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GENERAL REMARKS

Independent reference and compound numbering have been employed for abstract, as
well as each chapter (Chapter 1-3) and each section (Section A and B).

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
dichloromethane-methanol or light petroleum ether-ethyl acetate mixture, unless
otherwise mentioned.

TLC was performed on E-Merck pre-coated silica gel 60 F,s4 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 H,O and brine, dried over anhydrous
Na,SO,4 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 Yanco
electro-thermal melting point apparatus.

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.



e NMR spectra were recorded on Bruker ACF 200 and AV200 (200.13 MHz for 'H
NMR and 50.32 MHz for °C NMR), MSL 300 (300.13 MHz for 'H NMR and 75.03
MHz for *C NMR), AV 400 (400.13 MHz for '"H NMR and 100.61 MHz for "*C
NMR) and DRX 500 (500.13 MHz for '"H NMR and 125.76 MHz for °C NMR)
spectrometers. Chemical shifts (8) 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.

e 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. High resolution mass spectra were obtained on
a Kratos MS-80 spectrometer .

e 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%).

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

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

g/100 mL in the specific solvent.

e All the compounds previously known in the literature were characterized by
comparison of their R¢ values on TLC, IR and NMR spectra as well as melting point
with authentic samples.

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

procedures.
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Research Student: Sudhir N. Bavikar

Research Guide: Dr. Braja G. Hazra

Title of the Thesis: “Design and Synthesis of Sterol-polyamides, Sterol-polyamines
and Bile acid Bistriazoles: A New Class of Antimicrobials.”

Ref. No. : EI/209/Ph.D./2007 Dated: January 23, 2007

Date of Registration: 06.03.2006

Place of Work: Division of Organic Chemistry, National Chemical Laboratory,

Pune 411 008.

The thesis entitled “Design and Synthesis of Sterol-polyamides, Sterol-polyamines
and Bile acid Bistriazoles: A New Class of Antimicrobials.” has been divided into
three chapters.

Chapter 1: Design Synthesis and Bioevolution of Novel Steroid Polyamine Conjugates
Chapter 2, Section A: Design, Synthesis and Bioevaluation of Novel Steroid
Polypeptide Conjugates

Chapter 2, Section B: Pd Catalyzed One-pot Chemoselective Protocol for the
Preparation of Carboxamides Directly from Azides

Chapter 3: Cu(l) Catalyzed Alkyne-Azide “Click” Cycloaddition: Efficient Synthesis

and Bioevaluation of Bile Acid Bistriazole in the Presence of Base

Chapter 1: Design, Synthesis and Bioevaluation of Novel Steroid Polyamine
Conjugates.

Nature continues to be the main source of inspiration for synthetic chemists in their quest
to make novel conjugates, which can have different physical, biological and medicinal
properties. Steroids have been considered very useful in the preparation of new
pharmaceutical drugs because of their inherent chemical and biological properties. ' They
are pharmacologically interesting as potential carriers of liver specific drugs, absorption
enhancers and cholesterol lowering agents.”> A common feature of cholic acid and
deoxycholic acid derived antimicrobials is their potential to exhibit facially amphiphilic

nature, due to polar hydroxyl groups on one face and nonpolar hydrophobic methyl group
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Abstract

on the other. This type of amphiphilicity can also be exhibited by polyene macrolide
amphotericin B 1 and squalamine 2 in the cyclic form (Figure 1). Squalamine 2 is the
first natural steroid-polyamine conjugate isolated from stomach extract of the dogfish
shark and it represents a new class of naturally occurring antibiotic of animal origin.” It
contains a cholestane ring system with Sa-hydrido, 7a-hydroxy, 3B-spermidinyl and 24
(R)-sulphate group. Squalamine possess broad-spectrum antibiotic activity, extremely
active against Gram-negative and Gram-positive bacteria. It is fungicidal and induces
osmotic lysis of protozoa. The mode of action of squalamine might be through membrane

disruption and squalamine achieves this by acting as an ionophore.”

Figure 1
The fact that inadequate amounts of squalamine was available for bioactivity and
mechanistic studies, coupled with clear need for the preparation of analogs prompted
several groups to undertake the synthesis of squalamine analogs. There are several reports
in the literature™'® for the synthesis of squalamine analogs from different steroids. A
variety of squlamine analogs with different polyamines, sulfate, hydroxy groups at
different positions of steroids have been synthesised. Some of these analogues showed
similar anti-bacterial activity to the parent compound squalamine 2. Variations in the
structure of the analogues led to changes in the spectrum of activity against a variety of

bacteria and yeasts.

Accordingly we have chosen (i) cholic acid as starting material for the synthesis of new
analogues of squalamine as rigid and long hydrophobic unit. (i1) Spermine and spermidine

side chin is replaced by simple diethylenetriamine or triethylenetetramine as flexible

Vil



Abstract

hydrophilic chain. (iii) Sulphate, hydroxy and amine group are to be attached at different
positions as a pendant polar group. This chapter provides a detailed description of the

approaches in which we planned to synthesize novel steroid polyamine conjugates.

Accordingly synthesis of polyamine chain was carried out using diethylenetriamine 3.
One of the primary amino functionality of diethylenetriamine 3 was selectively protected
using methyl trifluroacetate'' to afford monotrifluroacetamide which was not isolated and
to this solution the remaining free amines were protected with ditert-butyldicarbonate to
afford bis Boc protected trifluroacetamide (Scheme 1). Selective deprotection of the bis
Boc trifluroacetamide was carried out by increasing the pH of the solution above 11 with

concentrated aqueous ammonia to afford compound 4 with over all yield 70%.

Hsz\N/\/NHz a—b> BocHN\/\N/\/NHz
H — ¢ & Boc
3 —C 4

Scheme 1: Reagents and conditions (a) CF;COOCH;, CH30H, -70-0 °C, 8 h; (b) Boc anhydride,
0-25 °C; (c) NH,0H, 16 h.

Cholic acid 5 on treatment with pTSA/CH30H gave methyl cholate in 91% yield, which
on acetylation afforded the triacetate in 92% yield. Selective C-3 acetate hydrolysis of
triacetate with Na,COs in CH30H for 7 h, followed by Jones oxidation furnished 3-oxo
compound 6 in 71% yield in two steps (Scheme 2). Reductive amination of compound 6
and N-Boc protected polyamine 4 using sodium cyanoborohydride'® gave epimeric
mixture of polyamine 7 at C-3 in 68% yield. LAH reduction of compound 7 afforded C-
7, C-12 and C-24 triol with an epimeric mix of polyamine at C-3. This mixture is
separated by silica gel flash column chromatography to furnish compounds 8 and 9 in
25% and 22% yield respectively. N-Boc deprotection of each of the pure compounds 8
and 9 were carried with dry CH;OH/HCI to furnish the corresponding trihydrochlorides.

These hydrochlorides were adsorbed on silica gel and eluted with CH;OH-NH4,OH-

viil



Abstract

CH)CI, to gave pure polyamine 10 and 11 in 83% and 79% yield. Priliminary

bioevaluation study was carried out with compounds 10 and 11.

Boc b

AcO OCHj

+
C
A i 1 Y3
acd’C OcH OH [ HO
HN cO 3
, HN -~~~ NHBoc N~ NHBoC
’él/\/NHBOC Boc l 8 25% Boc J 9 22%
oC d d
H h
N HO
HO
NH
H/\/ 2 11 79%

Scheme 2: Reagents and conditions (a) (i) pTSA, MeOH, 27 °C, 12 h, 91%; (ii) Ac,O (5 eq.),
DMAP, Et;N, DCM, 25 °C, 9 h, 92%; (iii) Na,CO;, MeOH; (iv) H,SO,+CrO;, Acetone; (b)
Na(CN)BH;, AcOH, MeOH/DCM, 0-27 °C, 14 h, 68%; (c) LAH, THF, 25 °C, 1 h ; (d) MeOH,
HCL, 1 h.

Zone of inhibition shown by compound 10 and 11 indicates these compound are

reasonably good antifungal agents with respect to standard drug Amphotericin-B 1.

Analogs prepared by above synthetic path have certain limitation such as a) Synthetic
route depicted in the above scheme has less overall yields b) Separation and purification
of both diasteriomers 10 and 11 is difficult because of highly polar nature ¢) To produce a
library of compounds with variable amphiphilicity, need simplified synthetic procedure

and hassle free purification of compounds.

With this in view we synthesize polyamine at C-3 position following different approach.
The N-Boc protected aminoaldehydes 13 and 16 were synthesized starting from the
commercially available amino alcohols 12 and 14, respectively (Scheme 3). Long chain

N-Boc protected polyaminoaldehyde 18 and 19 were synthesized from compound 15.

1X

—_—
+ BocHN"™>Nv"Nh, —_—

OH

OH
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Primary alcohol group of compound 15 was mesylated using methanesulfonyl chloride to
give compound 17. Compound 17 on nucleophlic substitution using ethanol amine 12 at
80 °C and N-(2-Aminoethyl) ethanolamine 14 at 90 °C respectively, furnished secondary
amines, which on Boc protection followed by oxidation of the terminal hydroxy
functionality using IBX (2-lodoxybenzoic acid) in DMSO to afford N-Boc protected

amino aldehydes 18 and 19.

a
HNC~oy —. BocHN\)LH
12 13
b c

HZN\/\N/\/OH —_— BOCHN\/\N/\/OH —_ BOCHN\/\N/\"/H
H Boc

14 15 16
d e
15— BocHN_~ ~_OMs ——> BocHNv\N/\/N\)L
Boc Boc
17 18
f Boc
BOCHN\/\N/\/OMS — BocHN _~ /\/NV\N/ﬁ(
Boc

Boc Bo

17 19

Scheme 3: Reagents and conditions (a) (i) Boc anhydride, 1IN NaOH, dioxane: water, 0-25 °C, 30
min 98%; (ii) IBX, DMSO, 25 °C, 4 h, 77 %; (b) Boc anhydride, IN NaOH, dioxane: water, 0-25
°C, 30 min, 97%; (c) IBX, DMSO, 25 °C, 4 h; (d) MsCl, , DCM, 0 °C; (e) (i) Ethanol amine, 80
°C, 7 h; (ii) Boc anhydride, Et;N, DCM, 0-25 °C, 3 h, 87%; (iii) IBX, DMSO, 26 °C, 4 h; (f) (i)
N-(2-Aminoethyl) ethanolamine, 90 °C, 6 h; (ii) Boc anhydride, Et;N, DCM, 3 h, 83%; (iii) IBX,
DMSO, 26 °C, 6 h.

3B-Amino methyl cholate 23 was synthesized from cholic acid 5 in four steps in a
straightforward manner with an overall yield of 77% (Scheme 4)." Reductive amination
of 33-amino methyl cholate 23 with N-Boc protected aldehydes 13, 16, 18 and 19 under
mild condition using Na(CN)BH; and AcOH in DCM/CH30H afforded the N-Boc
protected 3B-polyamino compounds 24-27 in 69-77% yields. Subsequent hydrolysis of
the C-24 methyl ester functionality in compounds 24-27 with 2M, LiOH in CH3;0H for 12
h provided the corresponding acids 32-35 in 85-89% yield. Cleavage of the Boc

protecting groups in compounds 24-27 and 32-35 was accomplished with 2M HCI in
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Et,0 to afford free amino compounds 28-31 and 36-39 in yields ranging from 85-93%,

respectively.

5, R=0OH, R;=H
20, R=OH, Ry =CH3

a

o

d
[%?iz%\ ) e
0o H,N O+ 13/16/18/19 — >
R4

HO
HO
23 0

OCH;

. | AN NHBoc

e
16, H ~"NHBoc

21, R=0OMs, R;=CH3 (0] Boc
c |
22, R=N3, R;=CH3 1, HJI\/N\/\N/\/NHBOC
)OJ\/EOC Boc ROC
19, H S~ HBOC
Boc
: f
. © —_— ! (0]
R HO R HO
HO OCHj O ocH,
T7% 85%
24, R= HNTANHE0C TR 28, R= HNTANH2 S0P
II?loc H
0,
o 25, R= HN""~""NHBoc 74% 20, R= HN" SNy, 88%
ﬁoc NHBoc 71% H NH, 91%
26, R= HN/\/ \/\N/\/ oC o 30, R= HN/\/ \/\N/\/ b 91%
Eoc Boc Eoc 69% H H H 0%
27, R= HN/\/ \/\E/\/ \/\NHBOC 3, R= HN/\/ \/\H/\/ \/\NHZ
oc
= h z
. o —_— ] (0]
R HO R HO
HO OH HO OH
87% 92%
32, R= HN- >~ \HBoc 87% 36, R= HNSN2 b
Boc H
33, R= HN"N~"NHBoc 89% 37, R= HN NNy, 93%
Eoc NHBoc 87% H NH %
oc
34, R= HN NN 38, R= HN™ N N T2 88%
Eioc Boc Eoc 85% H H H 85%
35, R= HN/\/ \/\E/\/ \/\NHBoc 39, R= HN/\/ \/\H/\/ \/\NHz
oc

Scheme 4: Reagents and conditions (a) MeOH, PTSA, 28 °C, 24 h, 96%; (b) MsCl, TEA,
CH,Cl,, 0 °C,10 min; (c) NaN; DMF, 60 °C, 8 h, 94%; (d) H, Pd-C, MeOH, 6 h, 87%; (¢)
Na(CN)BH;, AcOH pH 5-6, DCM/MeOH, 25 °C 10-12 h, 69-77%; (f) 2M HCI in Et,0, 0-25 °C,
1 h, 85-91%; (g) 2M LiOH, MeOH, 25 °C, 12 h, 85-89%; (h) 2M HCI in Et,O, 0-25 °C, 1 h, 85-
93%.

Cholic acid 5 and all the newly synthesized conjugate molecules 28-31 and 36-39

exhibited significant antifungal and antibacterial activity against all the tested strains.
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Chapter 2, Section A: Design, Synthesis and Bioevaluation of Novel Steroid
Polypeptide Conjugates.

The class of membrane-disrupting drugs is ideal as antimicrobial agents because microbes
are unlikely to develop resistance to them.''* As the outer membrane or cell wall of
microbes provides a protective barrier against many types of antibiotics,”> amphipathic
molecules that can act synergistically with various hydrophobic antibiotics as outer
membrane permeabilizers may represent a new class of antibiotic agents. Naturally
occurring steroid-amino acid conjugates such as bufotoxin 40 and polymastiamide-A 41,
exhibit in vitro antimicrobial activity.'® Several peptides have been identified that increase
the permeability of the outer membranes of Gram-negative bacteria and sensitize these
organisms to hydrophobic antibiotics.'” The best studied of these peptides are the

polymyxin B (PMB) 42 derivatives (Figure 2).

N
H 42 OH

Figure 2
With this in view, novel cholic acid-tetrapeptide conjugates of glycine and 3-alanine were
synthesized and tested against a wide variety of microorganisms. This chapter provides a
detailed description of the our approach which we planned to synthesize novel bile acid-
polyamide conjugates as PMB mimic. A convergent approach followed for the synthesis

of the desired targets. Following the literature procedures,'® suitably protected monomers
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45, 47 and 46, 48 were synthesized from glycine 43 and [-alanine 44, respectively

(Scheme 5).

The stepwise elongation was performed in DCM using 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI) activation to furnish Boc-(Gly),-OBn 49 in 76%

yield and Boc-(B-Ala),-OBn 50 in 74% yield (Scheme 5).

2, O
/‘( OH OH oB
OJ\N ot <2— T —— —@*803'+H3N'H>n/ "
H o ol

o}
47, X =1, 97% 43, X =1, Glycine 45 X =1, 90%
48 X =2, 98% 44 X = 2. p-Alanine 46, X = 2, 92%
(45 + 47) / (46 + 48) ——> o N'Hh]/ H)J\OBH
H X
o}
49, X =1, 76%
50, X =2, 74%
P (0] (0]
)( JJ\ HH)I\ € d )CJ)\ H i
0 HH?H/ OH <~——— 49/50 ———> F4C o-+H3NHhr ‘H)J\osn
o X o
53, X =1, 98% -
X=1, 51, X =1,98%
54 X =2 97% 52 X = 2, 99%
LIy R f BT
(51 +53)/ (52 + 54) ——> o NH}H/ ‘H)J\NH?H/ ‘H)LOBn
H x H X
o} o}
55 X =1, 73%
56, X =2, 70%
55/56 ———> o H'H;"/ \Hx)km*l;ﬂ/ ‘HX)LOH
o} o}
57, X =1, 98%
58 X =2 97%

Scheme 5: Reagents and conditions (a) Benzyl alcohol, pTSA, toluene, reflux, 4 h; (b) Boc
anhydride, 1IN NaOH, dioxane:water, 0-25 °C, 30 min; (¢) EDCI, HOBt, Et;N, DCM, 0-25 °C, 6
h; (d) TFA, DCM, 0-25 °C, 2 h; (e) H,, Pd-C, MeOH, 25 °C, 1 h; (f) 2M HCI:Et,0, 0-25 °C, 1.5h.

Removal of the tert-butoxycarbonyl (Boc) group from peptides 49 and 50 was performed
in trifluoroacetic acid (TFA)/DCM, to afford compounds 51 and 52 in quantitative yield.
On the other hand, catalytic hydrogenolysis of the benzyl (Bn) group from peptides 49
and 50, furnished compounds 53 and 54 in excellent yields. Compounds 55 and 56 were
obtained by fragment condensation of 51 with 53 and 52 with 54 in DMF using EDCI

activation in the presence of 1-hydroxybenzotriazole (HOBt) as catalyst. These
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tetrapeptides 55 and 56 were purified by column chromatography to furnish white solids
in 73 and 70% yields, respectively. The Benzyl groups of Boc-(Gly)4-OBn 55 and Boc-
(B-Ala)4-OBn 56 were removed by a similar catalytic hydrogenation reaction to furnish
compounds 57 and 58 in 98 and 97% yield, respectively. Tetrapeptide 58 was attached at
the 3B-position of modified cholic acid as follows. The amine functionality in compound
24 was protected using Boc anhydride to afford compound 59 in excellent yield (Scheme

6).

HoN
61 62

Scheme 6: Reagents and conditions (a) Boc anhydride, Et;N, dioxane:water, 25 °C 6 h; (b)
LAH, THF, 0-25 °C, 1 h; (c) Ac,O, DMAP, Et;N, DCM, 25 °C, 8 h; (d) TFA, DCM, 0-25 °C, 2 h.

Reduction of the methyl ester of compound 59 was carried out using LAH to afford C-24
hydroxy compound 60 in 74% yield. Acylation of the C-7 and C-24 hydroxyl groups of
compound 60 was carried out using acetic anhydride and a catalytic amount of N,N-
dimethylaminopyridine (DMAP) to furnish compound 61 in 87% yield. The protected C-
3B amino functionality of compound 61 was unmasked using TFA to afford compound 62
in almost quantitative yield. Coupling of 33-amino cholic acid intermediates 24 with Boc-
(B-Ala)s;~-OH 58 under mild condition using EDCI/HOBt and Et;N in DMF provided
compounds 63 in 71% yield (Scheme 7). Similarly coupling of 3B-amino cholic acid
derivative 62 with Boc-(Gly)s-OH 57 and Boc-(B-Ala)s-OH 58 furnished compounds 67,

68 in 75 and 74% yield, respectively. Subsequent hydrolysis of the methyl ester
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functionality in compound 63 and C-7 and C-24 acetates in compound 68 (LiOH 2M,
CH;OH) and aqueous work-up provided the corresponding acid 65, and hydroxy
compound 70 in 89 and 84% yield, respectively. Cleavage of the Boc group in
compounds 63, 65, 67 and 70 was accomplished with 2M HCI:Et,0 to afford free amino

compounds 64, 66, 69 and 71 respectively in yields ranging from 89-96%.

H ! O H ) (0]
Os_N HO O N HO
a HO OMe p HO OMe

58+24 ——> —_—

HN.__O HN O
\E/H\g/\/n\([)]/\/NHBOC \E/H\[O]/\/H\([)]/\/NHz

63, 71% 64, 94%

H h o H 1 0
Os_N HO O N HO
;/ HO OH ;/ HO OH
c

b

—_—

63 ——>

89% HN. O 91% HN._O
\n/\/ \n/\/ 0C \n/\/ \n/\/ 2
O 65 (0] 0 66 O

|x OAc HN OAc

a
57/58 + 62 ——»(

o 67, X =1, 75%
68, X =2, 74%

HN

Scheme 7: Reagents and conditions (a) EDCI, HOBt, Et;N, DMF, 0-25 °C, 6 h; (b) 2M
HCIL:Et,0, 0-25 °C, 1.5 h; (¢) 2M LiOH, MeOH, 25 °C, 12 h.

Tetrapeptides 55-58, cholic acid 24, and cholic acid-tetrapeptide conjugates 63-71 were
examined for in vitro antifungal as well as antibacterial activity. These compounds were

also tested for their ability to permeabilize the outer membrane of Gram-negative bacteria
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such as E. coli causing sensitization to hydrophobic antibiotics that inefficiently cross the
outer membrane. We also demonstrated such permeabilization by cholic acid derivatives

with C. albicans, a pathogenic fungus.

24+49/50 —> j/

oY, 72, X =1, 74% o ]X 74, X =1, 94%
= 0, = 0,
NiiBoc 73, X =2, 76% NH, 75, X =2, 90%
~ o) , 0
d O N HO
73— - j’ OH—> HO OH
HN Ix
"W 76,X=2, 87% o™ Wx 77, X =2, 84%
NHBoc NH,

24+ 47/48 —» \M’\/\(o _ o m\fo
HO oM

e

NHBoc NH,

1, 71% 80, X=1, 92%
2, 80% 81, X=2, 91%

BocHN 1) 84, X=1, 87%
gg §=% 8302 85, X=2, 81%

Scheme 8: Reagents and conditions (a) EDCI, HOBt, Et;N, DMF, 0-27 °C, 7-8 h,74% and 76%;
(b) 2M HCl in E,0, 0-25 °C, 1 h, 90% and 94%; (c) 2M LiOH, MeOH, 28 °C, 10 h, 87%; (d) 2M
HCl in Et,0, 0-28 °C, 1 h, 84%); (e) EDCI, HOBt, Et;N, DMF, 0-27 °C, 7 h,71% and 80%; (f) 2M
HCl in ELO, 0-28 °C, 1 h, 92% and 91%; () 2M LiOH, MeOH, 27 °C, 9 h, 89 and 91%; (h) 2M
HCl in Et,0, 0-28 °C, 1 h, 87% and 81%.

This chapter also provides detailed description of synthesis of 33-cholic acid-dipeptide
and monopeptide conjugates of glycine and B-alanine and study their antimicrobial
activity. A dipeptide and monopeptide segment of glycine and [-alanine has been
synthesized using classical solution phase synthesis. Coupling of 3f-amino cholic acid
intermediates 24 with Boc-(Gly),-OH 49 and Boc-(-Ala),-OH 50 under mild condition

using EDCI/HOBt and Et;N in DMF provided compounds 72 and 73 in 74% and 76%
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yield, respectively (Scheme 8). Subsequent hydrolysis of the C-24 methyl ester
functionality in compound 73 (LiOH 2M, CH30OH) provided the corresponding acid 76 in
87% yield. Cleavage of the Boc group in compounds 72, 73 and 76 was accomplished
with 2M HCI in Et,0 to afford free amino compounds 74, 75 and 77 in 94%, 90% and

84% yields, respectively.

In the similar way coupling of 33-amino cholic acid intermediates 24 with Boc-(Gly)-OH
47 and Boc-(pB-Ala)-OH 48 under mild condition using EDCI/HOBt and Et;N in DMF
provided compounds 78 and 79 in 71% and 80% yield, respectively. Subsequent
hydrolysis of the C-24 methyl ester functionality in compound 78 and 79 using aq.LiOH
2M, CH3;0OH provided the corresponding acid 82 and 83 in 89% and 91% yield,
respectively. Cleavage of the Boc group in compounds 78, 79, 82 and 83 was
accomplished with 2M HCI in Et,0O to afford free amino compounds 80, 81, 84 and 85
respectively in yields ranging from 81-92%. These newly synthesized compounds 72-85
were evaluated in vitro for their antifungal and antibacterial activity. Most of the
compounds exhibited antifungal as well as antibacterial activity against all the tested

fungal and bacterial strains.

Chapter 2, Section B: Pd Catalyzed One-pot Chemoselective Protocol for the
Preparation of Carboxamides Directly from Azides

The conversion of azides to amines is an important transformation in organic synthesis."
The amines are further converted to the corresponding carboxamides which is the most
common functionality in many biological interesting molecules. Several methods have
been developed for the direct amidation of carboxylic acids and amines.” To overcome

the situation where free amines can not be used because of structural wavering, azides

have been used to directly form amide bonds.
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Table 1
; NHS ester Catalys .
Entry Azide Component Component Product t Yield
° 0 89/86
N o
1 E)A : N\OJ\,NHBOC ©/\HJ\/NHB°° A i
86a © 87a 88 B 91
° o
©/\N3 Ny NHBoc N NHBoc A 85{83
2 Y ©/\H B 1
86a 87b ]7
o) OJ< 8 (0] OJ<
° o
©/\N3 qo NHBoc O/\HJ:[NHBOC A 82{82
3 0 o o B 1
6a e K© o K@ 81
° . o
N
4 g q‘o NHBic/© ©/\H NHOB:c N 86479
86a ° e o
o %5
° . o
N3 NHBoc
5 o8 ﬁ;ﬁo N%ii:j (:f\NkI#D\Jij B 81
86a 87d O o I
o}
NN ° 9 i/
3 NHBoc
6 o gOJVNHBoc OhE A 8
8eb ©  ga 93
N. 0 0 j)l\/
: NHCbz A 88
7 ©/\ q\OJ\/NHCbz ©/\” 5 i
86a o 87e ™"
X 1] 0
No i J\,NHCbz A 77
8 ©/\/\ Nog AN NHCE2 ©/\/\u B 20
86b o 876 o
o o
Ns H
9 E)A N~OJ\/N\EO ©/\HJK,NTO g 2;
86a © 87f “NHBoc 96 NHBoc
oH ™ 0
o) o OH
10 N\OJJ\/NHBOC | 5 B 76
0 87a HN i ‘OH 97
BocHN 0
11 B 70

" A- Palladium, 5 wt. % on barium sulphate; B- Palladium, 5 wt. % on calcium carbonate.

YYields for the reactions carried out in THF (Other all yields are for the reaction carried out in EtOH).

26b

# Entry 1A, 2A, 3A was earlier reported in our laboratory.
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The classical method of conversion of azide to amides includes Staudinger-type ligation
involving the acylation of an iminophosphorane,*' the amidation of carboxylic acid with
an azide in the presence of triallyl phosphine,” selenocaboxylate/azide amidation,”
Williams thio acid/azide amidation,”* new chemical ligation method in which
phosphinobenzenethiol was used to

link a thioester and azide to form an amide bond.”> The major drawback of these classical
mothod involves with the overall yield and purification of products. As a part of an
ongoing program on synthesis of biologically interesting bile acid-aminoacid
conjugates,”® we required an efficient one pot chemoselective and operationally very
simple protocol for the synthesis of carboxamides directly from azides.

In this section, we have demonstrated a new robustic, efficient “one pot” chemoselective
protocol for the preparation of carboxamides. In this practice carboxamides were obtained
efficiently in high yields from azides on reaction with corresponding preformed activated
carboxylic acids, in a single-step reductive transformation using hydrogen atmosphere
(balloon) under Pd/CaCOj; and/or Pd/BaSOy catalysis.

The simplicity, remarkable chemoselectivity and mildness of this catalytic transformation
were exhaustively studied with compounds bearing different sensitive functional groups
such as benzyl ethers (Entry 3 and 11), olefins (Entry 6 and 8) and benzyl carbamates
(Entry 7 and 8). In particular, synthesis of compound 95 (Entry 8) was realized when
azide bearing double bond 86b and NHS ester bearing N-Cbz protecting group 87e were
exposed to the present modified protocol. As expected, azide possessing olefin functional
group was smoothly converted into the corresponding carboxamides 95 in excellent yield
without affecting the carbon-carbon double bonds and N-Cbz protecting group. The scope

and generality of this protocol was utilized in our current research for the synthesis of
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peptide 96 (Entry 9) and steroidal carboxamides 97 as well as 98 (Entry 10 and 11,

respectively).

Chapter 3: Cu(l) Catalyzed Alkyne-Azide “Click” Cycloaddition: Efficient Synthesis
and Bioevaluation of Bile Acid Bistriazole in the Presence of Base.

Currently, bile acids have attracted considerable interest for diverse significant
applications, involved in pharmacology, asymmetric synthesis, molecular recognition and
also polymeric materials®” due to their inexpensive availability, the rigid steroid frame
works, unique facial amphiphilicity, and together with viability of being chemically
modified on C-3, C-7, C-12 and C-24

The Huisgen 1,3-dipolar cycloaddition reaction**’ has gained considerable attention in
recent year due to introduction of Cu(l) catalyst independently by Meldal,** and
Sharpless’' leading to a major improvement in both rate and regioselectivity of the
reaction (broadly known as Click reaction). The great success of this reaction rooted in
the fact the mild reaction conditions, high yielding, simple reaction and purification
performance, and exclusive formation of 1,4-disubstituted 1,2,3-triazole products. The
reactants and products are stable to various solvents including water, have promoted it as
a unique organic synthetic modular approach widely applied in biomedical science,
organic synthesis, and material chemistry during the past several years.*>

Usually the quantitative formation of 1,4-disubstited triazole is ensured through
hydrolytic cleavage of the Cu(I)-bound end product of the catalytic cycle to regenerate
active catalyst and liberate triazole. Sharpless and co-workers perceive minor amounts of
undesired byproducts bis-triazols by oxidative coupling during development of the
aqueous CuSOu/Ascorbate Huisgen cycloaddition.” Without reporting their

characterization, they attributed these byproducts to the direct use of Cu(I) species.
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Recently very elegantly, Angell and Burgess34 reported this oxidative coupling in the
presence of base.

In this chapter herein we report the synthesis of bile acid oxidative dimers 105 and 108
which are the major products under basic conditions. In continuation of our work on bile
acid dimers,” propargyl ester of deoxycholic acid 102 and benzyl azide 103 was chosen

as a model alkyne and azide components respectively (Scheme 9).

_ OH o}
\ o 104 }ﬁ
OH NN

HO
o
OH 102 / a
7
+ A HO,
/ o)

+
.N
N™
o™ oy =
A A YN
o

N,
103 NN
OH
105

Scheme 9: Reagent and condition (a) CuSO4.5H,0 (0.1 eq), Cu (powder) (1.0 eq.), Na,CO; (1.5
eq), THF, 31 h, 104 (29%) and 105 (63%) (Entry 1, Table 2).

We varied the reaction conditions in attempts to optimize the yield of bistriazole 105.
Bistriazole 105 was a major product when CuSOy4, Cu (powder) and K,CO; was used as
base. The optimal base concentration was found to be 1.5M. We also used different Cu(I)
sources in an attempt to optimize the yield of bistriazole 105, such as Cul in combination
with various organic as well as inorganic bases, but most of the attempts were not
encouraging. The oxidative dimerisation methodology was extrapolated to different bases
(both organic and inorganic) having variable concentrations for both copper catalyst
(CuS0O4/Cu and Cul) and using THF or DMF as solvent are depicted in Table 2.

Our next target was to synthesize of bistriazole 108 having four bile acids units by using

propargylic ester of deoxycholic acid 102 and C-24 azide of deoxycholic acid 106
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(Scheme 10). Attempts were made to increase the amounts of the bistriazole 108 by
employing CuSQOs, Cul and by changing various inorganic bases as well as organic bases.

Cycloaddition reaction of propargylic ester of deoxycholic acid 102 with C-24 azide of
deoxycholic acid 106 using Cul and different nitrogen containing organic bases as well as
inorganic carbonate bases mainly gives compound 107 (usual “click” 1,4 disubstuted

triazole) and minor one was bistriazole 108.

Table 2
Entry Reagentused Solvent Base Conc. of Time  Product distribution
base [h] 104[%] 105[%]
1 CuS0O4/Cu THF Na,COs 1.5M 31 29 63
2 CuSQO4/Cu THF Na,CO; 2.0M 30 32 60
3 CuSO4/Cu THF Na,CO; 3.0M 29 39 53
4 CuS04/Cu THF K,CO; 1.5M 28 29 68
5 CuS0O4/Cu THF K,CO; 2.0M 28 30 66
6 CuSO4/Cu THF K,CO;s 3.0M 27 32 60
7 CuS0O4/Cu THF NaHCO;3 1.5M 34 61 38
8 CuSO4/Cu THF NaHCO:s 2.0M 30 60 35
9 CuS0O4/Cu THF NaHCO;3 3.0M 36 69 22
10 CuSO4/Cu DMF Na,CO; 1.5M 26 48 43
11 CuS0O4/Cu DMF K,CO; 1.5M 27 51 41
12 CuS0O4/Cu THF DIPEA 2 eq. 29 83 -
13 CuS0O4/Cu THF DBU 2 eq. 31 91 -
14 CuS0O4/Cu THF TEA 2 eq. 26 90 -
15 Cul DMF DIPEA 2 eq. 13 67 19
16 Cul DMF DBU 2 eq. 14 69 21
17 Cul DMF TEA 2 eq. 12 68 24
18 Cul THF DIPEA 2 eq. 16 65 21
19 Cul THF DBU 2 eq. 16 69 18
20 Cul THF TEA 2 eq. 12 73 14
21 Cul THF Na,COs 2 eq. 23 60 32
22 Cul DMF Na,COs 2 eq. 23 63 35
23 Cul THF K,CO; 2 eq. 22 45 52
24 Cul DMF K,CO; 2 eq. 21 56 39

DIPEA- N,N-Diisopropylethylamine; DBU- 1,8-Diazabicycloundec-7-ene; TEA-
triethylamine.

Significant amounts of oxidative dimerisation product bistriazole 108 was observed when
we attempted coupling reaction with CuSQO4, Cu (powder), in the presence of 1.5M

Na,COs3 and also using 2M K,CO; (Scheme 10). The oxidative dimerisation methodology
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Scheme 10: Reagents and conditions (a) CuSO4.5H,0 (0.1 eq), Cu (powder) (1.0 eq.), K,CO; (2

M), THF, 12 h, 107 (19% ) and 108 (72%) (Entry 5, Table 3).

Table 3
Entry  Reagent  Solvent Base Conc. of Time  Product distrubution
used base [h] 107 [%] 108 [%]
1 CuSO4/Cu THF Na,CO; I.5M 16 20 72
2 CuSO4/Cu  THF Na,COs 2.0M 16 21 71
3 CuSO4/Cu THF Na,COs 3.0M 15 23 68
4 CuSO4/Cu  THF K,COs 1.5M 13 23 71
5 CuSO4/Cu THF K,COs 2.0M 12 19 72
6 CuSO4/Cu  THF K,COs 3.0M 12 27 63
7 CuSO4/Cu THF  NaHCOs; 1.5M 21 34 60
8 CuSO4/Cu  THF  NaHCO; 2.0M 19 38 53
9 CuSO4/Cu THF  NaHCO; 3.0M 18 37 55
10  CuSO4/Cu  DMF Na,COs 1.5M 16 41 53
11 CuSO4/Cu  DMF K,COs 1.5M 17 28 64
12 CuSO4/Cu  THF DIPEA 2 eq. 20 78 14
13 CuSO4/Cu THF DBU 2 eq. 21 83 7
14  CuSO4/Cu  THF TEA 2 eq. 19 80 9
15 Cul DMF DIPEA 2 eq. 13 54 37
16 Cul DMF DBU 2 eq. 14 60 30
17 Cul DMF TEA 2 eq. 13 54 32
18 Cul THF DIPEA 2 eq. 17 79 12
19 Cul THF DBU 2 eq. 15 68 23
20 Cul THF TEA 2 eq. 14 72 17
21 Cul THF Na,COs 2 eq. 20 61 28
22 Cul DMF Na,COs3 2 eq. 20 57 40
23 Cul THF K,COs 2 eq. 20 41 52
24 Cul DMF K,COs 2 eq. 19 60 38
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was extrapolated to different bases having variable concentrations for both copper catalyst

(CuSO4/Cu and Cul) and solvents are depicted in Table 3. These newly synthesized

compounds 104-108 were evaluated in vitro for their antifungal and antibacterial activity.

Most of the compounds exhibited antifungal as well as antibacterial activity.
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1.1. Abstract

A series of novel 3B-polyamino cholic acid conjugates have been synthesized. The
introduction of polyamines —NH(-CH,-CH,-NH-),-H (n = 1, 2, 3 and 4) have been
carried out by reductive amination of 3B-amino methyl cholate and N-Boc protected
aminoaldehydes. These synthetic products have been investigated for their antifungal as
well as antibacterial activity against a wide variety of microorganisms (Gram-negative
bacteria, Gram-positive bacteria and fungi). Most of these compounds exhibit significant
antimicrobial activity. Changing the identity of the polyamine has remarkable effect upon
antimicrobial activity. This effect shown by our novel compounds is due to their inherent

amphiphilicity.
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1.2 Introduction

Steroids have become ideal synthons for the development of diverse conjugates due to
their rigid framework, potential for varying levels of functionalization, broad biological
activity profile, ability to penetrate the cell membranes and bind to specific hormonal
receptors. The steroids form a group of structurally related compounds that are widely
distributed in animals and plants. The medicinal chemistry of steroids covers a large and
interesting series of structures and biological activities." The chemistry and biochemistry
of this natural product is extensively studied and utilized in the development of various
drugs, especially for hormonal imbalance, for the treatment of infections and cancer as
well as inflammation. However, the number of steroidal natural products is limited,
whereas millions of hybrids as conjugates of steroids can be prepared. This new approach
seems to be very promising in the development of lead molecules, which can be used for
combating diseases caused by bacteria and fungi. The medicinal applications are based on
the fact that the biological activity of the several new hybrids exceeds that of the parent
compounds. The advantage of this concept over a combinatorial chemistry approach is

the high diversity and the inherent biological properties of the steroid molecules.

1.3. Literature Survey on Steroid Polyamine Conjugates

As the outer membrane or cell wall of microbes provides a protective barrier against
many types of antibiotics,” the class of membrane-disrupting drugs is ideal as
antimicrobial agents because microbes are unlikely to develop resistance to them.® The
sterol-polyamine conjugates as new class of antibiotics have attracted much interest in
recent years, due to the emergence of penicillin-resistant Staphylococci, Streptococcus

pneumoniae in hospitalized patients.”
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A literature survey of antimicrobial steroids reveals that several amino cholesterol
derivatives exhibit profound antimicrobial activity against Gram-positive, Gram-negative
bacteria and yeast.’ The in vitro antibacterial properties of bile acids against certain
Gram-positive microorganisms are well known.® Consequently, the preparation of various
bile acid-based aminosterols was reported with a view to examining their activity as
antimicrobial agents. Cholic acid derivatives 1 and 2 with amine groups incorporated at

the C-24 position were described to display only weak antimicrobial activity (Figure 1).”

N\

OH ", OH "

Figure 1
A recent approach to combat against pathogens is to introduce a polycationic chain onto a
steroid scaffold. One such chimeric natural product namely squalamine 3 is the first
sterol-polyamine conjugate that has been isolated from tissues of the dogfish shark,

Squalus acanthias (Figure 2).°

HN AN
H H

3

Figure 2
It contains a cholestane ring system with 5a-hydrido, 7a-hydroxy, 3B-spermidinyl and 24
(R)-sulphate group. This unusual natural product has attracted considerable attention
because of its potent broad-spectrum antibiotic activity and extremely active against
Gram-negative and Gram-positive bacteria. It is fungicidal and induces osmotic lysis of

protozoa.’ It also possesses anti-angiogenic and anti-tumor properties'° and is in Phase-II
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clinical trials for the treatment of solid tumors, including non small cell lung cancer,
ovarian cancer, prostate and brain cancer. A mini review has appeared recently which
summarizes and highlights the different advances in the understanding of the
antimicrobial and antiangiogenic activity of squalamine.'’Attempts to obtain large
amounts of squalamine from the dogfish shark resulted in the discovery, isolation and

. . . . 11
characterization of family of novel aminosterols.

Mechanism of action of Squalamine: No information exists at present regarding the
molecular mechanism of the biological action of squalamine 3. In common with the
polyene antibiotic amphotericin B 4, and also peptide antimicrobial agents having
cationic residues and hydrophobic amino acids such as Polymixin B 5, which consist
basically a lipophilic half and a polar half, squalamine likewise may be depicted in a

similar cyclic form 6 (Figure 3).

NH,

Figure 3

This salt-bridged cyclic form consists of an upper lipophilic sterol part and the lower

hydrophilic part was the polyamine chain. The mode of action of squalamine might be
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through membrane disruption and squalamine 3 achieves this by acting as an ionophore.'?
It has been shown experimentally that squalamine recognizes negatively charged
phospholipid membranes.”” The fact that the outermost layer leaflet of the plasma
membrane of bacterial cells is negatively charged, while those of mammalian cells are
electrically neutral suggests that sterol conjugate 3 may be able to selectively demolish

the bacterial membranes.

Although, the majority of squalamine used in preclinical studies was obtained by
extraction and purification of dogfish livers, this source was projected to be too costly and
unreliable to provide adequate supplies for clinical trial. The fact that insufficient
amounts of squalamine were available from natural recourses for mechanistic studies,
coupled with clear need for the preparation of squlamine by chemical process prompted
several groups to undertake the synthesis of squalamine.14 A short review on synthesis of
squalamine has been reported.”’ Formal synthesis of squalamine has been achieved in
twelve steps from desmosterol with 7.4% overall yield by Takeuchi and co-workers.'®
Recently Zhou et al. have accomplished a concise and stereoselective synthesis of
squalamine from easily available chenodeoxy cholanate."” While chemical process
requires expensive starting material and numerous steps with low chemical yields, make
such a route impractical for large scale preparation. These consequences prompted
considerable impetus for devising fundamentally new approaches towards new drug
design. Soon after the isolation of squalamine, Regen and co-workers reported'* the rapid
construction of squalamine mimic 7 (Scheme 1). 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 7 not only mimics the structure of squalamine but also its

extraordinary antimicrobial properties.
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(o} (o} 0
/,,,’ OH //,,’ O,N
a o b
- —_ >
HO HO
8

23,24-bisnor-5-cholonic acid 3-B-ol

H
R= _N/\/\N/\/\/N\/\/NHZ
H Spermine

Scheme 1: Reagents and conditions (a) N-hydroxysuccinimide/DCC, THF; (b)
Pyr.SOs/CHCls; (c) spermine/DMF.

Furthermore, Gilbert et al. have investigated'® the role of Boc, acetae and sulfate groups
by preparing various simplified analogues of compound 7. Several analogues showed
significant in vitro activity against 7. brucei and L. donovani and little activity against 7.
cruzi. He also proved presence of the Boc or acetate protecting groups had little effect on

activity, whilst the presence of the sulphate group showed to decrease activity (Figure 4).

(o)

HO

Figure 4
Bradly et al. have achieved synthesis of analogue 7 of squalamine by using safety catch
linker on the solid-phase and also showed these linker are suitable for cleaving directly
with in the biological system.'® Armstrong and co-workers investigated the antimicrobial
properties of bile acid based squalamine mimics by attaching polyamines at C-24 position

of bile acid (Figure 5).%°
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Rz RZ
CO-spermine CO-spermine
H CH,-Spermine CO-spermine
12 ¢, SO3H CO-spermine CO-putrescine
12 12d,H CO-putrescine
12e,H CH,-putrescine
R, ‘n,,, R,

Ry R,
w - CO- ; R.O™ 15a,H CO-spermine
. H Rz = CO-spermine ! H 15b, SO3H  CO-spermine
14 15
Ra R,

HOY R, = CO-spermine HOW R, = CO-spermine

Figure 5
The mimics like 12 to 17 were prepared by linking putrescine, triethylenetetramine and
spermine in the side chain (C-24 position) of different bile acids such as cholic acid,
deoxycholic acid, lithocholic acid, ursocholanic acid, chenodeoxycholic acid and
hyodeoxycholic acid. Some of these compounds have broad spectrum of antimicrobial

activity and appear to act as potent membrane disrupting agents.

Jones et al. described the synthesis of new squalamine analogues, such as 63-hydroxy-3-
aminosterol 18 and 19 with #rans A/B ring junction, from hyodeoxycholic acid.”
Polyamines such as ethylene diamine, spermine were added to the 3-keto group by
reductive amination yielding both 3a and 3 addition product (Figure 6). The synthetic
products exhibited potent broad-spectrum antimicrobial activity similar to that of parent
identity of the polyamine or

compound and demonstrate that changing the

stereochemistry of addition has little effect upon antimicrobial activity.
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18 18 a, R = a-ethylene diamine 19 19 a, R = p-ethylene diamine
18 b, R = B-ethylene diamine 19 b, R =pB-spermine
18 ¢, R = a-spermine
18 d, R =B-spermine
Figure 6

Kim and co-workers reported synthesis of squalamine analogue 20 having short side

chain and sulphate group at C-22 and polyamine such as spermidine at C-3 positiom from

the inexpensive 22-hydroxy-23,24-bisnorchola-4en-3-one.”* This synthesized compound

shows weaker antimicrobial activity. Also series of 7-fluoro-3-aminosteroids like 21 were

synthesized and their in vitro antimicrobial activities were evaluated against Gram-

positive and Gram-negative bacteria by Kim and co-workars. Antimicrobial result

suggests that the nature and stereochemistry of functional groups exert a great influence

on antimicrobial activity (Figure 7).

2l1a=3ua, 70 -
21b =3B, 7o -
21c=3a, 7B -
21d =3B, 7B-
2le=3qa, 7o -
21f =3B, 70 -
21g=3a, 7B-
21h =3B, 7B -

Mmmmammm

Figure 7

Selinsky et al. synthesized series of several new analogues e.g. 22 to 26 of MSI-1463 in

which spermine is attched to C-3 position of stigmasterol and studied their antimicrobial

activity (Figure 8).%

All the analogues possess significant antimicrobial activity,
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suggesting that C7 and C24 substituent of the aminosterols plays a minor role in the

antimicrobial potency.

OH

R = R
H
22 22 a,R= o-— spermine 23 23 a,R= o— spermine 24 24 a,R= o— spermine
22 b, R= [3- spermine 23 b, R= [- spermine 24 b, R= [3- spermine

0S0;

25  25a,R = o~ spermine 26 26 a, R= o— spermine
25b, R= [3- spermine 26 b, R = B- spermine
Figure 8

Stereoselective synthesis of squalamine desulfates analogues 27 to 30 in which
spermidine chain is attached at 7 a, 7 B, and 6  position to B ring of cholesterol skeleton
were reported by Kihel and co-workers (Figure 9).** Some of these analogues showed
comparable antibacterial and antifungal activities with respect to squalamine 3, and were
cytotoxic on a human non-small cell bronchopulmonary carcinoma line. Therefore, these
molecules with antibiotic and cytotoxic activities are promising for immune-compramised

patients in cancer chemotherapy.

Very recently Brunel and co-workers have synthesized new 7-polyaminosterol derivative
like 31 employing titanium reductive amination reaction (Figure 10).*° All the
compounds present excellent activities against Gram-positive bacteria exhibiting similar
results against Staphylococcus aureus and Streptococcus faecalis with minimum

inhibitory concentrations (MICs) varying from 2.5 to 10 ug/mL. Numerous derivatives

10
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also possess MICs against Gram-negative bacteria Escherichia coli (MICs varying from
2.5 to 10 pg/mL) suggesting that nature of the amino group attached to the sterol moiety

plays an important role on the activities of such products.

s N

31a, R=-NH3
31 b, R=-NH-CH;

HO "R 31¢c, R=-HN
\/(/?{NHz n=122345678 9and 11

31 31 d, R = spermine

\. J

Figure 10

Savage et al. 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) 5 (Figure 11).*® These antibiotics display antibacterial activity
comparable or superior to that of PMB against Gram-negative bacteria. PMB 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.’’ Since PMB is difficult to prepare and purify, simple

molecules capable of associating with LPS and alter the permeability of Gram- negative

11
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bacteria were designed.”® In their approaches in designing PMB mimics modification of

steroids with polyamines have been carried out.

Figure 11
In PMB the amine groups on the macrocyclic ring are oriented on one face of the
molecule but are segregated from the hydrophobic groups. Based on these observations
PMB mimics 32 to 34 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 32, 33 and 34 to exhibit facial
amphiphilicity common to cationic peptide antibiotics. Compound 33 shows potent
bactericidal activity against Gram-negative and Gram-positive bacteria while compound
32 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.”

e N

RO
0
RO
o H -
RO
H2N HO4SO e "
35
OR
OR
36 b, R =CHs
36 ¢, R = CONH, 36
OR 36d, R = SO; Na

Figure 12

12
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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 discovery.
Squalamine mimics 7 (Figure 3) and 35 (Figure 12) functions as ionophores and exhibit
membrane selectivity based on surface charge.’® It functions, as an ionophore by
discharging a pH difference across the vesicle membrane. Compound 7 was found to be
active for H"/OH" transport but not for Na” ion transport. Compound 35 showed®' exactly
the opposite properties to that of compound 7. It is active for Na' ion transport but not for
H'/OH" transport. Recently there are reports®” on the synthesis of ion conductors 36 a to
36 d derived from spermine and cholic acid with varying degrees of facial amphiphilicity
(Figure 12). These compounds promote the passive transport of Na' across
phosphatidylcholine vesicles. However this transport activity decreases substantially as
the thickness of the bilayer is increased. A dendritic approach to the construction of a
homologous series of pore-forming amphiphiles has been reported® based on the use of

spermidine, spermine, lysine, and cholic acid.

Amphotericin B (Amp B) 4 (Figure 3) is a widely used antifungal drug for systemic
fungal infections.*® It kills the cells by punching holes in the cell membranes. Drug
resistance towards Amp B is extremely rare during its therapeutic use.*> However, due to
its high toxicity and apparent inability to be metabolized, there was a need of
biodegradable alternatives with higher membrane selectivity. Regen and coworkers
sought the simplest molecules that are capable of forming ion channels and synthesized*®
sterol-oligo conjugate 37 (Figure 13). The compound 37 obtained from 5-androstene-
3B,17B-diol, exhibited significant ionophoric activity and is viable as a functional
equivalent of Amp B. Davis and co-workers explored the use of steroid nucleus especially

cholic acid in the area of anion recognition.”” The biological and pharmacological

13
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implication of synthetic channel forming molecules is currently a focal point of

attention.*®

s N

(0]

O)J\O/{/\/OL\/\OH

(0]

o~ OV\]\O/U\O

3 37

Figure 13
Steroid-polyamine conjugates are not only exploited for their antimicrobial or ionophoric

properties but also for several other different properties.

Genzyme’s GL-67 38 (a spermidine bound through a carbamate functional group to a
cholesteryl lipid moiety), bis(guanidium)-tren-cholesterol [BGTC] 39 (cationic
cholesterol derivatives containing two guanidinium polar headgroups) and its spermidine
analogue, are efficient for gene transfection in vitro and in vivo, transferring a luciferase

reporter gene into primary human airway epithelial cells (Figure 14).%

Figure 14

Vitamin D, (ergocalciferol) polyamine conjugate 40 is a steroid with an opened B-

14
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ring, designed to probe the structure-activity effects on transfection of modifying the
geometry within the hydrophobic steroid motif.*’ Sugawara et al have synthesized
biotinylated lithocholic acid 41. Compound 41 inhibited mammalian DNA polymerase a

and B with dose-dependant manner.”!

Ohwada** and Blaghrough® synthesized several steroid-polyamine conjugates e.g. 42 and
43 (Figure 15) consisting of a hydrophobic, structurally rigid steroids (lithocholic acid
and cholestane), a flexible hydrophilic polyamines, the nitrogen atom of which can be
protonated under physiological conditions, and a linker which connects the hydrophobic

and hydrophilic unit.

-

Figure 15
Ohwada studied the hemolytic activity of these conjugates towards the bovine
erythrocytes and also found that the gene transfection activity of these steroid-polyamine
conjugates is influenced by the polyamine chain length and steroid structure. Blaghrough
et al demonstrated the use of these novel polyamine conjugates 42 and 43 for efficient
DNA condensation and subsequent drug delivery. They have also designed and prepared
novel fluorescent molecular probes as tool to throw light on the problematic steps in non-
viral gene delivery, which still impede efficient gene therapy. Walker and co-workers

have designed a promising class of compounds such as 44 for DNA transfection by

15
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conjugating various polyamines to bile acid based amphiphiles.44 Formulations containing
these compounds were tested for their ability to facilitate the uptake of a -galactosidase

reporter plasmid into COS-7 cells.

1.4. Resulit and Discussion

A number of intuitive assumptions can be drawn from this wide-ranging sterol polyamine
literature

a) Common elements required for the amphiphilicity is

» long and rigid hydrophobic unit

flexible hydrophilic chain which is linked to hydrophobic unit

pendant polar head group

the precise structure of the polyamine is not important

vV V VYV V¥V

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

b) A common feature of these antimicrobials is the potential to exhibit facially
amphiphilic conformation containing polar and hydrophobic surfaces.*

This type of amphiphilicity can be achieved by polyene macrolide antibiotics*® such as
amhotericine B 4 and also peptide antimicrobial*’ polymixin B 5 (Figure 1). Although the
squalamine and PMB mimics are morphologically dissimilar they display similar

activity.*®

¢) The overall amphiphilicity of the molecule plays a key role in determining the level of
antimicrobial activity. A generic structure with fine-tuning of the molecular
amphiphilicity may lead to novel molecules capable of selectively permeabilizing the

microbial membranes.

16
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d) Variations in the structure of the analogues led to changes in the spectrum of activity

against variety of bacteria and yeasts.

With this in view, novel cholic acid-polyamine conjugates were synthesized and tested
against wide variety of microorganisms. Cholic acid has been chosen as starting material
for the synthesis of new analogues as rigid and long hydrophobic unit because it attracted
significant attention due to availability as well as the orientation of the hydroxyl groups
that may be exploited in pedant-type receptors® and its natural facial amphiphatic
nature.” It differs from the conventional head-to-tail amphiphiles because the polar and
non-polar domains are separated along the longitudinal axis of the molecule, which gives
rise to distinct polar and non-polar faces.”' Also they are pharmacologically interesting as
potential carriers of liver-specific drugs, absorption enhancers, and cholesterol lowering
agents.”> Polyamines are of considerable interest due to their advantages of low toxicity,
low immunogenicity, controllable synthesis and defined molecular structure for

. . . 53
pharmaceutical characterization.

In our studies spermine and spermidine side chain has been replaced by simple
polyamines such as ethylenediamine as flexible hydrophilic chains. These polyamines
were introduced at the C-3 position of cholic acid to have a combination of hydrophilic
functional moiety as well as hydrophobic carrier in the same molecule. Accordingly we
have achieved the synthesis of novel C3-o and C3-f linear cholic acid-polyamine
conjugates, wherein polyamines derived from diethylenetriamine were hooked at C-3

position of the modified cholic acid by reductive amination.

17
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1.5. Chemistry

Synthesis of N-protected polyamine side chain: Synthesis of polyamine chain was
carried out using diethylenetriamine 45. One of the primary amino functionality of
diethylenetriamine 45 was selectively protected using methyl trifluroacetate™ to afford
monotrifluroacetamide 46 (Scheme 2). Compound 46 was not isolated and to this solution
the remaining free amines were protected with di-fert-butyldicarbonate to afford bis N-
Boc protected compound 47. Selective deprotection of the bis N-Boc trifluroacetamide 47
was carried out by increasing the pH of the solution above 11 with concentrated aqueous
ammonia to afford triamine 48 with overall yield 70% in which one of the free primary

amine is unmasked.

a b
H2N\/\N/\/NH2  — H2N\/\N/\/NHCOCF3 —_—
H H
45 46

Cc

BocHN\/\N/\/NHCOCF3 E—— BocHN\/\N/\/NHz
Boc Boc

47 48, 70%

Scheme 2: Reagents and condition (a) CF;COOCH;, MeOH, -70-0 °C, 8 h; (b) Boc
anhydride, Et;N, 0 -25 °C, 6 h; (c) NH4OH, 16 h, 70%.

Synthesis of new analogues of squalamine from cholic acid: Synthesis of the cholic acid
intermediates, which are the building blocks for realization of the desired conjugates, is
depicted in Scheme 3. Cholic acid 49 on treatment with MeOH/p-TSA gave methyl
cholate 50 in 91% yield. Compound 50 on acetylation afforded the triacetate 51 in 92%
yield. Selective hydrolysis of 51 with Na,CO3 in MeOH for 7 h, followed by Jones
oxidation furnished 3-oxo compound 52 in 71% yield in two steps. Reductive amination
of 3-oxo0-7,12-diacetoxy methyl cholate 52 and N-Boc protected polyamine 48 using
sodium cyanoborohydride® gave epimeric mixture of polyamine 53 at C-3 in 68% yield.

LAH reduction of compound 53 afforded C-7, C-12 and C-24 triol with an epimeric mix

18
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of polyamine at C-3. This mixture is separated by silica gel flash column chromatography

to furnish compounds 54 and 55 in 25% and 22% yield respectively.

e ——
e
-
z f
, 0O —  » 54 + 55
AcO OCH
HN AcO 3
N—
N
B;\/NHBOC
H |
HO
+ [ HO OH
HN\/\N/\/NHBOC N/\/NHBoc
Boc 54 250 Boc 55 22%
g g \
H !
N HO
[ HO OH
NH,
H/\/ 57 79%

Scheme 3: Reagents and condition (a) p-TSA, MeOH, 27 °C, 12 h, 91%; (b) Ac,O (5
eq.), DMAP, EtsN, 25 °C, 9 h, 92%; (c) Na,COs3, (1.2 eq), MeOH, 7 h; (d) H,SO4+ CrO;3,
Acetone, 71%; (e) Compound 48, NaBH;3(CN), AcOH, MeOH/DCM, 10-27 °C, 14 h,
68%; (f) LAH, THF, 25 ° C, 1 h; (g) MeOH, HCI, 1 h.

N-Boc deprotection of each of the pure compounds 54 and 55 were carried with dry
MeOH/HC1 to furnish the corresponding unmasked trihydrochlorides. These
hydrochlorides were mixed with silica gel and the mixture was loaded in glass column.

This was then eluted with MeOH-NH,OH-DCM to gave pure polyamine 56 and 57 in

83% and 79% yield.
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In an alternate route, 3-oxo methyl cholate 58 was obtained in 92% yield by selective
oxidation of the 3a hydroxy of methyl cholate 50 with Ag,CO; on celite”® (Scheme 4).
Reductive amination of compound 58 and N-Boc protected polyamine 48 using sodium
cyanoborohydride gave epimeric mixture of polyamine 59 at C-3 in 61% yield. LAH
reduction of compound 59 followed by silica gel flash column chromatographic

separation to furnished compounds 54 and 55 in 33% and 28% yield respectively.

HN\/\ /\/NHBOC
N N
B;\/NHBOC 59 Boc 54  33%
+
H )
N HO
[ HO OH
N/\/NHBOC
Boc 55 28%

Scheme 4: Reagents and condition (a) AgCO; on Celite, toluene, Reflux, 5 h, 92%; (b)
Compound 48, NaBH3(CN), AcOH, MeOH/DCM, 10-27 °C, 12 h, 61%; (c) LAH, THF,
25°C, 1h.

These polyamino alcohols 54 and 55 are synthesized in 4 steps from cholic acid with an
overall yield of 13% and 11% respectively. Compound 54 and 55 prepared by this route
are identical in all respect to the compounds prepared earlier from cholic acid (Scheme 3)
in 6 steps with an over all yield of 10% and 9% respectively. These two novel bile acid-
polyamine conjugates 56 and 57 were examined for preliminary bioevaluation at

concentrations at 15, 30 and 45 pg/mL for the in vitro antifungal activity.

20
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The preliminary antifungal activity of synthesized compound 56, 57 was tested using
NCL isolate fungal strains Candida albicans (human pathogens), Benjaminiella poitrasii
(saprophytes), Fusarium oxysporum (plant pathogen). The zone of inhibition values were
determined using Disc Diffusion technique. Amphotericin B was used as the reference
antifungal agents. Biological data of the tested compounds 56 and 57 has been depicted in

Table 1.

In the preliminary bioevaluation study, the zone of inhibition value for compound 56 was
1-2 mm at 30 pg/mL against C. albicans and B. poitrasii and 2-3 mm at 30 pg/mL against
F. oxysporum having polyamine at C3-a position. Compound 57 in which polyamine at
C3-B position also exhibited significant antifungal activity against C. albicans at 30
ug/mL (zone of inhibition value 2-3 mm) comparable to that of reference drug

amphotericin B.

Table 1: Zone of inhibition in mm of synthesized compounds.

Strains Compound 56 Amp-B Compound 57 Amp-B
30pug/ml  50pug/ml  15pug/ml 30pg/ml  S0pg/ml  15ug/ml
C. albicans 1-22mm  2-3mm  3-4mm  2-3mm = 3-4mm  4-5mm
B. poitrasii [-22mm  2-3mm  4-5mm -- [-22mm  5-6mm
F.oxysporoum 2-3mm  3-4mm  1-2mm -- [-22mm  3-4mm

In spite of having antifungal potency, we found that analogues prepared by above

synthetic path have certain limitation such as

a) Synthetic route depicted in the above scheme 3 and 4 has less overall yields

b) Separation and purification of both diasteriomers 56 and 57 is difficult because of

highly polar nature
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¢) To produce a library of compounds with variable amphiphilicity, need simplified

synthetic procedure and hassle free purification of compounds.

With this in view to overcome these drawbacks, we would like to synthesize polyamine at
C-3 position following different approach. In this approach reductive amination has been
carried out with the amine functionality at C-3 position of methyl cholate with N-Boc
protected aminoaldehymodified 62, 65, 69 and 72. Diethylenetriamine 48 side chain has
been replaced by a series of simple polyamines such as —NH-(-CH,-CH,-NH-),-H (n =
1, 2, 3 and 4) as flexible hydrophilic chains. These polyamines were introduced at the 3p3-
position of cholic acid by reductive amination of N-Boc protected aminoaldehydes 62, 65,
69 and 72 and 3B-aminomethyl cholate 75 to have a combination of hydrophilic
functional moiety as well as hydrophobic carrier in the same molecule. Along with this,
we thought of an exact molecular amphiphilicity which is one of the important factor
which accounts for the easy transport of molecules through the membranes. This has been
achieved for the first time by utilizing fine-tuning approach of these synthesized

. . . . . . 47.57
conjugates. In continuation to our work on bile acid-conjugates, "

we report herein the
synthesis of novel cholic acid-polyamine conjugates 76-79 along with their fine-tuning

counterpart 80-91 and their bioevalution against a wide variety of microorganisms.

Preparation of aminoaldehyde 62 and polyaminoaldehydes 65, 69, 72: We undertook
the synthesis and evaluation of a new cholic acid-polyaminno conjugates by exploiting a
convergent approach. Accordingly suitably protected aminoaldehyds 62 and 65 were
synthesized starting from the commercially available ethanol amine 60 and of N-(2-
aminoethyl) ethanolamine 63, respectively (Scheme 5). The amine functionality in
compounds 60 and 63 were protected using Boc anhydride to afford compounds 61 and

64, respectively in excellent yield. Oxidation of the terminal hydroxyl functionality of
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compounds 61 and 64 were carried out using IBX (2-Iodoxybenzoic acid) in DMSO to
afford N-Boc protected aminoaldehydes 62 and 65. In IR spectrum of compound 62 and
65 absorbance assigned to aldehyde carbonyl appeared at 1708 cm™ and 1709 while
primary hydroxy appeared at 3344 and 3341 cm™ in compound 61 and 64, respectively.
Long chain N-Boc protected polyaminoaldehyde 69 and 72 were synthesized by

exploiting stepwise homologation starting from the compound 64.

a b Q
HN o~y ——> BocHN_~o,  —— BocHN. L.,
60 61 62
a b
HzN\/\N/\/OH —_— BocHN\/\N/\/OH —_— BOCHN\/\N/\H/H
H Boc Boc o)
63 64 65
C d H e
64 ——> BocHN o~ A~ OMs ——> BocHN _~ AN~y —
Boc Boc
66 67
Boc f Boc Q
BOCHN\/\N/\/N\/\OH _— BocHN\/\N/\/N\)J\H
Boc Boc
68 69
g R N h
66 - . BocHN" > \/\H/\/ ~"oH -
70
(0]
lI?loc Eoc i EOC E‘ci:)]\
BocHN” """ SN0 — BocHN™ >SN H
Boc Boc
71 72

Scheme 5: Reagents and condition (a) Boc anhydride, IN NaOH, dioxane:water, 0-25 °C,
30 min, 98% for 61 and 87% for 64; (b) IBX, DMSO, 25 °C, 4 h; (c) MsCl, Et;N, DCM,
0 °C; (d) ethanol amine, 80 °C, 7 h; (e) Boc anhydride, Et;N, DCM, 0-25 °C, 3 h, 87%;
(f) IBX, DMSO, 26 °C, 4 h; (g) N-(2-aminoethyl)ethanolamine, 90 °C, 6 h; (h) Boc
anhydride, Et;N, DCM, 3 h, 83%; (i) IBX, DMSO, 26 °C, 6 h.

Primary alcohol group of compound 64 was mesylated using methanesulfonyl chloride to
give compound 66 which on treatment with ethanol amine 60 followed by Boc protection

furnished compound 68 in 87% yield. Similarly reaction of mesylate 66 with 63 and
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resulting secondary amine on N-Boc protection furnished compound 71 in 83% yield.
Oxidation of the terminal hydroxy functionality of compounds 68 and 71 were carried out

using IBX in DMSO to afford N-Boc protected aminoaldehydes 69 and 72.

Synthesis of the cholic acid intermediates 75, which are the building blocks for the
realization of the desired conjugates, was synthesized from cholic acid 49 in four steps in
a straightforward manner with an overall yield of 77%"* is depicted in Scheme 6. Methyl
cholate 50 on treatment with methanesulfonyl chloride gave 3a-mesyl methyl cholate 73.
Compound 73 on nucleophilic displacement with sodium azide followed by reduction of
3B-azide 74 using hydrogen and Pd-C afforded the 3B-amino methyl cholate 75 in 87%

yield.

c
! o / O
N3 HO H,N HO
HO OCHs ? HO OCHjs
4

7 75

Scheme 6: Reagents and condition (a) MsCl, Et;N, DCM, 0 °C,10 min.; (b) NaN3;, DMF,
60 °C, 8 h, 94%; (c) H,, Pd-C, CH30H, 6 h, 87%;

Coupling of 3B-amino cholic acid intermediates 75 with N-Boc protected amino
aldehydes 62, 65, 69 and 72 by reductive amination under mild condition using
NaBH3;CN (saodium cyanoborohydride) and AcOH in DCM:MeOH provided the N-Boc
protected 3B-polyamino compounds 76-79 in yields ranging from 69-77% (Scheme 7).
Subsequent hydrolysis of the C-24 methyl ester functionality in compounds 76-79 with
aqueous 2M, LiOH in methanol for 12 h afforded the corresponding acids 84-87 in yields

ranging from 85-89%.
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Scheme 7: Reagents and condition (a) NaBH3;CN, AcOH (pH 5-6), DCM:MeOH, 25 °C
10-12 h, 69-77%; (b) 2M HCI in Et,0, 0-25 °C, 1 h, 85-91%; (c) 2M LiOH, CH;OH, 25
°C, 12 h, 85-89%; (d) 2M HClI in Et,0, 0-25 °C, 1 h, 85-93%.

Cleavage of the N-Boc protecting groups in compounds 76-79 and 84-87 was
accomplished with 2M HCI in Et;O to afford free amino compounds 80-83 and 88-91 in

yields ranging from 85-93%. It is worth mentioning here that all the compounds 80-91 are

new and characterized fully by IR, '"H NMR and >C NMR spectroscopy.
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1.6. Bioevaluation Study

Cholic acid 49 and all the newly synthesized steroid-polyamine conjugates 76-91 were
examined at concentrations from 1 to 128 pg/mL for the in vitro antifungal and
antibacterial activity. The antifungal activity was tested using NCL isolate fungal strains
Candida albicans and Cryptococcous neoformans (human pathogens), Benjaminiella
poitrasii and Yarrowia lipolytica (saprophytes), Fusarium oxysporum (plant pathogen).
The antibacterial activity was evaluated against Escherichia coli (NCIM 2574), and
Staphylococcus aureus (NCIM 2122). The MIC values were determined using standard
broth microdilution technique as described by NCCLS.”® Amphotericin B and fluconazole
were used as the reference antifungal agents, while tetracycline and ampicillin were used
as the reference antibacterial agents. All the biological data of the tested compounds has

been depicted in Table 2 as MIC values.

In the preliminary bioevaluation, cholic acid 49 did not show any appreciable antifungal
or antibacterial activity. The MIC value for compound 49 was >128 ug/mL. Compound
88 having free amine and free acid exhibited a significant antifungal activity against C.
albicans at 6 pg/mL, C. neoformans at 16 ng/mL, B. poitrasii at 8 ug/mL comparable to
that of reference drug amphotericin B and fluconazole. Also compound 88 exhibited a
significant antibacterial activity against E. coli at 8 pg/mL comparable to that of reference
drug tetracycline and erythromycin. With respect to antifungal and antibacterial activity,
compound 88 was superior to fluconazole and erythromycin, respectively indicating that
the presence of an acid and amine substituents are crucial. Compound 76 having masked
amine and acid group showed moderate antifungal and antibacterial activity against C.
albicans, Y. lipolytica and S. aureus. The growth inhibitory activity of compound 80 was

more potent than amphotericin B and fluconazole against C. neoformans. Compound 84
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possessing free acid group was more potent against C. neoformans, B. poitrasii and E.
coli than the reference antifungal drug (fluconazole) and antibacterial drug (tetracycline,
erythromycin).

Table 2: Minimum inhibitory concentration (MIC) of synthesized compounds.

Antimicrobial Activity MIC (ug/mL)
Sr. Compound . Bacterial
No. Number Fungal Strains Strains
A B C D E F G
1 49 >128 >128 128 >128 >128 >128 >128
2 76 28 64 64 32 32 128 16
3 77 26 32 14 16 48 64 8
4 78 128 32 64 24 88 64 64
5 79 128 16 >128 64 8 64 64
6 80 32 18 128 128 82 128 64
7 81 6 16 16 32 32 8 32
8 82 64 8 16 8 8 32 64
9 83 64 6 16 128 128 16 48
10 84 64 16 16 128 32 16 16
11 85 52 98 96 >128 72 32 64
12 86 128 8 64 128 10 128 32
13 87 16 16 32 32 24 64 64
14 88 6 16 8 >128 80 8 64
15 89 128 128 128 12 16 16 32
16 90 16 8 128 64 16 48 64
17 91 128 8 128 6 8 64 64
18 AmpB 2 16 16 16 16 NT NT
19 Fluconazole 32 32 32 64 8 NT NT
20 Tetracycline NT NT NT NT NT 8 16
21 Erythromycin ~ NT NT NT NT NT 64 32

A: C. albicans; B: C. neoformans; C: B. poitrasii; D: Y. lipolytica; E: F. oxysporum; F: E.
coli; G: S. aureus; NT - Not Tested.

Compound 81 having free amine exhibited potent antifungal activity against C. albicans
at 6 ug/mL, C. neoformans at 16 ng/mL, B. poitrasii at 8§ ug/mL comparable to
amphotericin B and fluconazole. Also compound 81 exhibited significant antibacterial
activity against E. coli at 8 ng/mL comparable to that of tetracycline and erythromycin.

Surprisingly we found distinct antibacterial activity at 8 ug/mL against S. aureus for
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compound 77 which lacks hydrophilic character. However, the compound 82 possessing
free acid group showed significant inhibitory antifungal activity with MIC value of 12-16
ug/mL comparable to that of amphotericin B and fluconazole against Y. lipolytica, F.
oxysporum. Compound 89 also showed significant antibacterial activity with MIC value
of 16 and 32 pug/mL comparable to that of tetracycline and erythromycin against E. coli

and S. aureus, respectively.

Compound 82 having free amine group exhibited a potent antifungal activity against C.
neoformans, Y. lipolytica, F. oxysporum at 8 ug/mL and B. poitrasii at 16 pg/mL and
good antibacterial activity was reported against E. coli at 32 pg/mL indicating that the
presence of an amine substituent is crucial. Compound 90 having free amine and free
acid exhibited a significant antifungal activity against C. albicans at 16 pg/mL, C.
neoformans at 8 ug/mL. However, the compound 90 was less active against B. poitrasii,
Y. lipolytica, F. oxysporum, S. aureus with MIC value of 64-128 pg/mL. Compound 86
having free acid and masked amine functionality exhibited a significant antifungal
activity against C. neoformans at 8 ug/mL and F. oxysporum at 10 pg/mL. Compound 78
having masked amine and acid group was found to be less active against all antifungal

and antibacterial strains.

Compound 91 having free amine and free acid exhibited a significant antifungal activity
against Y. lipolytica at 6 pg/mL, C. neoformans and F. oxysporum at 8 pg/mL comparable
to that of amphotericin B and fluconazole. However, compound 91 was not active against
C. albicans, B. poitrasii and S. aureus. The growth inhibitory activity of compound 83
having free amine functionality was more potent than amphotericin B and fluconazole

against C. neoformans at 6 ug/mL, B. poitrasii at 6 ug/mL and E. coli at 16 pug/mL.
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Surprisingly, we found distinct antibacterial activity for compound 87 with MIC 16-32
ug/mL against all antifungal strains which lacks hydrophilic character. Compound 79
having masked amine and acid group showed significant antifungal activity against F.

oxysporum at 8 ug/mL.

1.7. Conclusion

We have observed that, incorporation of linear polyamine fragment on the cholic acid
skeleton, demonstrated potent antimicrobial activity against all the strains tested. In
particular, compounds 81, 82, 84, 88, 90 and 91 showed significant antimicrobial activity
with MIC value ranging from 6-16 pg/mL against fungal and bacterial strains. To
conclude, we have demonstrated that molecular amphiphilicity is one of the important
factors which accounts for the easy transport of molecules through the membranes, as a
result a generic structure wherein fine-tuning of the molecular amphiphilicity is possible,

have been designed utilizing amphiphilic nature of cholic acid.
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1.8. Experimental Procedure

Compound 48: To a solution of diethylenetriamine 45 (0.54 mL, 5 mmol) in MeOH (70
mL) at -78 °C under nitrogen atmosphere methyl trifluroacetate™ (0.50 ml, 5.1 mmol)
was added drop wise over 30 min. Stirring was continued for further 30 min, then the
temperature was increased to 0 °C for 8 h to afford predominantly the mono-
trifluoroacetamide 46. Without isolation, the remaining amino functional groups were
quantitatively protected by drop wise addition of an excess of di-fert-butyldicarbonate
(3.446 mL, 15 mmol) in methanol (20 mL) over 5 min. The reaction was then warmed to
25 °C and stirred for a further 6 h to afford the fully protected polyamine 47, Rf 0.6
(EtOAc). The trifluoroacetate protecting group was then removed in situ by increasing the
pH of the solution to above 11 with conc. aq. ammonia and then stirring at 25 °C for 16 h.
The solution was concentrated in vacuo and the product was further purified by flash
chromatography on neutral alumina (DCM/MeOH, 99:1) to afford compound 48 (1.051 g,
70% yield, after three steps) as white, semisolid; Anal. Calcd. for C14H29N304: C, 55.44;
H, 9.38; N, 14.03 Found: C, 55.42; H, 9.63; N, 13.85; IR Vina (Nujol)/(cm™) 1679, 1689,
1699, 1703, 3348; ou (CDCl3,200 MHz) 1.19 (s, 2H), 1.42 (s, 9H), 1.42 (s, 9H), 1.45 (s,
9H), 2.83 (t, 2H, J=6.59, 12.71 Hz), 2.77-2.89 (m, 6H); MS (LCMS) m/z

303.9264[M+1]", 326.3907[M+Na]".

Compound 50: (Methyl 3a,7a,12a-trihydroxy-54-cholan-24-oate) To a solution of
cholic acid 49 (0.3 g, 0.74 mmol) in dry methanol (10 mL) was added p-TSA (0.03 g,
0.17 mmol). The mixture was allowed to stand at 28 °C for 24 hrs. Methanol was

evaporated and the residue was extracted with DCM (3x50 mL). The organic extract was
washed with cold water (2x10 mL), 10 % NaHCO; (2x10 mL), brine (2x10 mL) and

dried over Na,SO,. Solvent was evaporated under reduced pressure to afford crude
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product. Purification by column chromatography on silica gel (5 %, CH3;OH/CHCls)
afforded compound 50 (0.3 g, 98 %) as a white foamy solid; mp 157-158 °C; [a]p™® +
31.33 (¢ 1.0, CHCls); Anal. Calced. for CysH4,0s: C, 71.05; H, 10.02 Found: C, 70.93; H,
10.36; IR vimax (Nujol) 3670, 1739 cm™; "TH NMR (300 MHz, CDCls) & 0.65 (s, 3H), 0.86
(s, 3H), 0.95 (d, J = 6 Hz, 3H), 3.43 (m, 1H), 3.64 (s, 3H), 3.82 (bs, 1H), 3.94 (bs, 1H);
PC NMR (75 MHz, CDCl3) & 12.8, 17.7, 22.8, 23.6, 26.6, 27.9, 28.5, 31.2, 31.4, 31.5,

35.0,35.2,35.7,35.8,39.8,39.9,41.9,42.0,46.8,47.3, 51.8, 68.8, 72.2,73.4, 175.2.

Compound 51: (Methyl 3a,7a, 12a- triacetoxy-58-cholan-24-oate) To a solution of
methyl ester 50 (0.423 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 9 h. Reaction was quenched with cold water, and extracted with dichloromethane
(2x25 mL). Organic extract was washed it with water, 5% NaHCOs3 (2x25 mL) and brine
and dried on anhydrous Na,;SO,. Solvent was removed under reduced pressure and the
product was purified by column chromatography (20% ethylacetate/pet-ether) to give
pure compound 51 (0.504 g, 92% yield) as white solid; IR (cm ™): 1724, 1733; '"H NMR
(200 MHz, CDCls): 6 0.73 (s, 3H, CH3-18), 0.81 (d, J = 6.1 Hz, 3H, CHs-21), 0.92 (s,
3H, CHs-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); °C NMR (50 MHz, CDCls): § 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 + Na)".

Compound 52: (Methyl 3-keto-7a,12ca-diacetoxy-58-cholan-24-oate) To solution of

compound 51 (0.548 g, 1 mmol) in methanol (10 mL) anhydrous Na,CO; (0.127 g, 1.2
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mmol) was added. The reaction mixture was stirred at 30° C for 7 h. 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 Na,SO4 and concentrated to gave 3oa-hydroxy,7a,120-
diacetoxy-methyl cholate as white solid which was used in next step without purification.
To a solution of 3a-hydroxy,7a,12a-diacetoxy-methyl cholate 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/H,O (5:1) mixture (100 mL). The organic
layer was washed with cold water (2x10 mL), 10% NaHCOs (2x10 mL), brine (2x10 mL)
and dried over Na,SO4. Solvent was evaporated under reduced pressure to afford crude
product which on further column chromatography purification on silica gel (2%
MeOH/DCM) afforded pure product 52 (0.358 g, 71% yield) as a white solid; mp 203-
205 °C; (Found: C, 68.82; H, 8.53 Anal. Calcd. for CooHy407: C, 69.02; H, 8.79); IR (cm’
": 1701, 1724, 1733; '"H NMR (200 MHz, CDCl3): § 0.77 (s, 3H, CH3-18), 0.82 (d, J =
6.1 Hz, 3H, CHs-21), 1.02 (s, 3H, CH3-19), 2.07 (s, 3H ), 2.11 (s, 3H ), 2.98 (dd, /= 13.4
and 15.3 Hz, 1H), 3.66 (s, 3H ), 4.99 (bs, 1H), 5.13 (bs, 1H); °C NMR (50 MHz, CDCl;):
6 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, 170.2, 174.3, 211.9; MS

(LCMS) m/z: 505.61 (M+ 1)", 527.68 (M+ Na)".

Compound 53: Compound 52 (1 g, 1.98 mmol) and 48 (0.722 g, 2.37 mmol) were
dissolved in dry DCM;MeOH (20 mL) under an argon atmosphere and the solution was
cooled to 10 °C. NaBH3CN (sodium cyanoborohydride) were added and stirring was

continued for 30 min. The reaction mixture was allowed to warm to room temperature
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and the pH was adjusted with acetic acid to 5-6. The reaction mixture was allowed to
stirred for 14 h. The solvent was evaporated under reduced pressure and the residue was
dissolved in DCM (300 mL). The organic phase was treated with 0.1 N HCI (30 mL), 5%
NaHCO; (30 mL) and washed successively water and brine, dried over anhydrous
Na,S04. The solvent was evaporated to afford epimeric mixture of polyamine at C-3
position, compound 53 (1.06 g, 68% yield) as a white powder; IR Vmax (Nujol)/(cm™)
1683, 1716, 1738, 3371; 6y (CDCl3, 200 MHz) 0.73 (s, 3H), 0.83 (d, 3H, J = 6 Hz), 0.92
(s, 3H), 1.42 (s, 9H), 1.46 (s, 9H), 2.60-2.95 (m, 3H), 3.30 (bs, 6H), 3.66 (s, 3H), 4.89 (bs,
1H), 5.09 (bs, 1H); MS (LCMS) m/z 815.3512 [M+Na]’; MS (MALDI-TOF) m/z

791.7380 [M]".

Compound 54 and 55: To a 250 mL round bottom flask were added compound 53 (1.0
g, 1.26 mmol) in dry THF (100 mL) and LiAIH4 (0.100 g, 3.78 mmol) at 0 °C under
nitrogen atmosphere. After stirring the reaction mixture for 1 h at 0 to 25 °C, saturated
aqueous Na,SO4 was introduced slowly. The reaction mixture was stirred for further 30
min. The solvent was removed at reduced pressure and the residue was extracted with
ethyl acetate. The usual work up afforded crude product. This was further purified by
column chromatography on silica gel (DCM/MeOH, 96:4) to afford compound 54 (0.214
g, 25%) and 55 (0.188 g, 22%) as a white solid.

Compound 54: Mp 141-144 °C; [alp?’ + 26.13 (¢ 1.13, CHCLs); Anal. Calcd. for
Cs3HgoNOs: C, 67.12; H, 10.23; N, 6.18 Found: C, 67.01; H, 10.35; N, 6.44; IR vpax
(Nujol)/(cm™) 1697, 3398; '"H NMR (CDCls, 400 MHz) 6 0.69 (s, 3H), 0.90 (s, 3H), 1.00
(d, 3H, J = 6.23 Hz), 1.42 (s, 18H), 3.10-3.40 (m, 7H), 3.60 (m, 3H), 3.85 (bs, 1H), 3.99
(bs, 1H), 5.12 (bs, 1H); *C NMR (CDCls, 125.76 MHz) § 12.5, 17.7, 22.7, 23.1, 24.6,

26.5, 27.6, 28.2, 28.4x6, 29.4, 31.8, 33.1, 34.6, 35.5, 35.9, 38.7, 38.8, 39.4, 41.9, 42.0,
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43.5, 44.1, 46.5, 47.4, 52.8, 63.2, 68.3, 73.1, 79.1, 156.2, 161.1; MS (LCMS) m/z

680.8154 [M+1]".

Compound 55: Mp 157-159 °C; [o]p’’ + 20.96 (¢ 1.093, CHCl3); Anal. Calcd. for
Ci33HgoNOs: C, 67.12 Found: C, 67.23; H, 10.31; N, 6.39; H, 10.23; N, 6.18; IR viax
(Nujol)/(cm™) 1693, 3412; 'H NMR (CDCls, 400 MHz) § 0.69 (s, 3H), 0.93 (s, 3H), 1.01
(d, 3H, J = 6.45 Hz), 1.43 (s, 18H), 3.20-3.45 (m, 8H), 3.59 (t, 2H, J=5.73 and 11.1Hz ),
3.83 (bs, 2H), 3.97 (bs, 1H), 5.46 (bs, 1H); °C NMR (CDCls, 125.76 MHz) § 12.4, 17.8,
22.3, 235, 23.8, 27.6, 28.2, 28.4x6, 29.4, 32.1, 32.2, 32.9, 34.6, 34.8, 35.6, 37.7, 38.5,
38.9, 41.2, 41.6, 43.0, 43.8, 46.3, 47.2, 49.2, 63.3, 68.4, 73.1, 78.9, 156.4, 162.1; MS

(LCMS) m/z 680.8689 [M+1]".

Compound 56: Mp 136-138 °C; [a]p”’ + 28.49 (¢ 0.754, MeOH); Anal. Calcd. for
CisHgoNOs: C, 67.12; H, 10.23; N, 6.18 Found: C, 67.01; H, 10.35; N, 6.44; IR Vpax
(Nujol)/(cm™) 1697, 3398; 'H NMR (CDCls, 400 MHz) § 0.69 (s, 3H), 0.92 (s, 3H), 1.01
(d, 3H, J = 6.241 Hz), 3.14-3.38 (m, 7H), 3.64 (m, 3H), 3.83 (bs, 1H), 3.95 (bs, 1H), 5.39

(bs, 1H); MS (LCMS) m/z 480.5765 [M+1]".

Compound 57: Mp 128-131 °C; [a]p™® + 23.44 (¢ 0.796, MeOH); Anal. Calcd. for
CssHgoNOs: C, 67.12; H, 10.23 Found: C, 67.23; H, 10.31; N, 6.39; N, 6.18; IR vpax
(Nujol)/(cm™) 1693, 3412; "H NMR (CDCls, 400 MHz) 6 0.69 (s, 3H), 0.94 (s, 3H), 1.03
(d, 3H, J = 6.39 Hz), 3.24-3.40 (m, 8H), 3.60 (t, 2H, J= 5.81 and 12.3Hz ), 3.82 (bs, 2H),

3.98 (bs, 1H), 5.62 (bs, 1H); MS (LCMS) m/z 480.4715 [M+17]".

Compound 58: (Methyl 3-keto-7ea,12a-dihydroxy-54-cholan-24-oate) Reaction was
carried out in Dean Stark apparatus. To a solution of 50 (2 g, 4.926 mmol) in toluene (20

mL), well dried freshly prepared unhydrous Ag,COs on celite (5.96 g, 21 mmol) was
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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
under reduced pressure to obtain crude product 58 which on further purification by
column chromatography (1.5% Methanol:DCM) afforded pure product 58 (1.850 g) in
92% yield. [Preparation of the Ag,COs on celite: AgNOs (34 g) was dissolved in 200 mL
distilled water, the purified celite, 30 g (Celite was washed with 10% methanolic HCI,
then with distilled water to neutrality and dried in oven at 120 °C for 24 h) was added.
The mixture was stirred for 10 to 15 min and Na,COs.10H,0, (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 use’”]. White solid,
Yield: 92%; mp 170 °C (1it®*®' 173-175 °C); Anal. Caled for CasH40Os: C, 71.39; H, 9.59
Found: C, 69.99; H, 9.43; IR (cm™): 1708, 1728; "H NMR (200 MHz, CDCls): & 0.72 (s,
3H, CHs-18), 0.97 (d, 3H, J = 6.1 Hz, CHs-21), 0.99 (s, 3H, CH3-19), 3.40 (dd, 1H, J =
13.5 Hz), 3.67 (s, 3H ), 3.92 (bs, 1H), 4.02 (bs, 1H); *C NMR (50 MHz, CDCl5): & 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; MS (LCMS) m/z: 421.47 M + 1)".

Compound 59: Compound 58 (1 g, 2.38 mmol) and 48 (0.872 g, 2.85 mmol) were
dissolved in dry DCM:MeOH (20 mL) under an argon atmosphere and the solution was
cooled to 10 °C. NaBH3CN (sodium cyanoborohydride) were added and stirring was
continued for 30 min. The reaction mixture was allowed to warm to room temperature
and the pH was adjusted with acetic acid to 5-6. The reaction mixture was allowed to
stirred for 12 h. The solvent was evaporated under reduced pressure and the residue was

dissolved in DCM (300 mL). The organic phase was treated with 0.1 N HCI1 (30 mL), 5%
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NaHCO; (30mL) and washed successively with water and brine, dried over anhydrous
Na,SO4. The solvent was evaporated to afford epimeric mixture of polyamine at C-3
position, compound 59 (1.03 g, 61% yield) as a white powder; IR Vmax (Nujol)/(cm™)
1687, 1717, 1737, 3335, 3470; on (CDCl3, 200 MHz) 0.67 (s, 3H), 0.91 (s, 3H), 0.97 (d,
3H, J=6.21 Hz), 1.42(s, 9H), 1.46 (s, 9H), 3.05-3.50 (m, 6H), 3.66 (bs, 6H), 3.84 (s, 1H),
3.96 (bs, 1H), 5.51 (bs, 1H); MS (LCMS) m/z 730.6129 [M+Na]"; MS (MALDI-TOF)

m/z 707.7441 [M]".

Compound 61: A solution of compound 60 (0.61g, 10 mmol) in a mixture of dioxane (20
mL), water (10 mL) and 1N NaOH (10 mL) was stirred and cooled in an ice-water bath.
Di-tert-butyl dicarbonate (Boc anhydride) (2.4 g, 11 mmol) was added and stirring was
continued at room temperature for 30 min. The solution was concentrated under vacuum
to about 10 to 15 mL, cooled in an ice-water bath, covered with a layer of ethyl acetate
(30 mL) and acidified with a dilute solution of KHSO4 to pH 2-3. The usual work up
procedure afforded crude product, which on further column chromatographic purification
using silica gel afforded compound 61 (1.57 g, 98% yield) as a viscous, colorless oil; IR
Vimax (Nujol)/(cm™) 1678, 2926, 3380 (br); dy (CDCls, 200 MHz) 1.41 (s, 9H), 3.31 (bs,
2H), 3.71 (bs, 2H,), 4.79 (bs, 1H); Jc (CDCl;, 50.32 MHz) 28.2x3, 42.8, 61.6, 79.3,

156.6; MS (LCMS) m/z 184.2113 [M+Na]".

Compound 62: Compound 61 (1.4 g, 8.68 mmol) and 2-lodoxybenzoic acid (IBX) (5.6
g, 17.36 mmol) were dissolved in dry DMSO (25 mL) and the reaction mixture was
allowed to warm to room temperature and was stirred for 4 h. The solvent was evaporated
and the residue was dissolved in ethyl acetate (200 mL). The organic phase was washed

successively with water, and brine, dried over anhydrous Na,SO4 and the solvent was
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evaporated afforded crude product which was used without further purification. IR vyax

(Nujol)/(cm™) 1666, 1708, 2921.

Compound 64: Compound 64 was synthesized using N-(2-aminoethyl) ethanolamine 63
(1.5 g, 14.4 mmol) as per the procedure mentioned for compound 61. Compound 64 (4.25
g, 87% yield) was obtained as viscous, colorless oil; IR Vimax (Nujol)/(cm™) 1672, 1778,
2968, 3351 (br); ou (CDCl3, 200 MHz) 1.42 (s, 9H), 1.46 (s, 9H), 3.34 (bs, 6H), 3.72 (bs,
2H,), 4.94 (bs, 1H); dc (CDCls, 50.32 MHz) 28.2x6, 39.5, 48.3, 50.9, 61.3, 79.2, 80.1,

156.4, 156.5; MS (LCMS) m/z 305.2269 [M+1]".

Compound 65: Compound 65 was synthesized using Compound 64 as per the procedure
mentioned for compound 62. Compound 65 was obtained as crude product which was

used without further purification. IR Vimax (Nujol)/(cm™) 1671, 1709, 1780.

Compound 66: To a reaction mixture of compound 64 (1.000 g, 3.28 mmol) in dry DCM
(20 mL) was added triethylamine (0.68 mL, 4.92 mmol). Methane sulfonyl chloride (0.28
mL, 3.60 mmol in 5 mL DCM) was added drop wise in 10 min at 0 °C, and ice was added
to the reaction mixture immediately after addition was complete. The reaction mixture
was extracted with DCM. Organic layer was washed with NaHCO3, water, and brine.
Solvent was evaporated under reduced pressure. The crude product obtained was used

without further purification.

Compound 67: The compound 66 and ethanolamine 60 (3 mL) were heated at 80 °C for
7 h. The reaction mixture was cooled to room temperature, diluted with water (50 mL),
and extracted with DCM (3x 100 mL). The organic portion was washed with brine, dried

over Na,;SQy, concentrated, and used in the next reaction without purification.
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Compound 68: Di-fert-butyl dicarbonate (0.906 mL, 3.94 mmol) was added to the above
crude product compound 67 and Et;N (0.548 mL, 3.94 mmol) in DCM (10 mL) and the
reaction mixture was stirred further at 23 °C for 3 h. The reaction mixture was washed
with water, brine, dried over Na,SOs, and concentrated. The product was further purified
by flash chromatography on Flash silica gel column (DCM/MeOH, 99:1) to afford
compound 68 (1.277 g, 87% yield, after three steps) as colourless, viscous oils; Anal.
Calcd. for C,1H41N;507: C, 56.35; H, 9.23; N, 9.39 Found: C, 56.57; H, 9.61; N, 9.11; IR
Vimax (Nujol)/(cm™) 1687, 1704, 1780, 2967, 3340; oy (CDCls, 200 MHz) 5y (CDCls, 200
MHz) 1.42 (s, 9H), 1.45 (s, 18H), 3.23-3.5 (m, 10H), 3.72 (bs, 2H,); dc (CDCls, 50.32
MHz) 28.3x9, 39.3, 45.8, 46.6, 47.8, 51.0, 62.1, 79.8, 80.2, 80.3, 156.0, 156.2, 156.7; MS

(LCMS) m/z 448.4720[M+1]", 470.4547[M+Na]".

Compound 69: Compound 68 (0.200 g, 0.45 mmol) and 2-lodoxybenzoic acid (IBX)
(0.280 g, 0.9 mmol) were dissolved in dry DMSO (5 mL) and the reaction mixture was
allowed to warm to room temperature and was stirred for 4 h. The solvent was evaporated
and the residue was dissolved in ethyl acetate (200 mL). The organic phase was washed
successively with water, and brine, dried over anhydrous Na,SO4 and the solvent was
evaporated afforded crude product compound 69 which was used without further

purification.

Compound 70: Compound 66 was synthesized using compound 64 (1.000 g, 3.28 mmol)
as per the procedure mentioned above for compound 66. The crude product compound 66
and N-(2-aminoethyl) ethanolamine 63 (4 mL) were heated at 90 °C for 6 h. The reaction
mixture was cooled to room temperature, diluted with water (50 mL), and extracted with
DCM (3X 100 mL). The organic portion was washed with brine, dried over Na,SOy,

concentrated, and used in the next reaction without purification.
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Compound 71: Di-tert-butyl dicarbonate (1.81 mL, 7.88 mmol) was added to the above
crude product compound 70 and Et;N (1.1 mL, 7.88 mmol) in CHCl; (20 mL) and the
reaction mixture was stirred further at 26 °C for 3 h. The reaction mixture was washed
with water, brine, dried over Na,SOs, and concentrated. The product was further purified
by flash chromatography on Flash silica gel (DCM/MeOH, 98:2) to afford compound 71
(1.61 g, 83% yield, after three steps) as colorless, viscous oils; Anal. Caled. for
CasHs4N4Og: C, 56.93; H, 9.21; N, 9.48 Found: C, 57.04; H, 9.47; N, 9.40; IR Vmax
(Nujol)/(cm™) 1681, 1687, 1700, 1703, 2979, 3351; dy (CDCls, 200 MHz) 1.42 (s, 9H),
1.44 (s, 9H), 1.45 (s, 18H), 3.20-3.6 (m, 14H), 3.72 (bs, 2H,); dc (CDCl;, 50.32 MHz)
28.3x12,39.4, 45.5, 46.4, 46.6, 46.7, 51.5, 52.4, 61.9, 79.2, 79.8, 80.0, 80.1, 155.2, 155.6,

155.8, 156.7; MS (LCMS) m/z 591.5941[M+1]", 613.5807[M+Na]".

Compound 72: Compound 71 (0.200 g, 0.338 mmol) and 2-lodoxybenzoic acid (IBX)
(0.190 g, 0.677 mmol) were dissolved in dry DMSO (5 mL) and the reaction mixture was
stirred for 6 h at 25 °C. The solvent was evaporated and the residue was dissolved in ethyl
acetate (100 mL). The organic phase was washed successively with water, and brine,
dried over anhydrous Na,SO, and the solvent was evaporated afforded crude product
Compound 72 which was used without further purification. IR v,y (Nujol)/(cm'l) 1670,

1687, 1709, 2981.

Compound 73: (Methyl 3a-mesyl-7,12 a-dihydroxy-54-cholane-24-oate) To a solution
of 50 (1.0 g 2.4 mmol) in dry DCM (20 mL) was added Et;N (0.36 mL, 2.6 mmol) at 0
°C. Methane sulfonyl chloride (MsCl) (0.2 mL, 2.6 mmol) was added drop wise in 10 min
at 0 °C, and ice was added to the reaction mixture immediately after addition was
complete. The reaction mixture was extracted with DCM. Organic layer was washed with

NaHCOs;, water, and brine. Solvent was evaporated under reduced pressure to obtain
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crude product as a white solid which was generally used in the next step without further
purification. Mp. 83-85 °C; [a]p>> +29.98 (CHCl;, ¢ 0.9); Anal. Calcd. for CysHa40-S: C,
62.37; H, 8.86; S, 6.40 Found: C, 62.23; H, 8.92; S, 6.23; IR vy (Nujol) 3460, 1728 cm’
', 'H NMR (CDCl3, 200 MHz) & 0.69 (s, 3H), 0.91 (s, 3H), 0.99 (d, 3H, J = 6.06 Hz),
2.99 (s, 3H), 3.67 (s, 3H), 3.88 (bs, 1H), 4.00 (bs, 1H), 4.51 (m, 1H); °C NMR (CDCl;,
50 MHz) & 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; MS (LCMS m/z

501.07 [M+H]", 523.17 [M+Na]".

Compound 74: (Methyl 3f#-azido-7a,12 a-dihydroxy-58-cholane-24-oate) To a solution
of 73 (0.5 g, 1.0 mmol) in dry DMF (10 mL) solid sodium azide (0.325 g, 5.0 mmol) was
added and stirring was continued at 60 °C for 8 h and allowed to cool to room
temperature. It was then poured in to ice cold water (30 mL) and extracted with EtOAc
(3x50 mL). The organic extract was washed with cold water (3x50 mL), brine (25 mL)
and was dried over Na,SO4. Solvent was evaporated under reduced pressure to afford
crude product 74. Purification by column chromatography on silica gel (10 % EtOAc/PE)
produced compound 74 (0.402 g, 94% yield) as a white solid; mp = 169-170 °C (it.”* 157
°C); [a]p™® + 22.45 (MeOH, ¢ 1.16), (1it.** + 23.7); (Found: C, 67.21; H, 9.18; N, 9.31
Anal. Calcd. for CsH41N304: C, 67.08; H, 9.23; N, 9.39); IR vmax (Nujol) 1728, 2098,
3439 cm™; 'H NMR (CDCls, 200 MHz) & 0.70 (s, 3H), 0.93 (s, 3H), 0.97 (d, 3H, J = 6.06
Hz), 3.86-3.89 (bs, 2H), 3.99 (bs, 1H); °C NMR (CDCl;, 50 MHz) & 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, 68.4,70.0, 174.7; MS (LCMS) m/z 448.24 [M+H]", 470.22 [M+Na]".
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Compound 75: (Methyl 38-amino-7a,12 a-dihydroxy-54-cholane-24-oate)

Compound 74 (0.25 g, 0.54 mmol) in MeOH (15 mL) was hydrogenated at 28 °C and 40
psi pressure using 10 % Pd/C (25 mg) for 4 h. After filtration of the catalyst and
evaporation of the solvent, afforded compound 75 (0.225 g, 87 %) as a white solid, mp
227-230 °C dec. (lit.** 225-230 °C dec.): [a]p> + 27.12 (MeOH, ¢ 1.08); Anal calcd for
CysH43NOy4: C, 71.22; H, 10.28; N, 3.32 Found: C, 71.41; H, 9.98; N, 3.01; IR vpax
(Nujol) 1732, 3439 cm™; '"H NMR (CDCls, 200 MHz) & 0.68 (s, 3H), 0.94 (s, 3H), 0.99
(d, 3H, J = 6.0 Hz), 3.29 (bs, 1H), 3.66 (s, 3H), 3.84 (bs, 1H), 3.97 (bs, 1H); °C NMR
(CDCl;, 50 MHz) 6 12.4, 17.2, 22.8, 23.3, 25.7, 27.4, 27.5, 28.4, 29.8, 30.8, 31.1, 34.7,
35.3, 35.4, 35.9, 39.3, 41.5, 46.3, 46.4 (2C), 47.1, 51.4, 68.2, 73.0, 174.8; MS (LCMS)

m/z 422.2417 [M+H]", 444.5211 [M+Na]".

{Modified high yield protocol: Overnight stirring of cholic acid 49 in dry methanol using
a catalytic amount of p-TSA followed by selective mesylation, nucleophilic displacement
with sodium azide and hydrogenation of azido functionality using Pd-C furnished 3f-
amino methyl cholate 75 as a white solid with an overall yield of 77 % in four steps and

using only one final chromatographic purification. }

Compound 76: Compound 75 (1 g, 2.37 mmol) and 62 (0.414 g, 2.61 mmol) were
dissolved in dry DCM;MeOH (20 mL) under an argon atmosphere and the solution was
cooled to 10 °C. NaBH3CN (sodium cyanoborohydride) were added and stirring was
continued for 30 min. The reaction mixture was allowed to warm to room temperature
and the pH was adjusted with acetic acid to 5-6. The reaction mixture was allowed to
stirred for 10 h. The solvent was evaporated under reduced pressure and the residue was
dissolved in DCM (300 mL). The organic phase was treated with 0.1 N HCI1 (30 mL), 5%

NaHCO; (30mL) and washed successively water and brine, dried over anhydrous Na,SO4
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and the solvent was evaporated. The residue was purified by flash chromatography on
silica gel (DCM/MeOH, 23:2) to afford compound 76 (1.01 g, 77%) as a white powder.
mp 95-97 °C; [o]p** + 20.70 (¢ 0.97, MeOH); Anal. Calcd. for C3,Hs¢N,Og C, 67.87; H,
10.12; N, 4.80 Found: C, 68.05; H, 9.99; N, 4.96; IR Vma (Nujol)/(cm™) 1672, 1705,
1714, 1737, 3386, 3502; 6 (CDCls, 400 MHz) 0.68 (s, 3H), 0.96 (s, 3H), 0.98 (d, 3H, J =
5.91 Hz), 1.44 (s, 9H), 2.74 (m, 1H), 3.22 (bs, 2H), 3.40 (s, 1H), 3.48 (bs, 2H), 3.66 (s,
3H), 3.87 (bs, 1H), 4.0 (bs, 1H), 5.82 (bs, 1H); dc (CDCl3, 100.61 MHz) 12.4, 17.2, 21.8,
22.3,23.1, 26.1, 27.5, 28.3x3, 29.6, 30.1, 30.8, 31.1x2, 33.6, 35.1, 35.3, 36, 38.2, 39.2,
41.6, 46.3, 47.1, 48.3, 51.5, 55.7, 68.0, 72.9, 81.3, 159.0, 174.9; MS (LCMS) m/z

565.5936 [M+Na]"; MS (MALDI-TOF) m/z 565.0380 [M]".

Compound 77: Compound 75 (1.0 g, 2.37 mmol) and 65 (0.814 g, 2.61 mmol) were
coupled to furnish compound 24 following the same procedure as described for
compound 76. The residue was further purified by flash chromatography on silica gel
(DCM/MeOH, 93:7) to afford compound 77 (1.223 g, 74%) as a white powder. mp 104-
106 °C; [a]lp™®! + 24.89 (c 0.884, MeOH); Anal. Calcd. for C3oHeN3Og C, 66.38; H,
10.21; N, 5.78 Found: C, 66.16; H, 9.82; N, 5.94; IR vimsx (Nujol)/(cm™) 1681, 1697,
1712, 1731, 3380, 3488; oy (CDCls, 400 MHz) 0.69 (s, 3H), 0.96 (s, 3H), 0.99 (d, 3H, J =
6.53 Hz), 1.42 (s, 9H), 1.48 (s, 9H), 2.74 (m, 1H), 3.05-3.34 (m, 6H), 3.39 (m, 2H), 3.61
(s, 1H), 3.66 (s, 3H), 3.87 (bs, 1H), 4.0 (s, 1H), 4.99 (bs, 1H); Jc (CDCls, 100.61 MHz)
12.5,17.3,21.7,22.3, 23.1, 26.2, 27.5, 28.3x3, 28.4x3, 29.5, 30.1, 30.8, 31.0x2, 33.7, 35,
35.2,35.9,39.2,39.6,41.7,46.4, 46.7, 47.0, 47.2, 50.1, 51.5, 55.9, 68.0, 72.8, 79.9, 82.2,
156.5, 158.3, 174.8; MS (LCMS) m/z 708.5852 [M+1]"; MS(MALDI-TOF) m/z 707.8965

[M]", 708.8931 [M+1]".
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Compound 78: Compound 75 (1.0 g, 2.37 mmol) and 69 (1.098 g, 2.61 mmol) were
coupled to furnish compound 78 following the same procedure as described for
compound 76. The residue was further purified by flash chromatography on silica gel
(DCM/MeOH, 93:7) to afford compound 78 (1.431 g, 71%) as a white powder. mp 111-
114 °C; [o]p*®® + 20.45 (¢ 0.88, MeOH); Anal. Caled. for C4Hg:N4Oy0 C, 64.91; H, 9.71;
N, 6.58 Found: C, 64.66; H, 9.86; N, 6.41; IR Vinax (Nujol)/(cm™) 1671, 1691, 1721, 1734,
3361, 3498; Ju (CDCl3, 500 MHz) 0.69 (s, 3H), 0.97 (d, 3H, J = 6.33 Hz), 1.00 (s, 3H),
1.43 (s, 9H), 1.45 (s, 9H), 1.47 (s, 9H), 2.79 (m, 1H), 3.07-3.51 (m, 12H), 3.62 (bs, 1H),
3.66 (s, 3H), 3.88 (bs, 1H), 4.0 (s, 1H); dc (CDCls, 125.76 MHz) 12.5, 17.3, 20.6, 21.8,
223, 23.0, 26.3, 27.7, 28.3x9, 29.5, 30.1, 30.8, 33.6, 35, 35.1, 35.9, 38.9, 39.2, 40.7,
41.7, 41.8, 45.6, 46.4, 46.8, 46.9, 47.2, 47.8, 51.5, 56.2, 67.9, 72.8, 79.5, 81.0, 82.2,

156.0, 156.1, 156.3, 174.7; MS (LCMS) m/z 852.0163 [M+1]".

Compound 79: Compound 75 (1.0 g, 2.37 mmol) and 72 (1.534 g, 2.61 mmol) were
coupled to furnish compound 79 following the same procedure as described for
compound 76. The residue was further purified by flash chromatography on silica gel
(DCM/MeOH, 93:7) to afford compound 79 (1.624 g, 69%) as a white powder. mp 113-
115 °C; [a]p>** + 23.40 (¢ 0.94, MeOH); Anal. Calcd. for Cs3HosNsOp, C, 64.02; H, 9.63;
N, 7.04 Found: 64.41; H, 9.44; N, 7.10; IR Vinax (Nujol)/(cm™) 1677, 1685, 1714, 1735,
3342, 3456; on (CDCls, 500 MHz) 0.66 (s, 3H), 0.96 (d, 3H, J = 6.13 Hz), 0.97 (s, 3H),
1.41 (s, 9H), 1.44 (s, 27H), 2.71 (m, 1H), 3.00-3.51 (m, 16H), 3.59 (bs, 1H), 3.64 (s, 3H),
3.84 (bs, 1H), 3.97 (s, 1H); Jc (CDCls, 125.76 MHz) 12.4, 17.2, 21.7, 22.2, 22.4, 23.1,
26.1,26.3,27.4,28.3x12,29.4,29.5, 30.1, 34.9, 35.1, 39.2, 41.7, 44.8, 44.9, 45.1, 46.4x2,
47.2,47.4, 47.6, 51.5, 67.9, 72.8, 79.1, 80.3, 80.4, 80.8, 155.2 155.9, 156, 156.1 174.7;

MS (LCMS) m/z 995.2748 [M+1]".
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General procedure for synthesis of compounds 84, 85, 86 and 87: LiOH (2M in H,0, 1
mL) was added to a solution of compound 76 (0.141 g, 0.25 mmol) in methanol (5 mL).
The mixture was stirred at room temperature for 12 h and the solvent was removed in
vacuo. The white residue was dissolved in cold water. Citric acid (5%) was added until
pH = 7-8. The residue was filtered, washed with water and diethyl ether and dried

thoroughly under vacuum to afford compounds 84 (0.124 g, 87% yield) as a white solid.

Compounc 84: mp 164-165 °C; [a]p**® + 21.76 (¢ 1.195, MeOH); Anal. Calcd. for
C;31Hs4N-Og: C, 67.84; H, 9.91; N, 5.20 Found: C, 67.60; H, 9.88; N, 5.09; IR Vmax
(Nujol)/(cm™) 1649, 1672, 1679, 1703, 1714, 3350, 3386; Jn (CD;OD, 500 MHz) 0.65
(s, 3H), 0.94 (s, 3H), 0.96 (d, 3H, J = 6.05 Hz), 1.39 (s, 9H), 2.74 (m, 1H), 3.05 (m, 2H),
3.28 (s, 1H), 3.32 (m, 2H), 3.74 (bs, 1H), 3.91 (bs, 1H); dc (CD;0D, 125.76 MHz) 13.1,
17.7, 22.7, 23.0, 24.2, 27.8, 28.7x3, 29.7, 30.7, 30.8, 31.3, 33.0, 33.9, 35.0, 36.2, 37.0,
37.3,38.3,40.9, 43.0, 45.9, 47.5, 48.2, 56.5, 68.7, 73.8, 81.1, 159.4, 180.5; MS (MALDI-

TOF) m/z 550.9230 [M]".

Compound 85: From compound 77 (0.177 g, 0.25 mmol); Yield (0.161 g, 89%); mp
139-140 °C; [a]p"® + 18.60 (¢ 1.075, MeOH); Anal. Calcd. for C3sHg7N305 C, 65.96; H,
10.02; N, 6.41 Found: C, 65.77; H, 9.73; N, 6.06; IR vpax (Nujol)/(cm'l) 1650, 1660,
1693, 1703, 1712, 3371; Ju (CDs;OD, 500 MHz) 0.67 (s, 3H), 0.95 (s, 6H), 1.38 (s, 9H),
1.44 (s, 9H), 2.77 (m, 1H), 3.00-3.21 (m, 4H), 3.29 (m, 2H), 3.33 (bs, 1H), 3.51 (bs, 2H),
3.75 (bs, 1H), 3.92 (s, 1H); dc (CDs;0OD, 125.76 MHz) 13.1, 17.8, 22.8, 23.0, 24.2, 27.8,
28.7x3, 28.9x3, 29.6, 30.9, 31.5, 33.3, 34.6, 35.0, 36.2, 37.1, 37.5, 40.0, 40.9 42.9, 46.1,
46.3, 46.7, 47.6, 48.2, 50.0, 56.6, 68.7, 73.8, 80.2, 82.5, 158.5, 158.8 181.3; MS

(MALDI-TOF) m/z 693.9260 [M]".
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Compound 86: From compound 78 (0.212 g, 0.25 mmol); Yield (0.182 g, 87%); mp
145-148 °C; [a]p™*+ 21.93 (¢ 1.55, MeOH); Anal. Calcd. for C4sHgoN4O1o C, 64.56; H,
9.63; N, 6.69 Found: C, 64.69; H, 9.48; N, 6.22; IR Vyay (Nujol)/(cm™) 1685, 1699, 1711,
3460; o (CD;0D, 500 MHz) 0.63 (s, 3H), 0.92 (s, 3H), 0.94 (s, 3H), 1.34 (s, 9H), 1.38
(s, 9H), 1.39 (s, 9H), 2.72 (m, 1H), 2.90-3.40 (m, 12H), 3.48 (bs, 1H), 3.72 (bs, 1H), 3.89
(bs, 1H); c (CDs;OD, 125.76 MHz) 13.0, 17.7, 22.7, 23.0, 24.2, 27.7, 28.7x3, 28.9x6,
29.6,30.9,31.4, 33.1, 34.1, 35.0, 36.2, 37.1, 37.5, 40.9, 42.9, 45.7, 45.8, 46.0, 46.4, 47 4,
47.5,47.9,48.2, 56.6, 68.7, 73.8, 80.0, 81.5, 82.6, 157.3, 158.4, 158.6 180.8; MS (LCMS)

m/z 838.2438 [M+1]".

Compound 87: From compound 79 (0.248 g, 0.25 mmol); Yield (0.208 g, 85%); mp
123-127 °C; [a]p™® + 21.81 (¢ 1.1, MeOH); Anal. Calcd. for Cs;HosNsOy, C, 63.71; H,
9.56; N, 7.14) Found: C, 63.85; H, 9.73; N, 7.47; IR Vpa (Nujol)/(cm™) 1681, 1693,
1716, 3392; oy (CDs0OD, 400 MHz) 0.65 (s, 3H), 0.93 (s, 3H), 0.95 (s, 3H), 1.35 (s, 9H),
1.39 (s, 18H), 1.42 (s, 9H), 2.71 (m, 1H), 3.01-3.42 (m, 16H), 3.49 (bs, 1H), 3.73 (bs,
1H), 3.90 (bs, 1H); dc (CD;OD, 125.76 MHz) 13.0, 17.7, 22.7, 23.1, 24.2, 27.7, 28.8x12,
29.6, 30.8, 31.4, 32.8, 33.2, 36.2, 36.9, 37.5, 40.9, 43.0, 45.3x2, 45.8, 45.9, 45.97, 46.0,
46.5,47.5, 48.1, 48.4, 56.8, 68.6, 73.8, 80.0, 81.4, 81.6, 82.6, 157.2, 158.4, 158.4, 158.7,

179.7; MS (LCMS) m/z 981.3905 [M+1]".

General procedure for the syntheses of compounds 80, 81, 82 and 83 and also for
Compounds 88, 89, 90 and 91: A solution of compound 76 (0.056 g, 0.1 mmol) in 2M
HCIL:Et,O (5 mL) was stirred at 0 °C for 30 min and additionally at 25 °C for 1.5 h. The
volatiles were removed under vacuum, and the residue was dried thoroughly to afford

compound 80 (0.039 g, 85% yield).
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Compound 80: [a]p®® +28.89 (¢ 0.91 MeOH); Anal. Calcd. for C7HisN,O4HCI C,
64.19; H, 9.64; N, 5.84 Found: C, 64.11; H, 9.73; N, 5.75; IR Vinax (Nujol)/(cm™) 1718,
1732, 3417, 3446; ou (CD;0OD, 500 MHz) 0.69 (s, 3H), 0.98 (s, 3H), 0.99 (s, 3H), 2.84
(m, 1H), 3.33 (m, 4H), 3.44 (bs, 1H), 3.62 (s, 3H), 3.78 (bs, 1H), 3.95 (bs, 1H); Jc
(CD;0D, 50.32 MHz) 12.9, 17.5, 22.5, 22.7, 24.1, 27.7, 28.7, 29.6, 30.5, 31.2, 31.8, 32.2,
34.8,36.1, 36.8, 37.1, 37.2, 40.9, 43.0, 44.0, 47.5, 47.9, 52.0, 57.9, 68.6, 73.8, 176.5; MS

(MALDI-TOF) m/z: 465.3312 [M+1]", 561.1602 [M+Na]".

Compound 81: From compound 77 (0.071 g, 0.1 mmol); Yield (0.045 g, 88% yield);
[a]p>! +21.25 (¢ 1.58, MeOH); Anal. Calced. for C20Hs3N3042HCL: C, 59.71; H, 9.76; N,
7.33 Found: C, 59.98; H, 9.55; N, 7.24; IR Vimax (Nujol)/(cm™) 1720, 1739, 3394, 3448; oy
(CD;0D, 500 MHz) 0.72 (s, 3H), 1.1 (bs, 6H), 2.87 (m, 1H), 3.27-3.37 (m, 6H), 3.38-
3.45 (m, 3H), 3.64 (s, 3H), 3.81 (bs, 1H), 3.97 (bs, 1H); 5c (CD;0D, 125.76 MHz) 13.0,
17.5,22.5,22.6,24.1,27.7,28.7,29.6, 30.5, 31.2, 31.8, 32.2, 34.8, 36.1, 36.8, 37.1, 37.4,
40.8, 43.0, 43.6, 45.2, 46.3, 47.5, 47.9, 52.0, 58.0, 68.6, 73.8, 176.5; MS (MALDI-TOF)
m/z: 507.9 [M+17]".

Compound 82: From compound 78 (0.100 g, 0.12 mmol); Yield (0.060 g, 91% yield);
[a]p™® +37.8 (¢ 0.9, MeOH); Anal. Calcd. for C3;HssN4O43HCI C, 56.40; H, 9.31; N, 8.49
Found: C, 56.35; H, 9.58; N, 8.21; IR vpax (Nujol)/(cm'l) 1734, 3361, 3373, 3451; ou
(CD;0D, 500 MHz) 0.67 (s, 3H), 0.95 (bs, 6H), 2.80 (m, 1H), 3.16-3.48 (m, 15H), 3.59
(s, 3H), 3.75 (bs, 1H), 3.92 (bs, 1H); dc (CD;OD, 125.76 MHz) 13.0, 17.5, 22.6, 24.1,
27.8,28.7,29.6,30.6,31.2,31.9,32.2, 34.8, 36.1, 36.8, 37.2, 37.8, 40.9, 43.0, 43.8, 45.4,

46.5x2, 46.7,47.5, 48.0, 52.0, 58.1, 68.6, 73.8, 176.5; MS (LCMS) m/z: 551.9096 [M+1]-

+
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Compound 83: From compound 79 (0.100 g, 0.10 mmol); Yield (0.053 g, 90% yield);
[a]p>¥2+38 (¢ 1.00, MeOH); Anal. Calcd. for C33Hg;NsO44HCI C, 53.58; H, 9.13; N, 9.47
Found: C, 53.66; H, 9.47; N, 9.51; IR Vinax (Nujol)/(cm™) 1738, 3381, 3433; i (CD;0D,
400 MHz) 0.63 (s, 3H), 0.91 (bs, 6H), 2.77 (m, 1H), 3.32-3.52 (m, 17H), 3.55 (s, 3H),
3.72 (bs, 1H), 3.88 (bs, 1H); dc (CD;0D, 100.61 MHz) 12.9, 17.5, 22.6, 24.1, 27.8, 28.7,
29.6,30.6, 30.7, 31.2, 31.8, 32.2, 34.8, 36.1, 36.8, 37.2, 37.3, 40.9, 42.9, 43 .4, 45.3, 46.0,

46.3x2, 47.5, 48.0, 52.0, 58.1, 68.6, 73.8, 176.5; MS (LCMS) m/z: 594.9000 [M+1]".

Compound 88: From compound 84 (0.055 g, 0.1 mmol); Yield (0.041 g, 92% yield);
[a]p?® +22.72 (¢ 0.88, MeOH); Anal. Calcd. for Co6HssN,O4HCL. C, 64.33; H, 9.96; N,
5.42 Found: C, 64.11; H, 9.73; N, 5.75; IR Vs (Nujol)/(cm™) 1679, 1718, 3398; oy
(CD;0OD, 500 MHz) 0.67 (s, 3H), 0.96 (d, 6H, J = 6.32 Hz), 2.79 (m, 1H), 3.11-3.50 (m,
5H), 3.76 (bs, 1H), 3.92 (bs, 1H); dc (CDs;0OD, 125.76 MHz) 13, 17.6, 22.6, 22.7, 24.1,
27.8,28.7,29.6,30.7,31.3, 31.8, 32.3, 34.9, 36.8, 37.2, 40.9, 43.0, 43.8 44.0, 47.5, 48.0,
57.9, 68.7, 73.8, 178.3; MS (MALDI-TOF) m/z: 451.3 [M+1]".

Compound 89: From compound 85 (0.069 g, 0.1 mmol); Yield (0.046 g, 93% yield);
[a]p*®* +20.64 (¢ 0.775, MeOH); Anal. Calcd. for CosHsN3042HCI C, 59.55; H, 9.76; N,
7.36 Found: C, 59.35; H, 9.43; N, 7.42; IR Viay (Nujol)/(cm™) 1703, 1718, 3361, 3419; 6y
(CD;0D, 500 MHz) 0.68 (s, 3H), 0.96 (s, 3H), 0.97 (d, 3H, J = 6.0 Hz), 2.80 (m, 1H),
2.91-3.23 (m, 9H), 3.81 (bs, 1H), 3.98(bs, 1H); dc (CD;OD, 125.76 MHz) 13.0, 17.6,
22.6,22.7,24.1,27.9, 28.7,29.7, 30.7, 31.3, 32.0, 32.3, 34.9, 36.1, 36.8, 37.1, 37.3, 40.8,
43.0, 43.6, 45.2, 46.3, 47.5, 48.1, 57.5, 68.7, 73.8, 178.2; MS (MALDI-TOF) m/z: 494.4

[M+1]".

Compound 90: From compound 86 (0.075 g, 0.089 mmol); Yield (0.042 g, 88% yield);

[a]p™®* 424 (c 0.9, MeOH); Anal. Calcd. for C,sHsN3043HCI C, 55.76; H, 9.20; N, 8.67
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Found: C, 55.88; H, 8.93; N, 8.59; IR vy (Nujol)/(cm™) 1707, 1720, 3378, 3455; oy
(CD;0D, 500 MHz) 0.66 (s, 3H), 0.93 (s, 3H), 0.96 (d, 3H, J = 6.59 Hz), 2.77 (m, 3H),
3.00-3.42 (m, 16H), 3.41 (bs, 1H), 3.74 (bs, 1H), 3.91(bs, 1H); 6c (CD;0D, 125.76 MHz)
13.0, 17.6, 22.6, 27.8, 28.7, 29.6, 30.6, 31.2, 32.0, 32.3, 34.8, 36.1, 36.8, 37.2, 38.3, 40.9,
43.0, 43.9, 44.7, 45.3, 46.2, 46.5, 46.9, 47.5, 48.0, 58.0, 68.7, 73.8, 178.3; MS (LCMS)

m/z: 537.8801 [M+1]".

Compound 91: From compound 87 (0.075 g, 0.076 mmol); Yield (0.038 g, 85% yield);
[a]p”% +20 (¢ 0.8, MeOH); Anal. Caled. for CogHs N3O44HCI C, 52.96; H, 9.03; N, 9.65
Found: C, 53.06; H, 8.95; N, 9.75; IR Vimax (Nujol)/(cm™) 1706, 1715, 3386, 3443; dy
(CD;0D, 500 MHz) 0.64 (s, 3H), 0.92 (s, 3H), 0.94 (d, 3H, J = 6.60 Hz), 2.73 (m, 1H),
3.22-3.57 (m, 17H), 3.73 (bs, 1H), 3.90 (bs, 1H); dc (CD;0D, 125.76 MHz) 13.0, 17.6,
22.7,27.8,28.7,29.0,29.6, 30.6,31.2,32.0,32.3, 34.8, 36.1, 36.8, 37.2, 37.7, 40.9, 43.0,
43.5, 44.6, 45.2, 46.0, 46.3x2, 47.5, 48.0, 58.0, 68.7, 73.8, 178.2; MS (LCMS) m/z:

580.9363 [M+1]".

Antimicrobial Activity:

Materials and Methods. Human pathogens C. albicans and C. neoformans; saprophytes
B. poitrasii and Y. lipolytica were maintained on YPG (yeast extract, 0.3%; peptone,
0.5%; and glucose, 1%) agar slants. F. oxysporum (plant pathogen) was maintained on
PDA (potato, 20%; dextrose, 2%) agar slants at 28 °C. E. coli (NCIM 2574) and S. aureus
(NCIM 2122) were maintained on NA (beef extract, 0.3%; peptone, 0.5%; sodium
chloride, 0.5%) slants. Strains of C. albicans, C. neoformans, Y. lipolytica and B. poitrasii
were inoculated in YPG broth. C. albicans, C. neoformans and Y. lipolytica were

incubated at 28 °C where as B. poitrasii was incubated at 37 °C for 24 h. F. oxysporum

was inoculated in potato dextrose and incubated at 28 °C for 48 h whereas bacterial

48



Chapter 1

strains E. coli and S. aureus in NA broth for 24 h. All the compounds were solubilized in
DMSO, and stock solutions of 1.28 mg/mL were prepared. Amphotericin B, fluconazole,
tetracycline and erythromycin were also dissolved in DMSO, and were used as a positive

control.

MIC and ICs determination: In vitro antifungal and antibacterial activity of the newly
synthesized compounds were studied against the fungal strains viz., C. albicans, C.
neoformans, B. poitrasii, Y. lipolytica, F. oxysporum strains and bacterial strains E. coli
(NCIM 2574), and S. aureus (NCIM 2122), respectively to find out MIC (Minimum
Inhibitory Concentration) and 1Cso (50%, Inhibition of Growth) values. Experiments were
performed in triplicate under similar experimental conditions. MIC and ICsy of the
synthesized compounds were determined according to standard broth microdilution
technique as per NCCLS guidelines.”’ Testing was performed in U bottom 96 well tissue
culture plates in YPG, PD broth for fungal strains and Nutrient broth for bacterial strains.
The concentration range of tested compounds and standard was 0.25 to 128 pg/mL. The
plates were incubated at 28 °C for all the microorganisms except for B. poitrasii (37 °C),
absorbance at 600 nm were recorded to assess the inhibition of cell growth after 24 h for
B. poitrasii and Y. lipolytica, 48 h for C. albicans and F. oxysporum, 72 h for C.
neoformans and 24 h for bacterial cultures. MIC was determined as 90% inhibition of
growth with respect to the growth control and ICs, was the concentration at which 50%

growth inhibition was observed.
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Compound 48: "H NMR, 200 MHz, CDCl,
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Compound 50: °C NMR, 50.32 MHz, CDCl;
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Compound 54: "H NMR, 400 MHz, CDCl,
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Compound 58: "H NMR, 200 MHz, CDCl;
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Compound 61: °C NMR, 50.32 MHz, CDCl;
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Compound 64: °C NMR, 50.32 MHz, CDCl;
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Compound 71: "H NMR, 400 MHz, CDCl,
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Compound 75: °C NMR, 50.32 MHz, CDCl;
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, 100.61 MHz, CDCl;

Compound 76: °C NMR
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100.61 MHz, CDCl;

2l

Compound 77: °C NMR
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Chloroform-d

Compound 78: °C NMR, 125.76 MHz, CDCl;
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Compound 79: °C NMR, 125.76 MHz, CDCl;
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Methanol D4

Compound 86: °C NMR, 125.76 MHz, CD;0D
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Compound 87: °C NMR, 100.61 MHz, CD;0D
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Compound 83: °C NMR, 100.61 MHz, CD;0D
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Compound 90: °C NMR, 125.76 MHz, CD;0D
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2A.1. Abstract

A generic structure wherein fine-tuning of the molecular amphiphilicity is possible, has
been designed based on squalamine and polymyxin B (PMB). Tetrapeptide derived from
glycine and B-alanine was attached at the C-33 position of the modified cholic acid to
realize novel linear tetrapeptide-linked cholic acid derivatives. All the synthesized
compounds were tested against a wide variety of microorganisms (Gram negative
bacteria, Gram positive bacteria and fungi) and their cytotoxicity was evaluated against
human embryonic kidney (HEK293) and human mammary adenocarcinoma (MCF-7) cell
lines. While relatively inactive by themselves, these compounds interact synergistically
with antibiotics such as fluconazole and erythromycin to inhibit growth of fungi and

bacteria respectively.
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2A.2. Introduction

The dramatically rising prevalence of multidrug-resistant microbial infections over the
past few decades has become a serious health problem. In order to circumvent this
increasingly serious situation, there is an urgent need to develop new antimicrobial
therapeutics having high efficacy and low toxicity in resistant strains of infectious
organisms. The class of membrane-disrupting drugs is ideal as antimicrobial agents
because microbes are unlikely to develop resistance to them.'* As the outer membrane or
cell wall of microbes provides a protective barrier against many types of antibiotics,’
amphipathic molecules that can act synergistically with various hydrophobic antibiotics

as outer membrane permeabilizers may represent a new class of antibiotic agents.

2A.3. Literature Survey on Steroid Polyamide Conjugates

Endogenous bioactive peptides and steroids play important roles in the normal physiology
or disease process of mammalian system. Biologically active peptides are recognized to
have significant therapeutic potential.* Introduction of the aminoacid or peptide to the
steroid backbone offers a combination of a hydrophilic functional moiety as well as a
hydrophobic carrier in a same molecule and therefore represents as an important class of
molecules for drug design and development. Steroid-amino acid conjugates include such
a class of compounds in which the amino acids are linked with steroids through amide or
ester bonds. This class of conjugates covers a spectrum of important molecules in nature,
such as bufetoxin 1, a 3-arginyl derived steroid product isolated’ from the chinese
hoptoad (Figure 1). Cholyl glycine 2 and cholyl taurine 3, which exist in the bile of
animals and contains a glycyl or a taurinyl group attached to steroid. A starfish steroid,
carolisterol C 4 in which a 24-carboxylic acid functionality is linked via an amide bond to

D-cysteinolic acid was isolated from the polar extracts of the starfish Styracaster caroli
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by Minale et al.’ In view of the anti-HIV activity reported for polar sulphated sterols,’
carolisterol C was tested in the NCI’s primary anti-HIV screen and showed no protection
against the cytopathic effects of HIV-1. Triseramide 5 is a new steroid conjugate from the
starfish  Astropecten triseriatus® and Myxodermoside A is a novel marine

polyhydroxylated steroid from the starfish Myxoderma platyacanthum (Figure 1).’

o HO,S0

Figure 1

Myxodermoside A has been examined for the effects on the development of fertilized sea
urchin eggs and showed a modest activity in comparison with other pentaglycosides."
Polymastiamide A 6, is a tyrosine conjugated steroid analogue isolated from the
Norwegion marine sponge Polymastia boletiformis."' 1t is an antimicrobial metabolite,
and involves a linkage of steroid and a nonprotein aminoacid. It is the first example of a
new type of marine natural product that is formed by combination of steroid and a-amino
acid. It exhibited in vitro antimicrobial activity against various human and plant

pathogens. These types of compounds are obtained in nature having various biological
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properties and have been found to play a diversity of critical roles in a large number of

organisms.

Virtually all-natural bile salts are conjugates of a bile acid with glycine or taurine. In
certain instances small amounts of bile salts were found which were conjugates of
ornithine, arginine and lysine.'* Isolation of these conjugated acids from bile is
troublesome and uncertain,"” and pure conjugates required for experimentation are best
prepared by synthetic conjugation of the components. Bondi and Muller'* for the first
time converted cholic acid through the ester and the acid hydrazide into the azide, which
was then coupled with glycine or taurine in an alkaline medium. Bellini et al reported'
number of amino acid conjugates of cholic acid other than with glycine or taurine. A
number of them showed antimicrobial activity. To investigate the substrate specificity of
bile acid transport across the liver in vivo, Ballatore et al have synthesized'® and studied
cholic acid conjugates of variety of amino acids. Considering both biological and
chemical interest of steroidal polypeptides, Agarwal et al reported'” steroids consisting of
a repeating amino acid sequences. Based on the assumption that synthetic steroidal
peptides might alter, or otherwise interfere with, established hormone production. Pettit et
al synthesized'® 3B-hydroxy-17p-(L-prolyl-L-prolyl) amino-5o-androstane and 3p-

acetoxy-17p-(L-argenyl-L-argenyl-L-prolyl) amino-5a-androstane.

o)
0.0
7 o
OH o)
(0) ] O "
AA AA
(¢} (0)
7 6] 8 o)
AA = Arginine / Arg-Arg / Arg-Proline.

Figure 2
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In order to examine the physiological activity, Shimada et al have synthesized the
arginine linked cardiotonic steroids 7 and 8 as bufotoxin analogues from digitogenin and
resibufogenin (Figure 2)." Novel bile acid-amino acid conjugates e.g. 9 (Figure 3) were
synthesized in which the amide bond was reversed from its normal configuration.’ These
structural isomers of the B-alanyl conjugates of cholic acid and ursodeoxycholic acid
were synthesized by reaction of succinic anhydride with the 24-nor-23-amine derivatives
of cholic acid and ursodeoxycholic acid. The chemical and physical properties of these
reverse amide conjugated bile acid analogues were compared with those of the normal

glycine and (-alanine conjugates.

H
N\n/\coon
o

6]
NH
L/\/\/LOL
O
HO NN
10 H &4 on

Figure 3

In recent years a wide variety of such steroid derivatives conjugated with amino acids or
peptides have been prepared with various purposes. Mayaux et al synthesized,”’ N’-{N-
[3B-hydroxyl-20(29)-ene-28-oyl]-8-aminooctanoyl } -L-statin 10 (Figure 3), by a five-step
procedure starting from betulinic acid. This compound has been postulated to interfere
specifically with virus-cell fusion and inhibited HIV replication at a concentration as low

as 0.02 pg/mL.

The metabolism and intestinal absorption of bile salts was studied using cholic acid
conjugates 11 (Figure 4) with small peptides of two to six amino acids.”* To investigate
the ability of the human intestinal bile acid transporter to transport cholic acid conjugates

with potential HIV-1 protease inhibitory activity, cholic acid was conjugated at the 24
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position of the sterol nucleus with various amino acids and amino acid analogues such as
122 In this study, one amino acid analogue-cholic acid conjugate showed HIV-1

protease inhibitory activity.

Tz

O  COOH
O

HOY

11 R, R, and R, = Amino acid residues 12

Figure 4

Kramer et al synthesized various peptide conjugates of modified bile acids,”* (i) to
investigate whether the hepatic and the intestinal bile acid transport system as well as the
intestinal H'/oligopeptide transporter can be used in drug therapy, (ii) to improve the
membrane permeability and intestinal absorption of peptide drugs and (iii) to target a
drug to the liver and the bilary system to obtain liver specific drugs, Amafalone 13
(Figure 5) (Am, 3a-amino-2p-hydroxy-5a-androstan-17-one) possessed interesting
antiarrhythmic activity in animal models® and was developed to the stage of clinical
testing, but did not become commercially available because it was deemed not to have
sufficient oral bioavailability.”® In China, Fang and co-workers,”’ in an attempt to develop
aminosteroid derivatives with more desirable antiarrythmic properties, prepared a number
of amide and N-alkyl derivatives of amafalone. These compounds exhibited lower
toxicity and retained antiarrhythmic activity. Because of interest in peptides as potential
therapeutic agents Mokotoff et al reported™ the synthesis of peptidyl derivatives of the
aminosteroid, amafalone. Six analogues were synthesized: the hydrochloride salts of Gly-
Am 14, Ala-gly-Am 15, D-Ala-Gly-Am 16, Pro-Am 17, Pro-Pro-Am 18, and D-Ala-Pro-
Am 19. Peptidyl aminosteroids 14, 17, 18 and 19 when administered to rat intravenously

had protective antiarrythmic effects similar to those of amafalone. The oral route
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observed less marked protection with 17, in comparison to amafalone, while 18 and 19

were inactive.

14

|

Ala-Gly-Am HCI
15

'

D-Ala-Gly-Am HCl
16

Gly-Am HCl <—— Boc-Gly-Am <—— i
H,NY :

13, Amafalone, Am

— Boc-Pro-Am —> Pro-Am HCI

17

D-Ala-Pro-Am HCI
18

'

Pro-Pro-Am HCI
19

Figure 5

The phenomenon that the steroids enhanced the effects of the peptides through increasing
their receptor numbers was named ‘permissive action’.” Based on this concept, the
urotoxins (Glu-Asp-Gly-OH, His-Gly-Glu-OH, His-Gly-Lys-OH, and His-Gly-Lys-
NHNH;) were introduced into the convenient sites of hydrocortisone and prednisolone
via the amidation or condensation reactions to form the corresponding linkers.® The
results suggested that the linkers of the steroids and peptides may simulate the
‘permissive action’ and this kind of conjugation of steroids and peptides may provide a
special modification for steroids and oligopeptides. Similar such ‘permissive action’ was

observed by the same group.”’

e A

O
HO. 1OH

Tyr-Arg-OH O

O Kﬂ/ Tyr-Arg-OH
(¢}

20 O 21

Figure 6

For this purpose kyotorphin (KTP, Tyr-ArgOH) was coupled with hydrocortisone and

estrone to furnish the hybrid molecules 20 and 21 (Figure 6). The analgesic activities of
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the corresponding hybrids were investigated using the tail flick test. In order to produce
potential inhibitors of type 3, 17B-hydroxysteroid dehydrogenase (173-HSD), a key
steroidogenic enzyme, Poirier et al performed solid-phase synthesis of model libraries of
3B-peptido-3a-hydroxy-5a-androstan-17-ones. One of them, 3B-(N-heptanoyl)-L-
phenylalanine-L-leucine-aminomethyl)-3a-hydroxy-5a-androstan-17-one inhibited the
enzyme with an ICsy value of 117 nM, which is twice as potent as the natural substrate

A*-dione.*

A series of bile acid derivatives with variety of amino acids,” amino alcohols® and
phenanthroline® coupled via an amide bond were reported. These conjugates form small
micells in aqueous solutions and were found to behave as novel organogelators, forming
stable, transperant and thermoreversible gels in aromatic solvents. Thiemann ef al in their
own studies on radiolabelled estradiol derivatives have become interested to find new
connective approaches to radiolabelled estrane derivatives and to peptide estrane
conjugates. For this they have developed a process for the synthesis of an estra-

1,3,5(10),16-tetraenol [17,16-e] pyrimidine 23 from estrone 22 (Figure 7).

H
NH
0 2
., JS;
’<HN
N
HN

N
\ 4
—_— e
HO
22 B BnO Hs/\(&o
24 NH,
Figure 7

Compound 23 was then transformed to a steroid-heterocycle-tripeptide conjugate 24.%°
Complexation of rhenium (Re) to compound 24 was observed in their first exploratory

experiments.

88



Chapter 2, Section A

A number of peptides have been identified that increases the permeability of the outer
membranes of Gram-negative bacteria and sensitize these organisms to hydrophobic
antibiotics that ineffectively transverse the outer membranes.’” The best studied of these
peptides are the polymyxin B derivatives. Based on these facts Savage et al modeled
polymyxin B derivatives to determine potential active conformations and determined
functionality conserved among antibiotics related to polymyxin B. This conserved
functionality was incorporated on to a steroid scaffold yielding compounds 25 and 26

(Figure 8) that sensitize Gram-negative bacteria to hydrophobic antibiotics.™®

NH,

Figure 8

The same group reported39 the preparation of cholic acid derivatives such as 27 in which
amine bearing groups are attached to the steroid via ester or amide bonds (Figure 9). As a
part of this effort, they have developed efficient means of appending cholic acid
derivatives with three amino acids e.g. 28. A number of the resulting compounds

effectively sensitize gram-negative bacteria to erythromycin and novobiocin.

0
HZN\)I\X\.

:OH

O
A
X NH,

27, X =NH/O

NH, 29

Figure 9
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In continuation with this work new cationic steroid antibiotics (CSA) have been
prepared”’ by Savage et al by conjugating tripeptides to a triamino analogue of cholic
acid. These CSA-peptide conjugates such as 29 (Figure 9) were synthesized on a solid
phase in an indexed library that was screened for antimicrobial activity against Gram-
negative and Gram-positive bacteria. Similar such orthogonally protected triamino
scaffold based on the bile acid framework was developed*' by Davis ef al. Researchers
from Columbia University also described the preparation of a combinatorial library of
synthetic receptors based on chenodeoxycholic acid and screening for members that

bound a certain pentapeptide such as leuenkephalin.**

NH 04{\ \L NH
OQ( (CHy)s NH o

|
at CHas 6 N0

(CHy)s 0= N 0 — Br
o b
N — 33

32

Figure 10

The use of cholic acid as a new template for multivalent peptide assembly has been

reported recently™ by Wang et al. The goal of their template-assembled peptide project
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was to develop mimics of the trimeric gp41 fusion intermediates to serve as vaccines and
inhibitors for blocking HIV-1 infection. Starting from cholic acid the intermediate tri-
amine 30 was prepared in excellent yields. Using this tri-amine intermediate 30, three
different tempelates 31, 32 and 33 for chemoselective peptide ligation were prepared

(Figure 10).

To examine the chemoselective ligation, three antigenic peptides were chosen and tested.
These include the potent HIV inhibitor DP178, a T-helper epitope from tetanus toxid and
a minimum epitope sequence ELDKWA for HIV-neutralising antibody 2F5. For ligation
a cysteine residue was introduced at either the C-or N-terminus of the peptides during
solid phase synthesis to give the Cys-containing peptides: P37C, T-helper and P7C

respectively.

The desired multivalent peptides were synthesized by a typical chemoselective ligation to
afford trivalent peptides 34, 35 and 36 (Figure 11). The resulting three-o-helix bundles of
DP178 are believed to mimic the conformational epitopes of gp41 that are exposed during

viral membrane fusion, which should be useful for HIV-1 vaccine development.

In order to synthesize orally active insulin analogues Byun et a/ modified the recombinant
human insulin by covalently attaching deoxycholic acid derivatives. The recombinant
insulin conjugates, [N®?*’-deoxycholyl]insulin 37 and [N®*’-bisdeoxycholyl-L-lysil]insulin

38, were studied for their chemical, structural and biological properties (Figure 12).**
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Figure 11

Competitive insulin binding assay with HepG2 cells revealed that monosubstituted insulin
conjugates retains high binding affinity to the insulin receptor. When the insulin
conjugates were intravenously administered (0.33 IU/Kg) to streptozotocin (STZ) induced
diabetic rats, the conjugates showed sustained biological activity for a longer period with
the similar lowest blood glucose level compared to native insulin. Ye et al synthesized” a
series of N-protected amino acid-estradiol derivative conjugates such as 41 and 42

(Figure 13) by coupling of 17B-aminoestra-1,3,5(10)-trien-3-0l1 39 or 17p-
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amino acid via the catalysis of
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Figure 12

In vitro biological activity studies revealed that the binding interactions between estradiol

derivative conjugates and estrogen receptors can be affected by the properties of the

conjugated amino acid, but the effects of the change in binding properties did not result in

changes in biological activities in both MCF-7 and HeLa cell lines.
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Figure 13
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A few reports have been published in the literature on the synthesis of cyclic polypeptides

involving steroid backbone.*®

2A.4. Design of Novel Amphipathic Molecules

A literature survey of antimicrobial steroids reveals that several amino cholesterol
derivatives exhibit profound antimicrobial activity.*’ The in vitro antibacterial properties
of bile acids against certain Gram-positive microorganisms are well known.*®
Consequently, the preparation of various bile acid-based aminosterols was reported with a
view to examine their activity as anti-microbial agents.” A recent approach to combat
against pathogens is to introduce a polycationic chain onto a steroid scaffold. One such
chimeric natural product namely squalamine™ 43 has attracted considerable attention
because of its potent antimicrobial activity against a broad spectrum of
microorganisms” > (Figure 14). Soon after the isolation of squalamine, Regen reported™
rapid construction of squalamine mimic 44 which displays extraordinary antimicrobial
properties. Naturally occurring steroid-amino acid conjugates such as bufotoxin 1 and
polymastiamide A 6, (Figure 1) exhibit in vitro antimicrobial activity.’* Several peptides
have been identified that increase the permeability of the outer membranes of Gram-
negative bacteria and sensitize these organisms to hydrophobic antibiotics.”> The best
studied of these peptides are the polymyxin B (PMB) 45 derivatives. Savage and co-
workers™® designed a class of cationic steroid antibiotics (CSA) 46 as PMB mimics which
display antibacterial activities comparable or superior to that of Squalamine 43, bufotoxin

1 or PMB 45.
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A number of intuitive assumptions can be drawn from this wide-ranging literature
survey.

e A common feature of steroid derived antimicrobials is their potential to exhibit

facially amphiphilic conformations containing polar and hydrophobic surfaces.”’

e The overall amphiphilicity of the molecule plays a key role in determining the level of

antimicrobial activity.

e A generic structure with fine-tuning of the molecular amphiphilicity may lead to

novel molecules capable of selectively permeabilizing the microbial membranes.

With this in view, design of a generic structure with fine-tuning of the molecular
amphiphilicity will lead to novel molecules. These molecules are expected to selectively
permeabilize the outer membrane of the microbes. We have hypothesized that the cholic
acid-polypeptide conjugate 47 could represent such a generic structure amenable to fine-

tuning (Figure 15).

95



Chapter 2, Section A

Figure 15

Introduction of an amino acid or peptide on cholic acid backbone offers a combination of
a hydrophilic functional moiety as well as a hydrophobic carrier in the same molecule.
Synthetic variations of the amino acid residues can produce library of compounds with
variable amphiphilicity. There are very few reports of steroidal polypeptides consisting of
a repeating amino acid sequence in which each amino acid unit is attached to a sterol
molecule.”® It was considered that such compounds would be of both biological as well as

chemical interest.”’

To support this hypothesis, novel cholic acid-tetrapeptide conjugates of glycine and B-
alanine were synthesized and tested against a wide variety of microorganisms and were
found to display remarkable synergistic activity with respect to fluconazole and
erythromycin as documented herein for the first time. Cholic acid has been chosen
because of its natural amphiphathic nature.®® It differs from the conventional head-to-tail
amphiphiles because the polar and non-polar domains are separated along the longitudinal
axis of the molecule, which gives rise to distinct polar and non-polar faces.®’ A
polypeptide segment has been introduced on to the cholic acid to have combination of a
hydrophilic functional moiety as well as a hydrophobic carrier in the same molecule.
Synthetic variations of the amino acid residues can produce a library of compounds with

variable amphiphilicity.
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2A.5. Chemistry
We undertook the synthesis and evaluation of a new family of cholic acid-polypeptide
conjugates by exploiting a convergent approach, using classical solution phase synthesis.
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Scheme 1: Reagents and condition (a) Benzyl alcohol, p-TSA, toluene, reflux, 4h; (b)
Boc anhydride, 1IN NaOH, dioxane:water, 0-25 °C, 30 min.; (¢) EDCI, HOBt, Et;N,
DCM, 0-25 °C, 6 h; (d) TFA, DCM, 0-25 °C, 2 h; (e) H,, Pd-C, MeOH, 25 °C, 1 h; (f)
2M HCILEt,0, 0-25 °C, 1.5 h.
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According to the literature procedures,62 suitably protected monomers 50, 52 and 51, 53
were synthesized from glycine 48 and B-alanine 49, respectively. The stepwise elongation
was performed in dichloromethane (DCM) using 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI) activation to furnish Boc-(Gly),-OBn 54 in 76%
yield and Boc-(B-Ala),-OBn 55 in 74% yield (Scheme 1). Removal of the ters-
butoxycarbonyl (Boc) group from peptides 54 and 55 was performed in trifluoroacetic
acid (TFA)/DCM, to afford compounds 56 and 57 in quantitative yield. On the other
hand, catalytic hydrogenolysis of the benzyl (Bn) group from peptides 54 and 55,
furnished compounds 58 and 59 in excellent yields. Compounds 60 and 61 were obtained
by fragment condensation of 56 with 58 and 57 with 59 in DMF using EDCI activation in
the presence of 1-hydroxybenzotriazole (HOBt) as catalyst. These tetrapeptides were
purified by column chromatography to furnish compounds 60 and 61 as white solids in 73

and 70% yields, respectively.

The Benzyl groups of Boc-(Gly)s-OBn 60 and Boc-(3-Ala)s-OBn 61 were removed by a
similar catalytic hydrogenation reaction to furnish compounds 62 and 63 in 98 and 97%
yield, respectively. Finally, the Boc groups of compounds 62 and 63 were removed using
2M HCILEt,0 to afford the desired peptides 64 and 65 in 96 and 97% yield, respectively.
Following the modified procedure (using EDCI and HOBt), we have drastically reduced
the reaction time (7-8 h) compared to the earlier reported method, which required 3 days

for the reaction to complete.®

Synthesis of the cholic acid intermediates, which are the building blocks for realization of
the desired conjugates, is depicted in Scheme 2. 3B-Amino methyl cholate 67 was

synthesized from cholic acid 66 in four steps in a straightforward way with an overall
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yield of 77%.°* The amine functionality in compound 67 was protected using Boc

anhydride to afford compound 68 in excellent yield (Scheme 2).

HaN

69 70 71

Scheme 2: Reagents and condition (a) Boc anhydride, Et;N, dioxane:water, 25 °C 6 h; (b)
LAH, THF, 0-25 °C, 1 h; (¢) Ac,O, DMAP, Et;N, DCM, 25 °C, 8 h; (d) TFA, DCM, 0-25
°C,2 h.

Reduction of the methyl ester of compound 68 was carried out using LAH to afford C-24
hydroxy compound 69 in 74% yield. Acylation of the C-7 and C-24 hydroxyl groups of
compound 69 was carried out using acetic anhydride and a catalytic amount of N,N-
dimethylaminopyridine (DMAP) to furnish compound 70 in 87% yield. The protected C-
3B amino functionality of compound 70 was unmasked using TFA to afford compound 71

in almost quantitative yield.

Coupling of 3B-amino cholic acid intermediates 67 with Boc-(3-Ala)4~-OH 63 under mild
condition using EDCI/HOBt and Et;N in DMF provided compounds 72 in 71% yield
(Scheme 3). Similarly coupling of 3B-amino cholic acid derivative 71 with Boc-(Gly)s-
OH 62 and Boc-(B-Ala)s~-OH 63 furnished compounds 76, 77 in 75 and 74% yield,
respectively. Subsequent hydrolysis of the methyl ester functionality in compound 72 and

C-7 and C-24 acetates in compound 77 (LiOH 2M, MeOH) and aqueous work-up
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provided the corresponding acid 74, and hydroxy compound 79 in 89 and 84% yield,

respectively.
H \ o} H \ o)
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Scheme 3: Reagents and condition (a) EDCI, HOBt, Et;N, DMF, 0-25 °C, 6 h; (b) 2M
HCILEt,0, 0-25 °C, 1.5 h; (¢) 2M LiOH, MeOH, 25 °C, 12 h.

Cleavage of the Boc group in compounds 72, 74, 76 and 79 was accomplished with 2M
HCIL:Et,O to afford free amino compounds 73, 75, 78, and 80, respectively in yields
ranging from 89-96%. It is worth mentioning here that all the compounds 72-80 (Scheme

3) are new and characterized fully by IR, "H NMR and *C NMR spectroscopy.
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Tetrapeptides 60-65, Cholic acid 66, and cholic acid-tetrapeptide conjugates 72-80 were
examined for in vitro antifungal, antibacterial activity as well as cytotoxic study. The

bioassay results are shown in section 2A.4.

Bioassey result shown by cholic acid tetrapeptide conjugates 72-80 encouraged us to
extend our objective. With this in view, we would like to synthesize novel cholic acid-
dipeptide and monopeptide conjugates of glycine and B-alanine and their bioevolution
study against a wide variety of microorganisms. This study has not been reported earlier.
Cholic acid has been chosen because of its natural amphiphathic nature® and more about
the choice of cholic acid has been described earlier. A dipeptide and monopeptide
segment of glycine and [-alanine has been synthesized using classical solution phase

synthesis (Scheme 1).

Coupling of 3B-amino cholic acid intermediates 67 with Boc-(Gly),-OH 58 and Boc-(3-
Ala);-OH 59 under mild condition using EDCI/HOBt and Et;N in DMF provided
compounds 81 and 82 in 74% and 76% yield, respectively (Scheme 4). Subsequent
hydrolysis of the C-24 methyl ester functionality in compound 82 (LiOH 2M, MeOH)
provided the corresponding acid 85 in 87% yield. Cleavage of the Boc group in
compounds 81, 82 and 85 was accomplished with 2M HCI in Et,0 to afford free amino

compounds 83, 84 and 86 in 94%, 90% and 84% yields, respectively.

In the similar way coupling of 33-amino cholic acid intermediates 67 with Boc-(Gly)-OH
52 and Boc-(B-Ala)-OH 53 under mild condition using EDCI/HOBt and Et;N in DMF

provided compounds 87 and 88 in 71% and 80% yield, respectively (Scheme 4).

Subsequent hydrolysis of the C-24 methyl ester functionality in compound 87 and 88
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aq.LiOH 2M, MeOH provided the corresponding acid 91 and 92 in 89% and 91% yield,

respectively. Cleavage of the Boc group in compounds 87, 88, 91 and 92 was

H I O H ] O
N HO O N HO
HO OMe j]/ HO OMe
b HN™ "X

0)

={

67+ 559 2, FN
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HN ]X HN Ix
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o
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Scheme 4: Reagents and condition (a) EDCI, HOBt, Et;N, DMF, 0-27 °C, 7-8 h,74% and
76%; (b) 2M HCI in Et,0, 0-25 °C, 1 h, 90% and 94%:; (c) 2M LiOH, MeOH, 28 °C, 10
h, 87%; (d) 2M HCl in Et,0, 0-28 °C, 1 h, 84%; (e¢) EDCI, HOBt, Et;N, DMF, 0-27 °C, 7
h,71% and 80%; (f) 2M HCI in Et,0, 0-28 °C, 1 h, 92% and 91%; (g) 2M LiOH, MeOH,
27 °C, 9h, 89 and 91%; (h) 2M HCI in Et;0, 0-28 °C, 1 h, 87% and 81%.
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accomplished with 2M HCI in Et,0 to afford free amino compounds 89, 90, 93 and 94
respectively in yields ranging from 81-92%. It is worth mentioning here that all the
compounds 81-94 (Scheme 4) are new and characterized fully by IR, '"H NMR and "*C
NMR spectroscopy. Antimicrobial as well as cytotoxic study of Cholic acid-tetrapeptide

conjugates 81-94 are in progress.

2A.6. Bioevaluation Study

2A.6.1. Antimicrobial activity

Tetrapeptides 60-65, Cholic acid 66, and cholic acid-tetrapeptide conjugates 72-80 were
examined for in vitro antifungal as well as antibacterial activity. The antifungal activity
was tested using NCL isolate fungal strains Candida albicans and Cryptococcous
neoformans (human pathogens), Benjaminiella poitrasii and Yarrowia lipolytica
(saprophytes), Fusarium oxysporum (plant pathogen). The antibacterial activity was
evaluated against Escherichia coli (NCIM 2574), and Staphylococcus aureus (NCIM
2122). The MIC values were determined using standard broth microdilution technique as
described by NCCLS.® Amphotericin B and fluconazole were used as the reference
antifungal agents, while tetracycline and ampicillin were used as the reference
antibacterial agents. All the biological data of the tested compounds has been depicted in
Table 2 as MIC values. Candida albicans, Cryptococcous neoformans, Benjaminiella
poitrasii, Yarrowia lipolytica, Fusarium oxysporum strains and bacterial strains
Escherichia coli, and Staphylococcus aureus, respectively to find out the minimum
inhibitory concentration (MIC) values (Table 1). These compounds were also tested for
their ability to permeabilize the outer membrane of Gram-negative bacteria such as E. coli

causing sensitization to hydrophobic antibiotics that inefficiently cross the outer
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membrane. We also demonstrated such permeabilization by cholic acid derivatives with

C. albicans, a pathogenic fungus (Table 2).

In the preliminary bioevaluation, tetrapeptides 60-65 as well as cholic acid 66 did not
show any appreciable antifungal or antibacterial effect. In comparison the tetrapeptide-
linked cholic acid derivatives 72-80 showed good to moderate activity against C.
albicans, B. poitrasii and F. oxysporum (columns A, C and E) whereas these compounds
were less active towards bacteria (columns F and G) than fungi. The antifungal activity of
most of the compounds was found to be similar to that of fluconazole (MIC, 32 pg/mL).
The difference in the toxicity of the synthesized compounds against a wide variety of
microorganisms can be attributed to the differences in their cell wall/cell membrane
compositions which affect the passage of these compounds through cell wall/cell

membrane.®®

Table 1: Minimum inhibitory concentration (MIC) of modified steroids.

Antimicrobial Activity MIC (xg/mL)

Compound - - -
Entry Fungal Strains Bacterial Strains
Number A 5 c D E F G
1 66 >128 >128 128 >128 >128 >128 >128
2 72 32 >128 16 96 64 >128 >128
3 73 128 >128 24 >128 32 96 64
4 74 32 >128 48 >128 64 >128 >128
5 75 32 >128 24 >128 64 32 >128
6 76 64 >128 32 >128 64 64 >128
7 77 32 >128 64 96 >128 >128 32
8 78 64 >128 16 >128 32 >128 64
9 79 128 >128 >128 >128 64 >128 >128
10 80 64 >128 64 >128 >128 32 >128
11 Amp. B 2 16 16 16 16 NT NT
12 Fluconazole 32 32 32 64 8 NT NT
13 Tetracycline NT NT NT NT NT 8 16
14 Erythromyein  NT NT NT NT NT 64 32

A, C. albicans; B, C. neoformans; C, B. poitrasii; D, Y. lipolytica; E, F. oxysporum; F, E.
coli; G, S. aureus; NT- Not Tested.
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To characterize synergism of 60-66 and 72-80 with fluconazole (an antifungal agent) and
erythromycin (a hydrophobic antibacterial agent), we determined the concentrations of
these compounds necessary to lower the MIC values of the antibiotics to 1 ug/mL (a

concentration at which many clinically useful antibiotics are active).”™"

Table 2: MIC, Permeabilization and FIC Data for 60-66, and 72-80 with C. albicans and
E. coli.

Entry Comp. a a' a” b o} b
Number (rg/ml) (rg/ml) (rg/ml) (zg/ml)
1 60 >128 128 1.03 >128 128 1.03
2 61 >128 128 1.03 >128 64 0.53
3 62 >128 64 0.53 >128 128 1.03
4 63 >128 64 0.53 >128 >128 1.03
5 64 128 >128 1.03 128 64 0.53
6 65 >128 128 1.03 >128 >128 1.03
7 66 >128 64 0.53 >128 64 0.52
8 72 32 6 0.22 >128 16 0.14
9 73 128 3 0.055 96 8 0.099
10 74 32 12 0.41 >128 16 0.14
11 75 32 1 0.062 32 4 0.14
12 76 64 12 0.22 64 24 0.39
13 77 32 8 0.28 >128 10 0.093
14 78 64 6 0.125 >128 8 0.078
15 79 128 12 0.125 >128 20 0.172
16 80 64 6 0.125 32 8 0.265

a: MIC of the synthesized compounds against C. albicans.

a': Concentration of the synthesized compounds required to lower the MIC of fluconazole
from 32 pg/mL to 1 pg/mL (a concentration at which many clinically useful antibiotics
are active).

a"": FIC values with fluconazole.

b: MIC of the synthesized compounds against E. coli.

b': Concentration of the synthesized compounds required to lower the MIC of

erythromycin from 64 pg/mL to 1 pug/mL.
b*: FIC values with erythromycin.

This measurement entailed incubating a known population of yeast suspension (C.
albicans) for 48 h in YPG and bacterial cells (E. coli) for 24 h in a nutrient broth with
fluconazole and erythromycin, respectively, with incrementally varied concentrations of
the synthesized compounds as described by Savage ef al.” Tetrapeptides 60-65 and

cholic acid 66 did not showed any appreciable synergism, on the other hand, almost all
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the cholic acid conjugates exhibited very good synergism. This suggests that the
synergism effect shown by our novel compounds is due to their inherent amphiphilicity.
To quantify the synergistic behaviour of our compounds with fluconazole and
erythromycin, fractional inhibition concentration (FIC) values were also calculated.®’
Synergism between antibiotics is indicated by FIC values of less than 0.5. In the present
case all the synthesised compounds 72-80 displayed FIC values of less than 0.5 with both
fluconazole and erythromycin and many of the FICs shown in Table 2 are comparable to

those reported for PMB derivatives.”

2A.6.2. Antiproliferative Activity

Bile acids are known to promote proliferation and metastasis of cells of cancer origin and
inhibit the proliferation of cells of non-cancer origin.®® They are also known to be
extremely toxic at high doses, presumably damaging cell membranes and mitochondrial
membranes.”” At low doses, bile acids stimulate the cell-signalling effects involving
various pathways.”” Hence we tested the cytotoxicity of the synthesized compounds in
two different cell lines, one of cancer origin (human mammary carcinoma: MCF-7) and
the other of non-cancer origin (human embryonic kidney: HEK293). Concentration of
compounds needed to reduce the population growth of HEK293 and MCF-7 cells by 50%
(ICso) in vitro was evaluated using the MTT assay’' (Table 3). Graphical representation of
antiproliferative activities of all the compounds is included in the experimental section.
Of all the cholic acid-tetrapeptide conjugates tested, none showed any substantial
cytotoxicity up to 80 pM concentration. Incorporation of peptide residues on the cholic
acid derivatives drastically reduced its cytotoxicity towards HEK293 cell line. Moreover,
it was found that all the compounds except 79 enhanced the proliferation of MCF-7 cells

and not HEK?293 cells. This confirms the observation that cholic acid and its derivatives
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promote the proliferation of cells from cancerous origin and not normal cells. This study
also confirm that the synthesized cholic acid-peptide conjugates are not toxic to the cell

lines tested at concentrations up to 80 xM.

Table 3: Cytotoxicity of modified steroids

Compound 1Cs0 (uM)
ENYY  “Number  HEK293  MCF-7
1 66 50 >1000
2 72 100 >1000
3 73 600 700
4 74 >1000 >1000
5 75 200 >1000
6 76 500 200
7 77 150 80
8 78 150 800
9 79 >1000 800
10 80 >1000 800

While relatively inactive by themselves, these compounds interact synergistically with
antibiotics such as fluconazole and erythromycin to inhibit growth of fungi and bacteria,

respectively at 1-24 ug/mL.

2.7. Conclusion

Molecular amphiphilicity is one of the important factor which accounts for the easy
transport of the molecules through the membranes, as a result a generic structure wherein
fine-tuning of the molecular amphiphilicity is possible, have been designed utilizing
amphiphilic nature of cholic acid. To realize a designed generic structure, tetra-peptide
derived from glycine and B-alanine was linked at C3f-position of modified cholic acid.
The synergism of the most active compounds with fluconazole and erythromycin greatly
improves the activity of these antibiotics against C. albicans and E. coli respectively.
Because the synthesized modified steroids act synergistically with unrelated hydrophobic

antibiotics, these compounds most likely act as outer membrane permeabilizers. In
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summary, we have demonstrated that the molecules having optimum amphiphilicity can

produce potent sensitizers of Gram-negative bacteria and fungi.

2A.8. Experimental Section

Experimental Procedures:

Boc-Gly-Gly-OBn (54): H-Gly-OBn-p-TSA® 50 (3.37 g, 10 mmol), Boc-Gly-OH** 52
(1.75 g, 10 mmol) and 1-hydroxybenzotriazole (HOBt) (0.68 g, 5 mmol) were dissolved
in dry DCM (80 mL) and the reaction mixture was cooled to 0 °C under argon
atmosphere. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (2.1
g, 11 mmol) and Et;N (2.02 g, 20 mmol) were added. The reaction mixture was allowed
to warm to room temperature and was stirred for 6 h. The solvent was evaporated and the
residue was dissolved in ethyl acetate (200 mL). The organic phase was washed
successively with H,O, 5% citric acid, H,O, sat. NaHCOj; and brine, dried over anhydrous
Na,S0, and the solvent was evaporated. The residue was recrystallized from MeOH-Et,O
to give dipeptide 54 as colorless crystals (2.44 g, 76%). mp 78-79 °C (lit.”* colorless oil).

The other spectroscopic data were consistent with that reported in literature.”

Boc-B-Ala-B-Ala-OBn® (55): Compound 55 was synthesized using H-B-Ala-OBn-p-
TSA 51 and Boc-3-Ala-OH 53 as described for compound 54. Boc-B-Ala--Ala-OBn 55
was recrystallized from ethyl acetate and heptane to afford a white crystalline solid, yield
74%. mp 77-79 °C. 'H NMR and other spectroscopic data was consistent with that

reported in the literature.**"

Boc-(Gly)s,-OBn (60): Boc-Gly-Gly-OBn 54 (1.6 g, 5 mmol) was added to a mixture of
TFA and DCM (1:1, 5 mL) at 0 °C and the reaction mixture was stirred for 1 h at 0 °C

and additionally for 1 h at room temperature. The solvent was evaporated and the H-Gly-
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Gly-OBn-TFA 56 obtained was used without further purification. Compound 54 (1.6 g, 5
mmol) and 10% Pd/C (0.18 g) were added to MeOH and hydrogenated for 1 h at 40 psi
pressure. Pd/C was removed by filtration and the solvent was evaporated. This residue of
compound 58 was dissolved in dry DMF (50 mL) under an argon atmosphere and the
solution was cooled to -10 °C. HOBt (0.337 g, 2.5 mmol) and EDCI (1.09 g, 5.5 mmol)
were added and stirring was continued for 15 min. The H-Gly-Gly-OBn-TFA 56 obtained
above and triethylamine (1.01 g, 10 mmol) were added and the reaction mixture was
allowed to warm to room temperature and was stirred for 6h. The solvent was evaporated
and the residue was dissolved in ethyl acetate (200 mL). The organic phase was washed
successively with H,O, 5% citric acid, H,O, saturated NaHCO; and brine, dried over
anhydrous Na,SO4 and the solvent was evaporated. The residue was purified by flash
chromatography using neutral alumina (DCM/ MeOH, 19:1) and further recrystallized
using MeOH/iPr,O to afford Boc-(Gly)s-OBn 60 (1.58 g, 73%) as a white powder. mp
173-174 °C. (lit.”* 174-175 °C). The other spectroscopic data were consistent with that

reported in literature.”

Boc-(B-Ala);-OBn (61): Compound 61 was synthesized using compound 57 and
compound 58 as per the procedure described for compound 60. Boc-(3-Ala)4-OBn 61 was
purified by chromatography using neutral alumina (DCM/MeOH, 24:1) to afford a white
solid (70%). IR, 'H NMR spectroscopic data was consistent with that reported in the
literature.”®® mp 158-159 °C; Anal. Calcd for CayH3¢N4O: C, 58.5; H, 7.4; N, 11.4.
Found: C, 58.6; H, 7.3; N, 11.3.; IR Vi (Nujol)/(cm™) 1634, 1650, 1658, 1687, 1737,
3299; *C NMR (~60% CDCl; in CD;0D, 50.32 MHz) & 28.5x3, 34.3, 35.5, 36.0, 36.2,
36.3x2, 36.5,37.2, 67.0, 79.8, 128.6x2, 128.7, 129.0x2, 136.1, 157.2, 172.6, 172.8, 172.9,

173.0; MS (LCMS) m/z 493.7 [M+1]", 515.7 [M+Na]".
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Boc-(Gly)s,-OH (62): A solution of Boc-(Gly)s-OBn (60) (0.872 g, 2 mmol) in anhydrous
MeOH (40 mL) was treated with 10% Pd-C (0.087 g, 10% wt. equiv.) and hydrogenated
for 1 h at 40 psi pressure at 25 °C. The reaction mixture was filtered through celite
(MeOH wash), concentrated under vacuum, and dried thoroughly under vacuum to afford
62 (0.68 g, 98%) as a white solid, which was further recrystallized from 10%
MeOH/iPr,0 as a white powder. mp 126-127 °C. (lit.”* 126-128). The other spectroscopic

data were consistent with that reported in literature.’

Boc-(B-Ala);-OH (63): Compound 63 was synthesized using Boc-(3-Ala)s-OBn (61) as
per the procedure mentioned for compound 62. The linear tetrapeptide 63 was obtained as
a white solid (97%). mp 182-183 °C; IR Viux (Nujol)/(ecm™) 1650, 1658, 1681, 1722,
3301, 3382; "H NMR (CD;OD, 500 MHz) & 1.40 (s, 9H), 2.35-2.40 (m, 6H), 2.49 (t, 2H,
J = 6.42 Hz), 3.28 (t, 2H, J = 6.88 Hz), 3.36-3.46 (m, 6H); *C NMR (CD;OD, 125.76
MHz) ¢ 28.7x3, 34.7, 36.4, 36.5, 36.6, 37.0x2, 37.2, 37.9, 80.1, 158.1, 173.6, 173.7,

173.8, 175.4; MS (LCMS) m/z 403.5 [M+1]", 425.5 [M+Na]".

(Gly)4-OH (64): A solution of compound 62 in 2M HCI:Et,0O (3 mL) was stirred at 0-25
°C for 1.5 h. The volatiles were removed under vacuum, and the residue was dried
thoroughly to afford compound 64 (96% yield). Anal. Calcd for CgH4sN4OsHCI: C, 34.0;
H, 5.4; N, 19.8. Found: C, 33.9; H, 5.6; N, 20.1.; IR vpax (Nujol)/(cm™) 1648, 1654,
1679, 1722, 2964, 3346, 3371; '"H NMR (CD;OD, 400 MHz) & 3.69-3.84 (m, 8H), 8.06

(bs, 3H); MS (LCMS) m/z 246.5 [M+1], 268.7 [M+Nal.

(B-Ala)s-OH (65): Compound 65 was synthesized using Boc-(-Ala)s-OH (63) as per the
procedure mentioned for compound 64. The linear tetrapeptide 65 was obtained as a

gummy solid (97%). Anal. Calcd for C;,H2N4OsHCI: C, 42.5; H, 6.8; N, 16.5. Found: C,
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42.7; H, 6.9; N, 16.4.; IR vinax (Nujol)/(cm’™) 1650, 1658, 1681, 1741, 3284, 3386; 'H
NMR (CD;0D, 400 MHz) § 2.37-2.41 (m, 4H), 2.48 (t, 2H, J = 6.42 Hz), 3.39-3.50 (m,

8H); MS (LCMS) m/z 302.8 [M+1], 324.4 [M+Nal.

Compound 68: A solution of compound 67 (5.0 g, 11.9 mmol) in a mixture of dioxane
(90 mL), water (10 mL) and triethylamine (1.8 g, 17.7 mmol) was stirred at 0 °C in an ice
bath. Di-tert-butyl dicarbonate (Boc anhydride) (5.0 g, 17.7 mmol) was added and stirring
was continued at room temperature for 6 h. The standard work up gave a crude product,
which on further column chromatographic purification using silica gel (DCM/MeOH,
49:1) afforded compound 68 (6.029 g, 98%) as a white solid. mp 142-144 °C; [a]p™® +
19.23 (¢ 1.156, CHCls); Anal. Calcd for C30Hs;NOg: C, 69.1; H, 9.85; N, 2.7. Found: C,
68.85; H, 9.9; N, 2.9.; IR Vimax (Nujol)/(cm™) 1662, 1681, 1739, 3421; 'H NMR (CDCls,
200 MHz) ¢ 0.68 (s, 3H), 0.92 (s, 3H), 0.97 (d, 3H, J = 5.94 Hz), 1.44 (s, 9H), 3.66 (s,
3H), 3.84 (bs, 1H), 3.97 (bs, 1H), 4.78 (m, 1H); °C NMR (CDCls, 50 MHz) §12.4, 17.2,
23.0, 23.2, 25.0, 25.8, 27.5, 28.4x3, 30.8, 30.9, 31.0x2, 33.9, 34.4, 35.1, 35.2, 37.1, 39.2,
41.7, 46.2, 46.4, 47.1, 51.4, 68.3, 73.0, 78.9, 155.3, 174.8; MS (LCMS) m/z 522.6

[M+1]", 544.5 [M+Na]".

Compound 69: To a 250 mL round bottom flask were added compound 68 (3.0 g, 5.75
mmol) in dry THF (200 mL) and LiAIH4 (0.44 g, 11.5 mmol) at 0 °C. After stirring the
reaction mixture for 1 h at 0 to 25 °C, saturated aqueous Na,SO4 was introduced slowly.
The reaction mixture was stirred for further 30 min. The solvent was removed at reduced
pressure and the residue was extracted with ethyl acetate. The usual work up afforded
crude product. This was further purified by column chromatography on silica gel
(DCM/MeOH, 97:3) to afford compound 69 (2.10 g, 74%) as a white solid. mp 117-119

°C; [o]p™ + 20.71 (¢ 1.255, CHCI3); Anal. Caled for Co0HsNOs: C, 70.55; H, 10.4; N,

111



Chapter 2, Section A

2.8. Found: C, 70.3; H, 10.5; N, 2.7.; IR Vimax (Nujol)/(cm'l) 1693, 3446; '"H NMR
(CDCls, 200 MHz) 6 0.69 (s, 3H), 0.94 (s, 3H), 1.00 (d, 3H, J = 6.31 Hz), 1.44 (s, 9H),
3.62 (t, 3H, J = 6.07), 3.85 (bs, 2H), 3.99 (s, 1H), 4.78 (bs, 1H); °C NMR (CDCls, 50
MHz) ¢ 12.4, 17.7, 22.9, 23.3, 24.9, 25.6, 27.6, 28.3, 28.4x3, 29.5, 30.9x2, 31.9, 33.8,
34.6, 35.2, 35.6, 37.1, 39.3, 41.4, 46.4, 47.3, 63.3, 68.4, 73.1, 79.1, 155.4; MS (LCMS)

m/z 516.3 [M+Na]".

Compound 70: A mixture of compound 69 (2.46 g, 5 mmol), Ac,O (1.27 g, 12.5 mmol),
DMAP (0.06 g, 0.5 mmol) and triethylamine (1.11 g, 11 mmol), in dry DCM was stirred
at room temperature for 8 h. The solution was concentrated and the residue was extracted
with ethyl acetate using the standard work up procedure. The crude product was purified
by flash chromatography on silica gel (DCM/MeOH, 99:1) to furnish compound 70 (2.50
g, 87%), as a white solid. mp 197-199 °C; [a]p”® + 13.71 (¢ 1.312, CHCLs); Anal. Calcd
for C;33HssNO7: C, 68.6; H, 9.6; N, 2.4. Found: C, 68.4; H, 9.4; N, 2.6.; IR Vmax
(Nujol)/(cm™) 1690, 1705, 1726, 3454; "H NMR (CDCls, 200 MHz) 6 0.69 (s, 3H), 0.95
(s, 3H), 0.99 (d, 3H, J = 6.32 Hz), 1.44 (s, 9H), 2.04 (s, 6H), 3.87 (m, 1H), 3.96-4.07(m,
3H), 4.78 (d, 1H, J = 6.19 Hz), 4.89 (d, 1H, J = 2.28 Hz); °C NMR (CDCls, 50 MHz) ¢
12.4, 17.4, 20.8, 21.4, 22.8, 23.0, 25.0, 27.2, 27.4, 28.3x3, 28.7, 30.7, 30.9, 31.6, 33.1,
34.6, 34.9, 36.7, 37.9, 41.9, 46.0, 46.4, 47.1, 60.2, 64.8, 70.9, 72.5, 78.9, 155.2, 170.4,

171.1; MS (LCMS) m/z 600.2 [M+Na]".

Compound 71: Compound 70 (1.15 g, 2 mmol) was dissolved in DCM (10 mL) and a
mixture of TFA/DCM (1:1, 5 mL) was added at 0 °C. The reaction mixture was stirred
for 1 h at 0 °C and additionally for 1 h at room temperature. The solvent was evaporated
and the residue was treated with saturated aqueous NaHCOs (20 mL). The resulting

aqueous layer was extracted with ethyl acetate, washed with water (10 mL), brine (10
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mL), dried over anhydrous Na,SO4 and concentrated in vacuo. The crude product was
purified by column chromatography using neutral alumina (DCM/MeOH, 19:1) to afford
compound 71 as a white solid (0.994 g, 99%). mp 103-105 °C; [a]p™® + 13.67 (¢ 1.024,
CHCls); Anal. Caled for CysH47NOs: C, 70.4; H, 9.9; N, 2.9. Found: C, 70.5; H, 10.1; N,
3.0.; IR vimax (Nujol)/(cm™) 1714, 1737, 3444, 3492; '"H NMR (CDCls, 200 MHz) 6 0.69
(s, 3H), 0.95 (s, 3H), 0.99 (d, 3H, J = 6.44 Hz), 2.04 (s, 6H), 3.24 (bs,1H), 3.97-4.06 (m,
3H), 4.89 (d, 1H, J=2.52 Hz); ’C NMR (CDCl;, 50 MHz) ¢ 12.4, 17.5, 20.9, 21.5, 22.9,
25.0,27.1,27.2,27.4,28.7,29.5, 29.5, 31.0, 31.6, 34.8, 34.9, 35.2, 35.3, 37.9, 42.0, 46.1,

46.4,47.1,64.8,71.1,72.5,170.5, 171.1; MS (LCMS) m/z 478.2 [M+1]".

Compound 72: Compound 67 (1.0 g, 2.37 mmol) and Boc-(p-Ala)s-OH 63 (1.05 g, 2.61
mmol) were dissolved in dry DMF (25 mL) under an argon atmosphere and the solution
was cooled to —10 °C. HOBt (0.175 g, 1.3 mmol) and EDCI (0.550 g, 2.87 mmol) were
added and stirring was continued for 30 min. The reaction mixture was allowed to warm
to room temperature and was stirred for 6 h. The solvent was evaporated under reduced
pressure and the residue was dissolved in DCM (300 mL). The organic phase was washed
successively with H,O, 5% citric acid, H,O, sat. NaHCOj; and brine, dried over anhydrous
Na,SO4 and the solvent was evaporated. The residue was further purified by flash
chromatography on silica gel (DCM/MeOH, 93:7) to afford compound 72 (1.35 g, 71%)
as a white powder. mp 126-128 °C; [a]p”® + 16.02 (¢ 0.874, MeOH); Anal. Calcd for
C42H71N5010: C, 62.6; H, 8.9; N, 8.7. Found: C, 62.3; H, 9.1; N, 8.8.; IR vi.x (Nujol)/(cm
11647, 1654, 1701, 1714, 1737, 3292, 3334; '"H NMR (CDCl3, 400 MHz) 6 0.67 (s, 3H),
0.90 (s, 3H), 0.97 (d, 3H, J = 5.33 Hz), 1.41 (s, 9H), 2.28-2.49 (m, 8H), 3.31-3.58 (m,
8H), 3.65 (s, 3H), 3.84 (bs, 1H), 3.97 (bs, 3H), 4.02 (bs, 1H), 5.59 (m, 1H); >C NMR

(CDCls, 100.61 MHz) 0 12.5, 17.2, 22.9, 23.2, 24.6, 25.9, 27.5, 28.4x3, 29.6, 30.9, 31.1,
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33.5, 34.3, 35.1, 35.3, 35.8, 36.0x2, 36.2x2, 36.3x2, 36.4, 37.1x2, 39.4, 41.8, 45.7, 46.5,
47.1,51.5,68.2,72.9,79.3, 156.3, 171.5, 172.0x2, 172.2, 174.8; MS (LCMS) m/z: 828.4

[M+Na]"; HRESIMS m/z 828.5058 [M+Na]" (C4,H7NsO;oNa; calcd. 828.5069).

Compound 76: Compound 71 (0.477 g, 1 mmol) and Boc-(Gly)s,-OH 62 (0.416 g, 1.2
mmol) were coupled to furnish compound 76 following the same procedure as described
for compound 72. The residue was purified by flash chromatography on silica gel
(DCM/MeOH, 93:7) to afford compound 76 (604 mg, 75%) as a white solid. mp 120-122
°C; [(1]])29 + 15.47 (¢ 2.715, MeOH); Anal. Calcd for C41H7NsOq;: C, 61.1; H, 8.4; N,
8.7. Found: C, 61.3; H, 8.25; N, 8.5.; IR v (Nujol)/(cm™) 1648, 1654, 1701, 1716,
1733, 3294, 3454; "H NMR (CDCls, 500 MHz) § 0.66 (s, 3H), 0.93 (s, 3H), 0.96 (d, 3H, J
=6.0 Hz), 1.41 (s, 9H), 2.01 (s, 6H), 3.84 (bs, 2H), 3.98-4.03 (m, 5H), 4.10-4.15 (m, 5H);
BC NMR (CDCls, 125 MHz) 6 12.5, 17.6, 21.0, 21.6, 23.0, 23.1, 24.6, 25.2x2, 27.3, 27.6,
28.4x3, 28.8, 30.7, 31.1, 31.8, 32.6, 34.7, 35.0, 36.5, 38.1, 42.1, 43.3x2, 43.5, 44.3, 45.8,
46.6, 47.3, 64.9, 71.1, 72.7, 80.2, 156.2, 168.3, 169.2, 169.4, 170.6, 170.7, 171.2; MS
(LCMS) m/z: 828.4 [M+Na]"; HRESIMS m/z 828.4752 [M+Na]" (C4;Hg7N501Na; caled.

828.4735).

Compound 77: Compound 71 (0.954 g, 2.0 mmol) and Boc-(p-Ala),-OH 63 (0.964 g,
2.4 mmol) were coupled to furnish compound 77 following the same procedure as
described for compound 72. The residue was purified by flash chromatography on silica
gel (DCM/MeOH, 94:6) to afford compound 77 (1.27 g, 74%) as a white solid. mp 134-
136 °C; [a]*p + 16.54 (¢ 1.33, MeOH); Anal. Calcd for C4sH7sNsOy: C, 62.7; H, 8.8; N,
8.1. Found: C, 62.9; H, 8.6; N, 8.2.; IR v (Nujol)/(cm™) 1647, 1716, 1733, 3292; 'H
NMR (CDCls, 400 MHz) ¢ 0.66 (s, 3H), 0.91 (s, 3H), 0.97 (d, 3H, J = 6.52 Hz), 1.40 (s,

9H), 2.02 (s, 6H), 2.28-2.46 (m, SH), 3.38 (m, 2H), 3.47 (m, 6H), 3.34-4.04 (m, 3H), 4.09
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(bs, 1H), 4.84 (bs, 1H); *C NMR (~40% CDCl; in CD;0D, 100 MHz) § 12.4, 17.3, 20.9,
21.4, 22.8, 23.0, 24.4, 25.1, 27.5, 28.2x3, 28.7, 29.6, 30.7, 31.0, 31.8, 32.6, 34.7, 35.3,
35.7,35.8,35.9, 36.0, 36.1, 36.2, 36.5, 36.7, 36.9, 38.0, 42.0, 45.6, 46.5, 47.0, 65.3, 71.6,
72.4,79.5, 156.8, 171.4, 171.8x2, 172.0, 172.5, 172.6; MS (LCMS) m/z 884.4 [M+Na]';

HRESIMS m/z 884.5320 [NH‘NEI]+ (C45H75N5011Na; calcd. 8845361)

Compound 74: LiOH (2M in H,0, 1 mL) was added to a solution of compound 72
(0.201 g, 0.25 mmol) in methanol (5 mL). The mixture was stirred at room temperature
for 12 h and the solvent was removed in vacuo. The white residue was dissolved in cold
water. Citric acid (5%) was added until pH = 7-8. The residue was filtered, washed with
water and diethyl ether and dried thoroughly under vacuum to afford compounds 74 (176
mg, 89% yield) as a white solid. mp 114-117 °C; [a]p”® + 14.62 (¢ 1.095, MeOH); Anal.
Calcd for C41HgoNsO10H,O: C, 60.8; H, 8.8; N, 8.65. Found: C, 61.0; H, 8.9; N, 8.4.; IR
Vmax (Nujol)/(cm™) 1646, 1697, 1714, 3298; '"H NMR (~10% CDCl; in CD;OD, 400
MHz) ¢ 0.71 (s, 3H), 0.96 (s, 3H), 1.01 (d, 3H, J = 6.02 Hz), 1.44 (s, 9H), 2.31-2.45 (m,
8H), 3.31-3.38 (m, 2H), 3.39-3.50 (m, 6H), 3.83 (bs, 1H), 3.97 (bs, 3H), 4.01 (bs, 1H); -
PC NMR (~40% CDCl; in CD;0D, 100 MHz) 6 12.8, 17.5, 23.2, 23.6, 23.7, 24.8, 26.4,
28.0, 28.6x3, 28.8, 30.0, 31.3, 32.5, 33.8, 34.2, 34.6, 35.6, 36.1, 36.2, 36.4, 36.5, 36.6,
37.3,37.4,39.9,42.1,46.2, 46.9, 47.4, 53.9, 68.5, 73.3, 79.8, 157.2, 172.1, 172.8, 172.9,
179.1, 181.3; MS (LCMS) m/z 814.4 [M+Na]"; HRESIMS m/z 814.4896 [M+1]"

(C41H69N5010; calcd. 8144942)

Compound 79: Compound 79 was synthesized from compound 77 (0.215 g, 0.25 mmol)
using the similar procedure as reported for compound 74. Yield (0.163 g, 84%); mp 84-87
°C; [o]p™® + 17.72 (¢ 0.79, MeOH)); Anal. Caled for C4/H71NsO9H,0: C, 61.9; H, 9.2; N,

8.8. Found: C, 62.1; H, 9.2; N, 8.9.; IR Vo (Nujol)/(cm™) 1633, 1645, 1647, 1693, 3292;
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'H NMR (~20% CDCl; in CD;0D, 400 MHz) 6 0.70 (s, 3H), 0.95 (s, 3H), 1.00 (d, 3H, J
= 6.28 Hz), 1.43 (s, 9H), 2.29-2.44 (m, 8H), 3.30-3.38 (m, 2H), 3.39-3.50 (m, 6H), 3.51-
3.60 (m, 2H), 3.54 (bs, 2H), 3.83 (bs, 1H), 3.97 (s, 1H), 4.03 (bs, 1H); *C NMR (~20%
CDCl; in CD;0D, 100 MHz) 6 12.7, 17.7, 23.1, 23.5, 24.7, 26.3, 27.9, 28.5x3, 28.7, 29.6,
31.1, 32.2, 33.7, 34.5, 35.5, 36.0, 36.2x2, 36.4, 36.5, 37.2, 37.3, 39.7, 42.0, 45.6, 46.1,
46.2,46.3,46.7,47.6, 63.1, 68.5, 73.3,79.8, 157.1, 172.0, 172.1, 172.7, 172.9, 181.5; MS
(LCMS) m/z: 800.5 [M+Na]"; HRESIMS m/z 800.5123 [M+Na]" (C4;H7N5sOoNa; calcd.

800.5149).

Compound 73: A solution of compound 72 (0.081 g, 0.1 mmol) in 2M HCIL:Et,O (5 mL)
was stirred at 0 °C for 30 min and additionally at 25 °C for 1.5 h. The volatiles were
removed under vacuum, and the residue was dried thoroughly to afford compound 73
(0.079 g, 94% vyield); [o]p® +194 (¢ 0.615, MeOH); Anal. Caled for
C37He3NsOsHCIH,O: C, 58.4; H, 8.75; N, 9.2. Found: C, 58.4; H, 8.7; N, 9.35.; IR Viax
(Nujol)/(cm™) 1654, 1714, 1735, 3269, 3444; 'H NMR (~5% CDCl; in CD;OD, 400
MHz) § 0.72 (s, 3H), 0.98 (s, 3H), 1.01 (d, 3H, J = 6.77 Hz), 2.39-2.49 (m, 4H), 2.50-2.69
(m, 4H), 3.21 (m, 2H), 3.33 (bs, 2H), 3.40-3.55 (m, 6H), 3.66 (s, 3H), 3.82 (bs, 1H), 3.96
(bs, 1H), 4.05 (bs, 1H); >C NMR (~ 20% CDCl; in CD;0D, 100 MHz) 6 13.0, 17.5, 23.3,
24.0,25.2,27.1,28.4,29.4, 30.5,31.7,31.8,31.9, 32.8, 34.1, 35.1, 36.0, 36.1, 36.4, 36.5,
36.9, 37.1, 37.1, 37.9, 40.6, 42.7, 47.3, 47.6, 47.7, 49.9, 52.0, 68.9, 73.7, 171.9, 173.5,
173.7, 173.9, 176.4; MS (LCMS) m/z 706.2 [M+1]", 728.3 [M+Na]"; HRESIMS m/z

706.4724 [M+1]" (C37HeN5Os; caled. 706.4755).

Compound 75: Compound 75 was synthesized from compound 74 (0.079 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.066 g, 91% yield);

[a]p™® +23.16 (c 0.95, MeOH); Anal. Calcd for C3¢HgNsOs HCI2H,0: C, 56.6; H, 8.7; N,
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9.2. Found: C, 56.7; H, 8.9; N, 9.3.; IR Vimax (Nujol)/(cm™) 1650, 1711, 1716, 3265; 'H
NMR (CD;0D, 400 MHz) 6 0.73 (s, 3H), 0.99 (s, 3H), 1.02 (d, 3H, J = 6.28 Hz), 2.35-
2.53 (m, 8H), 3.22 (m, 2H), 3.41-3.50 (m, 6H), 3.82 (bs, 1H), 3.97 (bs, 3H), 4.03 (m, 1H);
C NMR (CD;0D, 100.61 MHz) 6 13.0, 17.6, 23.4, 24.2, 25.5, 27.4, 28.6, 29.7, 31.9x2,
32.2,33.0, 34.5, 35.4, 36.2, 36.5, 36.7x2, 37.1, 37.2x2, 37.3, 38.2, 40.9, 43.0, 47.3, 47.5,
48.0, 66.9, 69.1, 74.0, 172.2, 173.4, 173.8, 174.0, 176.6; MS (LCMS) m/z: 692.4 [M+1]",

714.4 [M+Na]"; HRESIMS m/z 692.4584 [M+1]" (C3¢Hs:NsOs; caled. 692.4594).

Compound 78: Compound 78 was synthesized from compound 76 (0.081 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.071 g, 96% yield);
[(X]D26 +15.95 (¢ 1.63, MeOH); Anal. Calcd for C36Hs9NsO9HCI'H,O: C, 56.9; H, 8.2; N,
9.2. Found: C, 56.7; H, 8.5; N, 9.5.; IR vy (Nujol)/(cm™) 1654, 1668, 1714, 1731, 1737,
3303, 3479; '"H NMR (CD;0D, 400 MHz) ¢ 0.72 (s, 3H), 1.00 (s, 3H), 1.02 (d, 3H, J =
6.0 Hz), 2.02 (s, 3H), 2.04 (s, 3H), 3.81 (bs, 2H), 3.90 (2H, d, J=11.0 Hz ) 3.95-4.07 (m,
6H), 4.87 (s, 1H), 5.82 (bs, 1H); *C NMR (CD;OD, 100.61 MHz) ¢ 12.9, 17.9, 20.9,
21.5,23.3,24.1,25.4,26.3, 28.5, 28.8,29.9, 31.7, 32.2, 33.1, 33.9, 35.8, 36.7, 37.7, 39.4,
41.7,43.2,43.4,43.6,43.8,47.2,47.6, 48.0, 66.2, 72.9, 73.5, 168.6, 170.7, 171.9, 172.0,
172.6, 173.1; MS (LCMS) m/z 706.2 [M+1]", 728.3 [M+Na]"; HRESIMS m/z 706.440

[M+1]" (C36HgoN5Oo; calcd. 706.4391).

Compound 80: Compound 80 was synthesized from compound 79 (0.078 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.063 g, 89% yield);
[a]p™® +15.38 (¢ 0.91, MeOH); Anal. Calcd for C3¢HgsNsO-HCIH,O: C, 59.0; H, 9.1; N,
9.6; Found: C, 59.3; H, 9.2; N, 9.5.; IR Vinax (Nujol)/(cm™) 1637, 1651, 1652, 3274; 'H
NMR (CDsOD, 400 MHz) ¢ 0.72 (s, 3H), 0.97 (s, 3H), 1.02 (d, 3H, J = 6.84 Hz), 2.31-

2.49 (m, 8H), 3.17 (m, 1H), 3.37 (m, 2H), 3.39-3.50 (m, 6H), 3.53 (m, 2H), 3.82 (bs,

117



Chapter 2, Section A

1H), 3.98 (bs, 1H), 4.01 (bs, 1H); °C NMR (CD;OD 100.61 MHz) ¢ 13.0, 18.0, 23.3,
24.0,25.3,26.9, 28.5,29.4,30.1, 30.4, 31.6, 32.8, 33.7, 34.2, 35.1, 36.0, 36.4, 36.5, 36.8,
36.9, 37.0, 37.3, 37.8, 40.4, 42.6, 46.7, 47.2, 48.0, 49.9, 63.4, 68.9, 73.8, 172.1, 172.8,
173.4, 173.5; MS (LCMS) m/z 679.3 [M+2]"; HRESIMS m/z 678.4742 [M+1]"

(C36HeaN5O7; caled. 678.48006).

Compound 81: Compound 67 (1.0 g, 2.37 mmol) and Boc-(Gly),-OH 58 (0.660 g, 2.84
mmol) were coupled to furnish compound 81 following the same procedure as described
for compound 72. The residue was purified by flash chromatography on silica gel
(DCM/MeOH, 97:3) to afford compound 81 (1.113 g, 74%) as a white solid. mp 121-122
°C; [a]p® + 27.02 (¢ 0.88, MeOH); Anal. Calcd for C34Hs7N30s: C, 64.23; H, 9.04; N,
6.61 Found: C, C, 64.33; H, 8.81; N, 6.49; IR Vina (Nujol)/(cm™) 1650, 1658, 1681, 1693,
1720, 1737, 3338; '"H NMR (CDCls, 200 MHz) 6 0.68 (s, 3H), 0.93 (s, 3H), 0.99 (d, 3H, J
= 5.86 Hz), 1.44 (s, 9H), 3.66 (s, 3H), 3.76-4.01 (m, 6H), 4.05 (bs, 1H), 5.33 (bs, 1H),
6.76 (bs, 1H); °C NMR (CDCls, 50.32 MHz) ¢ 12.4, 17.2, 22.8, 23.1, 24.4, 25.9, 27.4,
28.2x3, 30.8, 31.1, 33.2, 34.3, 35.1, 35.2, 36.9, 41.7, 43.3, 44.0, 45.9, 46.4, 47.1, 51.4,

68.2,72.9, 80.1, 156.1, 168.4, 170.5, 174.8; MS (LCMS) m/z: 657.9663 [M+Na]".

Compound 82: Compound 67 (1.0 g, 2.37 mmol) and Boc-(B-Ala),-OH 59 (0.738 g, 2.84
mmol) were coupled to furnish compound 82 following the same procedure as described
for compound 72. The residue was purified by flash chromatography on silica gel
(DCM/MeOH, 96:4) to afford compound 82 (1.195 g, 76%) as a white solid. mp 123-126
°C; [OL]D25 +23.64 (c 1.1, MeOH); Anal. Calcd for C36Hg N4Os: C, 65.13; H, 9.26; N, 6.33
Found: C, 64.95; H, 9.57; N, 6.39; IR Viax (Nujol)/(cm™) 1639, 1693, 1739, 3323; 'H
NMR (CDCls, 200 MHz) ¢ 0.68 (s, 3H), 0.93 (s, 3H), 0.98 (d, 3H, J = 5.86 Hz), 1.42 (s,

9H), 2.38 (m, 4H), 3.26-3.64 (m, 4H), 3.66 (s, 3H), 3.85 (bs, 1H), 3.97 (bs, 1H), 4.10 (bs,
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1H), 6.27 (bs, 1H), 7.10 (m, 1H); "*C NMR (CDCls, 50.32 MHz) 6 12.4, 17.2, 22.7, 23.2,
24.5, 25.8, 27.4, 28.3x 3, 30.8, 31.0x2, 33.5, 34.2, 35.1, 35.2x2, 35.2, 35.6, 35.9, 36.3,
37.1,39.3, 41.7, 45.4, 45.5, 46.4, 47.1, 51.4, 68.1, 72.9, 79.2, 156.0, 171.1, 172.0, 174.7;

MS (MALDI-TOF) m/z 686.9378 [M+Na]".

Compound 87: Compound 67 (1.0 g, 2.37 mmol) and Boc-(Gly)-OH 52 (0.497 g, 2.84
mmol) were coupled to furnish compound 87 following the same procedure as described
for compound 72. The residue was purified by flash chromatography on silica gel
(DCM/MeOH, 97:3) to afford compound 87 (0.973 g, 71%) as a white solid. mp 92-94
°C; [(X]D26 + 25.38 (¢ 0.788, MeOH); Anal. Calcd for C5,Hs4N,O7: C, 66.41; H, 9.40; N,
4.84 Found: C, 66.74; H, 9.56; N, 5.09; IR Vimax (Nujol)/(cm™) 1666, 1716, 1722, 1737,
3429; 'H NMR (CDCl3, 200 MHz) 6 0.67 (s, 3H), 0.91 (s, 3H), 0.97 (d, 3H, J = 6.0 Hz),
1.44 (s, 9H), 3.73 (d, 2H, J = 7 Hz), 3.83 (bs, 1H), 3.96 (s, 1H), 4.06 (bs, 1H), 5.52 (bs,
1H), 6.74 (bs, 1H); °C NMR (CDCls, 50.32 MHz) § 12.4, 17.2, 22.9, 24.5, 25.7, 27.4,
28.2x3, 28.3, 30.8, 31.0, 33.3, 35.1, 35.2, 37.2, 39.3, 42.6, 44.8, 45.4, 46.4, 47.0, 51.4,

68.2,73.0, 80.1, 156.4, 169.3, 174.8; MS (MALDI-TOF) m/z 601.0773 [M+Na]".

Compound 88: Compound 67 (1.0 g, 2.37 mmol) and Boc-(B-Ala)-OH 58 (0.536 g, 2.84
mmol) were coupled to furnish compound 88 following the same procedure as described
for compound 72. The residue was purified by flash chromatography on silica gel
(DCM/MeOH, 96:4) to afford compound 88 (1.124 g, 80%) as a white solid. mp 99-101
°C; [OL]D25 + 26.98 (¢ 1.26, MeOH); Anal. Calcd for C33HssN,O7: C, 66.86; H, 9.52; N,
4.73. Found: C, 66.97; H, 9.35; N, 4.83; IR Vpax (Nujol)/(cm™) 1662, 1701, 1716, 1734,
3264, 3387; '"H NMR (CDCl3;, 200 MHz) 6 0.68 (s, 3H), 0.93 (s, 3H), 0.98 (d, 3H, J =
5.82 Hz), 1.42 (s, 9H), 2.39 (t, 2H, J = 6.04 Hz, J = 11.38 Hz), 3.84 (bs, 2H), 3.36 (m,

2H), 3.65 (s, 3H), 3.84 (bs, 1H), 3.96 (bs, 1H), 4.09 (bs, 1H), 5.36 (bs, 1H), 6.12 (bs, 1H);
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BC NMR (CDCls, 50.32 MHz) 6 12.4, 17.2, 22.9, 23.2, 24.5, 25.8, 27.4, 28.3x 3, 30.8,
31.0, 33.3, 34.2, 35.1, 35.2, 36.6, 37.2, 39.3, 41.6, 45.5, 46.4, 47.2, 51.4, 68.2, 72.9, 79.3,

156.3, 171.1, 174.8; MS (LCMS) m/z: 592.7398 [M]".

Compound 85: Compound 85 was synthesized from compound 82 (0.165 g, 0.25 mmol)
using the similar procedure as reported for compound 74. Yield (0.141 g, 87%); mp 139-
141 °C; [a]p*® + 23.76 (¢ 1.01, MeOH)); Anal. Caled for C3sHsoN3Os: C, 64.69; H, 9.15;
N, 6.47 Found: C, 64.48; H, 9.19; N, 6.50; IR Vinax (Nujol)/(cm™) 1656, 1693, 1697, 1708,
3330; 'H NMR (~10% CDCI; in CD;0D, 400 MHz) 6 0.72 (s, 3H), 0.98 (s, 3H), 1.02
(d, 3H, J = 6.37 Hz), 1.44 (s, 9H), 2.35 (t, 2H, J = 6.83 Hz, 13.37 Hz), 2.42 (t, 2H, J =
6.83 Hz, 13.35 Hz), 3.29-3.36 (m, 2H), 3.43 (t, 2H, J = 6.83 Hz, 13.37 Hz), 3.82 (bs, 1H),
3.97 (bs, 1H), 4.03 (bs, 1H); *C NMR (~10% CDCl; in CD;0D, 100.61 MHz) 6 13, 17.6,
23.4, 24.0, 25.3, 26.9, 28.4, 28.7x3, 29.4, 31.6, 32.1, 32.2, 34.2, 35.1, 36.5, 37.0, 37.2,
37.8, 37.9, 40.5, 42.6, 46.8, 47.2, 47.8, 68.9, 73.8, 80.0, 157.9, 172.8, 173.7, 178.5; MS

(MALDI-TOF) m/z 672.1835 [M+Na]", 688.1438 [M+K]".

Compound 91: Compound 91 was synthesized from compound 87 (0.144 g, 0.25 mmol)
using the similar procedure as reported for compound 74. Yield (0.125 g, 89%); mp 149-
151 °C; [o]p”® + 27.63 (¢ 0.79, MeOH)); Anal. Calcd for C3;Hs:N,O5: C, 65.93; H, 9.28;
N, 4.96 Found: C, 66.14; H, 9.43; N, 4.81; IR Vimax (Nujol)/(cm™) 1650, 1697, 1705, 3351
(broad); "H NMR (~20% CDCl; in CD;0D, 400 MHz) ¢ 0.71 (s, 3H), 0.97 (s, 3H), 1.02
(d, 3H, J = 6.17 Hz), 1.47 (s, 9H), 3.69 (bs, 2H), 3.83 (bs, 1H), 3.96 (bs, 1H), 4.05 (bs,
1H); *C NMR (~20% CDCl; in CD;0D, 100 MHz) § 12.9, 17.5, 23.4, 23.8, 25.0, 26.6,
28.2, 28.6x3, 29.1, 31.5, 31.7, 31.8, 34.0, 34.8, 35.8, 36.1, 37.9, 40.1, 42.3, 44.6, 46.3,
47.0, 47.5, 49.9, 68.6, 73.5, 80.6, 157.8, 170.8, 178; MS (MALDI-TOF) m/z 587.1513

[M+Na]", 603.1132 [M+K]".
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Compound 92: Compound 92 was synthesized from compound 88 (0.148 g, 0.25 mmol)
using the similar procedure as reported for compound 74. Yield (0.131 g, 91%); mp 144-
147 °C; [a]p™ + 27.1 (¢ 0.812, MeOH)); Anal. Calcd for C3,HssN,O; C, 66.41; H, 9.40;
N, 4.84 Found: C, 66.38; H, 9.18; N, 4.99; IR Viax (Nujol)/(cm™) 1647, 1693, 1712, 3342;
'H NMR (~10% CDCl; in CD;0D, 400 MHz) 6 0.71 (s, 3H), 0.97 (s, 3H), 1.02 (d, 3H, J
= 6.33 Hz), 1.47 (s, 9H), 2.16-2.30 (m, 2H), 3.69 (m, 2H), 3.83 (bs, 1H), 3.96 (bs, 1H),
4.05 (bs, 1H); °C NMR (~10% CDCl; in CD;0D, 100.61 MHz) 6 12.9, 17.5, 23.3, 23.8,
25.1, 26.7, 28.2, 28.7x3, 29.2, 31.5, 31.8x2, 34.0, 35.0, 35.9, 36.0, 36.2, 36.9, 37.7, 37.8,
40.3,42.4,46.6,47.1, 47.6, 68.8, 73.6, 80.0, 157.8, 172.7, 177.8; MS (MALDI-TOF) m/z

601.7855 [M+Na]", 617.0296 [M+K]".

Compound 83: Compound 83 was synthesized from compound 81 (0.063 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.050 g, 94% yield);
[a]p?” +28.28 (¢ 0.99, MeOH); IR vima (Nujol)/(cm™) 1649, 1658, 1685, 1716, 3240,

3363; MS (MALDI-TOF) m/z 558.2144 [M+Na]", 574.1624 [M+K]".

Compound 84: Compound 84 was synthesized from compound 82 (0.066 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.050 g, 90% yield); mp
206-208 °C; [OL]D26 +20.9 (¢ 0.67, MeOH); Anal. Calcd for C3;Hs3N3;O0¢HCI: C, 62.03; H,
9.07; N, 7.00 Found: C, 62.35; H, 9.23; N, 7.12; IR vyay (Nujol)/(cm™) 1645, 1654, 1720,
1735, 3315, 3417; 'H NMR (~10% CDCl; in CD;0D, 400 MHz) ¢ 0.71 (s, 3H), 0.97 (s,
3H), 1.02 (d, 3H, J = 5.69 Hz), 2.35-2.50 (m, 4H), 3.06 (t, 2H, J=6.03 Hz, J = 12.05 Hz
), 3.44 (t,2H, J="7.03 Hz, J=13.39 Hz ), 3.68 (s, 3H), 3.84 (bs, 1H), 3.96 (bs, 1H), 4.01
(bs, 1H); °C NMR (~10% CDCl; in CD;0D, 100.61 MHz) 6 12.8, 17.4, 23.1, 23.6, 24.8,

26.4, 279, 28.8, 31.2, 31.4, 31.5, 33.7, 34.6, 35.6, 35.8, 36.0, 36.6x2, 37.4, 37.4, 39.9,
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42.1, 46.2, 46.8, 47.3, 51.9, 68.6, 73.3, 172.1, 172.4, 176.0; MS (MALDI-TOF) m/z

564.2188 [M+1]",586.2240 [M+Na]", 602.1502 [M+K]".

Compound 86: Compound 86 was synthesized from compound 85 (0.065 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.046 g, 84% yield); mp
187-189 °C; [(X]D26 +22.01 (¢ 1.09, MeOH); Anal. Calcd for C30Hs;N3;O¢HCI: C, 61.47;
H, 8.94; N, 7.17 Found: C, 61.39; H, 9.16; N, 7.16; IR Viax (Nujol)/(cm™) 1641, 1713,
1735, 3359; 'H NMR (CD;0D, 400 MHz) 6 0.71 (s, 3H), 0.97 (s, 3H), 1.01 (d, 3H, J =
6.28 Hz), 2.46 (t, 2H, J=6.73 Hz, J=13.47 Hz ), 2.49 (t, 2H, J = 6.74 Hz, J = 12.55 Hz
), 3.18 (t, 2H, J = 5.81 Hz, J = 12.24 Hz ), 3.44 (t, 2H, J = 6.43 Hz, J = 12.86 Hz ), 3.80
(bs, 1H), 3.94 (bs, 1H), 4.00 (m, 1H); °C NMR (CD;OD, 100.61 MHz) ¢ 13.0, 17.6,
23.4,24.2,255,27.3,28.6,29.7,31.8,31.9, 32.2, 32.9, 34.5, 35.4, 36.3, 36.4, 36.7, 37.2,
37.3, 38.2, 40.9, 43.0, 47.2, 47.5, 48.0, 69.1, 74.0, 172.1, 173.2, 176.5; MS (MALDI-

TOF) m/z 573.1524 [M+Na]", 589.1092 [M+K]".

Compound 89: Compound 89 was synthesized from compound 87 (0.058 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.044 g, 92% yield); mp
118-120 °C; [(1]])25 +28.27 (¢ 1.91, MeOH); Anal. Calcd for Cy7H4sN,OsHCI: C, 62.95;
H, 9.20; N, 5.44 Found: C, 63.19; H, 9.03; N, 5.27; IR vma (Nujol)/(cm™) 1680, 1731,
3417; "H NMR (CDCls, 400 MHz) § 0.68 (s, 3H), 0.93 (s, 3H), 0.97 (d, 3H, J = 5.29 Hz),
3.42 (m, 2H), 3.66 (s, 3H), 3.84 (s, 1H), 3.96 (s, 3H), 4.09 (bs, 1H); °C NMR (CD;0OD,
100 MHz) ¢ 12.5, 17.2, 23.1, 23.2, 24.7, 26.0, 27.4, 28.5, 30.9, 31.1x2, 33.6, 34.3, 35.1,
35.2,37.3,39.4,41.8, 45.0, 46.5,47.2, 51.5, 68.2, 72.9, 172.8, 174.8; MS (MALDI-TOF)

m/z 501.2392 [M+Na]", 517.1613 [M+K]".

Compound 90: Compound 90 was synthesized from compound 88 (0.059 g, 0.1 mmol)

using the similar procedure as reported for compound 73. Yield (0.046 g, 91% yield);
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[0]p?® +24.52 (¢ 1.06, MeOH); IR vmax (Nujol)(cm™) 1643, 1656, 1720, 1735, 3336,

3369; MS (MALDI-TOF) m/z 493.2378 [M+1]",515.2359 [M+Na]".

Compound 93: Compound 93 was synthesized from compound 91 (0.056 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.040 g, 87% yield); mp
129-131 °C; [a]p”’ +26.54 (¢ 1.13, MeOH); Anal. Caled for CogHuN,OsHCL: C, 62.32;
H, 9.05; N, 5.59 Found: C, 62.41; H, 8.90; N, 5.50; IR Viax (Nujol)/(cm™) 1670, 1711,
1714, 3245, 3357, 'H NMR (CD;0D, 400 MHz) § 0.71 (s, 3H), 0.98 (s, 3H), 1.01 (d, 3H,
J = 6.52 Hz), 3.54-3.70 (m, 2H), 3.80 (bs, 1H), 3.95 (bs, 3H), 4.07 (m, 1H); °C NMR
(CD;0D, 100.61 MHz) ¢ 13.0, 17.6, 23.4, 24.2, 25.6, 27.3, 28.6, 29.7, 31.8x2, 32.2, 34.5,
35.4, 36.3, 36.7, 38.3, 40.9, 41.6, 43.0, 47.5, 47.6 48.0, 69.0, 74.0, 166.5, 176.5; MS

(MALDI-TOF) m/z 487.1214 [M+Na]", 504.1456 [M+K]".

Compound 94: Compound 94 was synthesized from compound 92 (0.058 g, 0.1 mmol)
using the similar procedure as reported for compound 73. Yield (0.039 g, 81% yield); mp
110-113 °C; [a]p*® +25.0 (¢ 1.04, MeOH); Anal. Caled for Co;H4N,OsHCI: C, 62.95; H,
9.20; N, 5.44 Found: C, 63.10; H, 9.31; N, 5.68; IR vimax (Nujol)/(cm™) 1643, 1650, 1713,
3269, 3368; '"H NMR (CD;OD, 400 MHz) ¢ 0.71 (s, 3H), 0.98 (s, 3H), 1.01 (d, 3H, J =
6.06 Hz), 2.66 (m, 2H), 3.17 (m, 2H), 3.80 (bs, 1H), 3.95 (bs, 3H), 4.04 (m, 1H); °C
NMR (CD;OD, 100.61 MHz) ¢ 13.0, 17.6, 23.4, 24.2, 25.6, 27.3, 28.7, 29.7, 31.86, 31.9,
32.2,32.7,34.5,354, 36.3, 36.7, 37.3, 38.3, 40.9, 43.0, 47.2, 47.5, 48.0, 66.9, 69.1, 74.0,

171.6, 176.5; MS (MALDI-TOF) m/z 501.1702 [M+Na]", 518.2012 [M+K]".

Antimicrobial Activity:
Materials and Methods. Human pathogens C. albicans and C. neoformans; saprophytes
B. poitrasii and Y. lipolytica were maintained on YPG (yeast extract, 0.3%; peptone,

0.5%; and glucose, 1%) agar slants. F. oxysporum (plant pathogen) was maintained on
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PDA (potato, 20%; dextrose, 2%) agar slants at 28 °C. E. coli (NCIM 2574) and S. aureus
(NCIM 2122) were maintained on NA (beef extract, 0.3%; peptone, 0.5%; sodium
chloride, 0.5%) slants. Strains of C. albicans, C. neoformans, Y. lipolytica and B. poitrasii
were inoculated in YPG broth. C. albicans, C. neoformans and Y. lipolytica were
incubated at 28 °C where as B. poitrasii was incubated at 37 °C for 24 h. F. oxysporum
was inoculated in potato dextrose and incubated at 28 °C for 48 h whereas bacterial
strains E. coli and S. aureus in NA broth for 24 h. Compounds 60 to 66 and compounds
62 to 80 were solubilized in DMSO, and stock solutions of 1.28 mg/mL were prepared.
Amphotericin B, Fluconazole, Tetracycline and Erythromycin were also dissolved in

DMSO, and were used as a positive control.

MIC and ICs, determination: In vitro antifungal and antibacterial activity of the newly
synthesized compounds were studied against the fungal strains viz., C. albicans, C.
neoformans, B. poitrasii, Y. lipolytica, F. oxysporum strains and bacterial strains E. coli
(NCIM 2574), and S. aureus (NCIM 2122), respectively to find out MIC (Minimum
Inhibitory Concentration) and 1Cso (50%, Inhibition of Growth) values. Experiments were
performed in triplicate under similar experimental conditions. MIC and ICsy of the
synthesized compounds were determined according to standard broth microdilution
technique as per NCCLS guidelines.® Testing was performed in U bottom 96 well tissue
culture plates in YPG, PD broth for fungal strains and Nutrient broth for bacterial strains.
The concentration range of tested compounds and standard was 0.25 to 128 pg/mL. The
plates were incubated at 28 °C for all the microorganisms except for B. poitrasii (37 °C),
absorbance at 600 nm were recorded to assess the inhibition of cell growth after 24 h for
B. poitrasii and Y. lipolytica, 48 h for C. albicans and F. oxysporum, 72 h for C.

neoformans and 24 h for bacterial cultures. MIC was determined as 90% inhibition of
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growth with respect to the growth control and ICsy was the concentration at which 50%

growth inhibition was observed.

Table 1: The half maximal inhibitory concentration (ICsg) of modified steroids.

Antimicrobial Activity 1Cso (zg/ml)

Entry Comp. No. Fungal Strains Bacterial Strains
A B C D E F G
1 66 128 >128 96 >128 64 64 64
2 72 16 >128 8 64 16 64 64
3 73 64 >128 12 >128 16 48 24
4 74 14 >128 24 >128 24 128 64
5 75 8 >128 16 >128 32 16 128
6 76 32 >128 16 >128 32 32 96
7 77 16 >128 16 32 96 96 16
8 78 28 >128 8 >128 16 64 32
9 79 50 >128 64 >128 32 64 64
10 80 16 >128 16 >128 48 16 128
11 AmpB 0.5 8 8 8 8 NT NT
12 Fluconazole 4 16 16 32 4 NT NT
13 Tetracycline NT NT NT NT NT 1 4
14  Erythromycin  NT NT NT NT NT 16 16

A, C. albicans; B, C. neoformans; C, B. poitrasii; D, Y. lipolytica; E, F. oxysporum; F, E. coli; G, S.
aureus; NT- Not Tested.

Antiproliferative Activity:

Materials and Methods: Cell culture: Human embryonic kidney (HEK293) and human
mammary adenocarcinoma (MCF-7) cell lines were grown in a monolayer in nutrient
media DMEM supplemented with fetal bovine serum (10%), penicillin (100 U/mL), and
streptomycin (100 xg/mL) (all from Invitrogen Life Technologies, MD). The cells were

grown at 37 °C in presence of 5% CO..

MTT Cell Proliferation Assay. HEK293 and MCF-7 cells were plated at a density of
10* cells per well in 96-well tissue culture plates. Cells were allowed to adhere for 24 h at
37 °C. Stock solutions of all the compounds were prepared in DMSO at a concentration

of 10 mM and diluted to the required concentration. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
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diphenyltetra- zolium bromide (MTT) was dissolved (5 mg/ml) in DMEM (without
phenol red) and filtered through a 0.22 um filter before use. The cells were treated with
various concentrations (0, 1, 10, 100 and 1000 M) of compounds dissolved in DMSO
for additional 48 h, in triplicate. In the control wells, nutrient medium with a
corresponding concentration of DMSO only was added to the cells. Thereafter, the drug
containing medium was replaced with 50 x4l media containing 1 mg/mL MTT and
incubated for 4 h at 37 °C. Medium was then aspirated off from the formazan crystals,
which were then solubilized in 100 xL of acidified isopropanol. 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. All assays were performed in triplicate.

126



Chapter 2, Section A

Cytotoxicity in HEK293 cells
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Figure 16. Cytotoxicity of 66 and 72-74 in HEK293 cells.

Cytotoxicity in HEK293 cells

—— 20
100 - =37
—h— 38
an —e— 3
a0 =m0
a —s— 1
FO A
o)
o G0
'ﬂ 50
B
g
=] 20 A
i
20
&
10 A
u] T T T
I I I I
1 10 100 1000
Concentration (i)

Figure 17. Cytotoxicity of 75-80 in HEK293 cells.
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Cytotoxicity in MCF-7 cells
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Figure 18. Cytotoxicity of 66 and 72-74 in MCF-7 cells.
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Figure 19. Cytotoxicity of 75-80 in MCF-7 cells.
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2A.9. Selected Spectra

Compound 61: 'H NMR, 200 MHz, (~30% CD;0D in CDCLy)
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Compound 63: "H NMR, 500. MHz, CD;0D
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Compound 63: °C NMR, 125.76 MHz, CD;0D
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Compound 68: "H NMR, 200 MHz, CDCl;
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"H NMR, 200 MHz, CDCl,
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Compound 70: "H NMR, 200 MHz, CDCl,
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Compound 71: "H NMR, 200 MHz, CDCl;
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Compound 72: "H NMR, 400 MHz, CDCl,
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Compound 77: "H NMR, 400 MHz, CDCl,
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Compound 74: "TH NMR, 400 MHz, (~10% CDCl; in CD;0D)
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Compound 74: °C NMR, 100.61 MHz, (~40% CDCl; in CD;0D)
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CDCl; in CD3;0D)
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Compound 73: "H NMR, 400 MHz (~ 5% CDCl; in CD;0D)
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Compound 75: "H NMR, 400 MHz, CD;0D
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Compound 78: "H NMR, 400 MHz, CD;0D
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400 MHz, CD;0OD

2l

"H NMR
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Compound 81: "H NMR, 200 MHz, CDCl;
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Compound 81: °C NMR, 50.32 MHz, CDCl;
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Compound 82: "H NMR, 200 MHz, CDCl;
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Compound 87: '"H NMR, 200 MHz, CDCl;
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Compound 88: "H NMR, 200 MHz, CDCl;
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Compound 85: 'H NMR, (~10% CDCl; in CD;0D, 400 MHz)
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Compound 85: °C NMR, 100.61 MHz, (~10% CDCI; in CD;0D)
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Compound 91: '"H NMR, 400 MHz, (~20% CDCl; in CD;0D)
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Compound 92: "H NMR, , 400 MHz. (~10% CDCl; in CD;0D)
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Methenol D4

69'8¢—

- 00'67—

ov'8L—

9L'TE:

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180

149
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Compound 84: 'H NMR, 400 MHz (~10% CDCl; in CD;0D)
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Compound 86: '"H NMR, 400 MHz, CD;0D
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Compound 89: '"H NMR, 400 MHz, CDCl;
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Compound 93: "H NMR, 400 MHz, CD;0D

H20 in CD30D
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Compound 94: "H NMR, 400 MHz, CD;0D
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2B.1. Abstract

Carboxamides are obtained efficiently in high yields from azides on reaction with
corresponding preformed activated carboxylic acids in a single-step reductive
transformation using hydrogen atmosphere (balloon) under Pd/CaCOs and/or Pd/BaSQO4
catalysis. The method is highly chemoselective and compatible with highly labile

functional groups such as benzyl carbamates, benzyl ethers, benzyl esters and olefins.
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2B.2. Introduction

The conversion of azides to amines is an important transformation in organic synthesis.’
The amines are further converted to the corresponding carboxamides which is the most
common functionality in many biological interesting molecules. Several methods have
been developed for the direct amidation of carboxylic acids and amines.” To overcome the
situation where free amines can not be used because of structural wavering, azides have

been used to directly form amide bonds.

2B.3. Literature Survey

The classical method of conversion of azide to amides includes Staudinger-type ligation
involving the acylation of an iminophosphorane®® and the amidation of carboxylic acid
with an azide in the presence of triallyl phosphine™'® (Figure 1). A one pot self regulated
approach for the synthesis of amides based on two redox reactions has been described by
Ghosh and co-workers.!" Recently Hu ef al documented selenocaboxylate/azide
amidation,'” as an alternate method to the conventional nucleophilic acylation when an
amide bond needs to be formed without going through an amine intermediate. The other
attractive method was, Williams thio acid/azide amidation,13 which was also documented
as an improved method for the synthesis of N-acyl sulfonamides.'"* A new chemical
ligation method was also reported by Raines et a/ in which phosphinobenzenethiol was

used to link a thioester and azide to form an amide bond."
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* Staudinger type ligation
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Figure 1:Literature reports on the conversion of azides to carboxamides

As a part of an ongoing program on synthesis of biologically interesting bile acid-
aminoacid conjugates,'® we required an efficient one pot method for the chemoselective
transformation of azide to carboxamides. The major drawback of the Staudinger-type
ligation involves with the overall yield and purification of products where as William
thioacid/azide amidation and selenocarboxylate/azide amidation requires the conversion
of acids to thio acids and selenocarboxylates respectively. Therefore there is an urgent

need for the exceptionally chemoselective and operationally very simple protocol for the
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synthesis of carboxamides directly from azides. What attracted our attention was the
reductive transformation of azides to N-(tert- butoxycarbonyl)amines via catalytic
hydrogenation by Saito er al'’ and Baskaran et al.'® Various methods have been
developed for such type of transformation using triethylsilane'®  or

20,21

polymethylhydrosiloxane™ " as hydrogen source.

Based on the above-mentioned observations and in continuation of our recent work in our
laborotary,” here we describe a new and efficient “one pot” chemoselective protocol for
the preparation of carboxamides. In this practice carboxamides were obtained efficiently
in high yields from azides on reaction with corresponding preformed activated carboxylic
acids in a single-step reductive transformation using hydrogen atmosphere (balloon)

under Pd/CaCO; and/or Pd/BaSOy catalysis.

2B.4. Result and Discussion

The first successful result for the amidation of benzyl azide 1a with Boc-Gly-OSu 2a was
obtained using Pd-BaSO, in THF to furnish compound 3 in 86 % yield. Continuous 18
hrs of H, (balloon) atmosphere was required for the complete consumption of the starting
materials at 25 °C (Table 1, Entry 1), whereas at 0 °C we have noticed no reaction for 20
h. Compound 4 was obtained in good yield when benzyl azide 1a was treated with Boc-
Glu-(07Bu)-OSu 2b (Entry 2). Similarly, compound 5 was obtained in 82 % yield when
benzyl azide 1a was treated with Boc-Thr-(Bzl)-OSu 2¢ (Entry 3). This was our first
evidence for chemoselective reductive transformation of azide to carboxamides in the
presence of benzyl ethers. Unfortunately we could not achieve the required
chemoselectivity for the reduction of azides over benzyl esters (Entry 4), as the benzyl
ester functionality in compound Boc-Asp-(OSu)-OBzl 2d was hydrogenolyzed under the

present reaction conditions. The longer reaction time may be one of the reasons for the
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observed hydrogenolysis of the benzyl ester functionality. To reduce the reaction time we
planned to use polar-protic solvents such as ethanol instead of THF. For this the stability
of the N-hydroxy succinimide (NHS) ester in compound 2a was verified by simply
stirring the activated ester in EtOH. The ester 2a was found to be stable in EtOH for the
period of about 12 hrs. We observed ethanolysis of compound 2a at elevated temperatures
as well as when the reaction time was more than 12 hrs. This suggests that EtOH can be
utilized for the reaction at room temperature provided reaction completes within 10-12
hrs. The first trial experiment for the amidation of benzyl azide 1a with Boc-Gly-OSu 2a
in EtOH at 25 °C using H; balloon and Pd-BaSO, catalysis produced the desired amide 3
within 0.5 hrs (Entry 1). Similar way we have drastically reduced the reaction time for
carboxamide 4 and 5 in Ethanol (0.5 h) compared to the earlier reported method, which

required 18-19 h for the reaction to complete in THF.

Yet again, we could not realize the synthesis of carboxamide 7, instead; compound 6 was
formed when benzyl azide 1a was treated with Boc-Asp-(OSu)-OBzl 2d under the
catalytic hydrogenation condition using Pd-BaSO, in EtOH within 0.5 hrs (Entry 4). After
surveying several reagent systems for this transformation the best result was achieved
with the use of Lindlar catalyst (Pd-CaCO;) in EtOH. In a typical experimental
procedure, benzyl azide 1a when treated with Boc-Asp-(OSu)-OBzl 2d in EtOH at 25 °C
using H; balloon and Pd-CaCOj; catalysis produced the desired amide 7 in 81 % yield.
within 0.5 hrs (Entry 1). Successful result obtained with substrate 2d encouraged us to
extend our objective. The simplicity, remarkable chemoselectivity and mildness of this
catalytic transformation were exhaustively studied with compounds bearing different
sensitive functional groups such as benzyl ethers (Entry 3 and 11), olefins (Entry 6 and 8)

and benzyl carbamates (Entry 7 and 8). In particular, synthesis of compound 10 (Entry 8)
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was realized when azide bearing double bond 1b and NHS ester bearing N-Cbz protecting
group 2e were exposed to the present modified protocol. As expected, azide possessing
olefin functional group was smoothly converted into the corresponding carboxamides 10
in excellent yield without affecting the carbon-carbon double bonds and N-Cbz protecting
group. The scope and generality of this protocol was utilized in our current research for
the synthesis of peptide 11 (Entry 9) and steroidal carboxamides 12 as well as 13 (Entry

10 and 11, respectively).

2B.5. Conclusion

In the present manuscript, we have demonstrated a new robustic, efficient “one pot”
chemoselective protocol for the preparation of carboxamides. In this practice
carboxamides were obtained efficiently in high yields from azides on reaction with
corresponding preformed activated carboxylic acids in a single-step reductive
transformation using hydrogen atmosphere (balloon) under Pd/CaCOs; and/or Pd/BaSQO4
catalysis. Along with this, the simplicity, remarkable chemoselectivity and mildness of
this catalytic transformation were exhaustively studied with compounds bearing different
sensitive functional groups such as benzyl ethers, olefins and benzyl carbamates and
benzyl esters. The scope and generality of this protocol was utilized in our current

research for the synthesis of peptide and steroidal carboxamides .
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Table 1.
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 A- Palladium, 5 wt. % on barium sulphate; B- Palladium, 5 wt. % on calcium carbonate.

YYields for the reactions carried out in THF (Other all yields are for the reaction carried out in EtOH).

# Entry 1A, 2A, 3A was earlier reported in our laboratory.”
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2B.6. Experimental Section

General Methods:

Palladium, 5 wt. % on calcium carbonate, poisoned with lead (Lindlar Catalyst) and
Palladium, 5 wt. % on barium sulphate, unreduced were purchased from Aldrich, Benzyl
azide la was obtained from Alfa Aesar, Boc-L-Glycine N-hydroxysuccinimide Ester
(Boc-Gly-OSu) 2a, No-t-Boc-L-Glutamic acid y-#-butyl ester N-hydroxysuccinimide ester
(Boc-Glu-(0O7Bu)-OSu) 2b, Boc-O-benzyl-L-threonine N-hydroxysuccinimide ester (Boc-
Thr(Bzl)-OSu) 2¢, Boc-L-aspartic acid B-N-hydroxysuccinimide ester o-benzyl ester
(Boc-Asp(OSu)-OBzl) 2d, N-(Benzyloxycarbonyl)glycine N-hydroxy-succinimidyl ester
(Z-Gly-OSu) 2e were purchased from Bachem. The non-commercial 1-scuunimidyl-/N-
tert-butyloxycarbonylglycylglycinate® (Boc-Gly-Gly-OSu 2f) and azides (cinamyl
azide®* 1b and steroidal azide1c) and were synthesized according to the literature

procedures.

Experimental Procedure:

Compound 3: (N-Benzyl-a-[(tert-butoxycarbonyl)amino)acetamide) Palladium, 5 wt.
% on calcium carbonate, poisoned with lead (30 mg, 15 % by wt.) was added
successively to a stirred solution of Boc-Gly-OSu 2a (200 mg, 0.73 mmol) and benzyl
azide 1a (108 pL, 0.87 mmol) in EtOH (5 mL). The reaction flask was evacuated and
flushed with hydrogen gas. The resultant mixture was stirred under hydrogen atmosphere
(balloon) at 25 °C for 30 min. After completion of the reaction, the catalyst was filtered
through a pad of celite, the filter cake was washed with EtOH (20 mL) and the filtrate was
concentrated under reduced pressure. This crude product was dissolved in EtOAc (100
mL) washed with 10 % citric acid (2x10 mL), 20 % NaHCO; (2x10 mL), cold water

(2x10 mL), brine (10 mL) and was dried over Na,SO4. The residue was purified over
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silica gel (100-200 mesh) using 2 % MeOH/CH,Cl, to afford compound 3 as a white
solid (176 mg, 91 % yield); mp 65-66 °C (lit.** mp 64-68 °C); Anal. Calcd for
C14H,0N,03: C, 63.62; H, 7.63; N, 10.60. Found: C, 63.8; H, 7.5; N, 10.9; IR Ve (Nujol)
3308, 1703, 1658, 1530 cm™; "H NMR (CDCls, 200 MHz) § 1.41 (s, 9H), 3.82 (d, 2H, J =
6Hz), 4.45 (d, 2H, J = 6Hz), 5.30 (bs, 1H), 6.67 (bs, 1H), 7.24-7.37 (m, 5H); °C NMR
(CDCls, 50 MHz) & 28.1, 43.1, 44.1, 80.0, 127.3, 127.5x2, 128.5x2, 137.9, 156.1, 169.5;

MS (LCMS) m/z 264.2 2253 [M+H]", 287.2134 [M+Na]".

Compound 4: White solid, mp 71-72 °C; Anal. Calcd. for C,;H3,N,Os: C, 64.26; H,
8.22; N, 7.14; Found: C, 64.4; H, 8.3; N, 7.4.; IR vmax (Nujol) 3347, 1739, 1652, 1537
cm™; 'H NMR (CDCls, 500 MHz) & 1.38 (s, 9H), 1.86 (m, 1H), 2.01 (m, 1H), 2.24 (m,
1H), 2.31 (m, 1H), 4.09 (bs, 1H), 4.36 (bs, 2H), 5.33 (bs, 1H), 6.71 (bs, 1H), 7.18-7.25

(m, SH); MS (LCMS) m/z 637.4189 [M+H]", 660.4564 [M+Na]".

Compound 5: White solid, mp 92 °C; Anal. Calcd for Cy3H30N,O4: C, 69.32; H, 7.59;
N,7.03. Found: C, 69.3; H, 7.7; N,7.103; IR v (Nujol) 3320, 1706, 1667, 1547, 1223
cm™; '"H NMR (CDCls, 300 MHz) & 1.10 (d, 3H, J = 6.0 Hz), 1.45 (s, 9H), 4.10-4.60 (m,
6H), 5.50 (m, 1H), 6.82 (m, 1H), 7.20-7.38 (m, 10H); °C NMR (CD;OD, 75 MHz) &
15.8, 28.1, 43.2, 47.8, 71.5, 74.8, 79.9, 127.5, 127.7, 127.8, 128.4, 128.7, 138.0, 156.1,

170.1; MS (LCMS) m/z 421.2420 [M+Na]".

Compound 6: Yellowish white semisolid; IR vyax (Nujol) 3297, 1719, 1693, 1689 cm’1;
'H NMR (CDCls, 200 MHz) § 1.38 (s, 9H), 2.87 (m, 2H), , 4.27-4.5 (m, 3H), 5.95 (s,
1H), 7.24 -7.31 (m, 5H); Anal. Calcd for C;6H2,N,0s: C, 59.61; H, 6.88; N, 8.69. Found:

C, 59.6; H, 6.7; N, 8.7; MS (LCMS) m/z 323.4621 [M+H]", 345.4657 [M+Na]".
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Compound 7: White solid. mp 90-91 °C (lit.25 mp 91 °C); Anal. Calcd for C3H,sN,Os:
C, 66.97; H, 6.84; N, 6.79. Found: C, 67; H, 6.8; N, 6.679; IR vinex (Nujol) 3331, 1735,
1888, 1650 cm™; '"H NMR (CDCls, 200 MHz) & 1.43 (s, 9H), 2.77 (dd, 1H, J =6 & 17
Hz), 3.09 (dd, 1H, J= 5.4 & 17 Hz), 4.25-4.5 (m, 1H), 4.56 (bs, 2H), 5.13 (s, 2H), 5.71 (s,
1H), 6.87 (s, 1H), 7.23 -7.39 (m, 10H); >C NMR (CDCl;, 50 MHz) § 28.1x3, 36.0, 43.3,
50.6, 66.7, 80.4, 127.3, 127.4x2, 128.1x2, 128.3, 128.48x2, 128.5x2, 135.3, 137.8, 155.5,

170.5, 171.5; MS (LCMS) m/z 413.5396 [M+H]",435.5512 [M+Na]".

Compound 8. Yellowish gummy material; Anal. Calcd for C;sH2,N,Os3: C, 66.18; H,
7.64; N, 9.65. Found: C, 66.3; H, 7.5; N, 9.7; IR vimax (Nujol) 3347, 1701, 1681 cm™; 'H
NMR (CDCl3, 200 MHz) 6 1.44 (s, 9H), 3.83 (d, 2H, J = 6Hz), 4.05 (m, 2H), 5.33 (bs,
1H), 6.09-6.23 (dt, J=15.9 & 6Hz, 1H), 6.42 (d, 1H, J = 16Hz), 6.56 (bs, 1H), 7.23 -7.37
(m, 5H); °C NMR (CDCls, 50 MHz) ¢ 28.2x3, 41.3, 42.2, 80.1, 125.1, 126.2x2, 127.6,
128.5x2, 131.9, 136.3, 156.1, 169.4; MS (LCMS) m/z 291.4285 [M+H]’, 313.5347

[M+Na]".

Compound 9: White solid. mp 118-119 °C (lit”” mp 119-121 °C); Anal. Calcd for
C17H1sN>0s5: C, 68.44; H, 6.08; N, 9.39. Found: C, 68.6; H, 6.2; N, 9.3; IR Viax (Nujol)
3324, 1693, 1650 cm™'; 'TH NMR (CDCls, 200 MHz) 6 3.89 (d, 2H, J = 5.8 Hz), 4.44 (d,
2H, J = 6 Hz), 5.08 (s, 2H), 5.53 (bs, 1H), 6.50 (bs, 1H), 7.20 -7.41 (m, 10H); °C NMR
(CDCl3, 50 MHz) 6 43.3, 44.4, 67.1, 127.5, 127.6x2, 128x2, 128.2, 128.5 x2, 128.6x2,

136, 137.7, 156.6, 169; MS (LCMS) m/z 299.3563 [M+H]", 321.3293 [M+Na]".

Compound 10: White solid, mp 107-108 °C; Anal. Calcd for C9HoN,O3: C, 70.35; H,
6.21; N, 8.64; Found: C, 70.4; H, 6.4; N, 8.6; IR vinax (Nujol) 3334, 1699, 1647 cm'l; 'H
NMR (CDCls, 200 MHz) ¢ 3.90 (d, 2H, J = 5.3 Hz), 4.04-4.2 (m, 2H), 5.13 (s, 2H), 5.51

(bs, 1H), 6.17 (dt, 1H, J = 15.7 & 6 Hz), 6.28 (bs, 1H), 6.52 (d, 1H, J= 16 Hz), 7.22 -7.40
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(m,10H); *C NMR (CDCls, 50 MHz)  41.5, 44.6, 67.3, 124.8, 126.4x2, 127.8, 128.1x2,
128.3, 128.55x2, 128.58x2, 132.5, 136, 136.3, 168.8; MS (LCMS) m/z 347.4477

[M+Na]".

Compound 11: White solid; Anal. Caled for C;sH23N304: C, 70.35; H, 6.21; N, 8.64;
Found: C, 70.4; H, 6.4; N, 8.6; IR v, (Nujol) 1699, 1667, 1651 cm”; '"H NMR (CDCl;,
500 MHz) ¢ 1.38 (s, 9H), 3.75(d, 2H,J =5 Hz),3.95(d,2H,J =5 Hz),4.40(d,J =5
Hz, 2H), 5.23 (bs, 1H), 6.83 (bs, 1H), 6.94 (bs, 1H), 7.24-7.30 (m, 5H); MS (LCMS) m/z
322.17[M+H]", 344.15 [M+Na]"; HRESIMS m/z 344.1586 [M+Na]" (C¢H»3N3;NaOy;

calcd. 344.1586).

Compound 12: White solid, mp 149-151 °C; IR vp, (Neat) 1650, 1697, 1705, 3351
(broad) cm™.'"H NMR (CDCl5+CD;0D, 400 MHz) & 0.71 (s, 3H), 0.97 (s, 3H), 1.02 (d,
3H, J = 6.0 Hz), 1.47 (s, 9H), 2.22 (m, 2H), 2.35 (m, 1H), 2.57 (m, 1H), 3.69 (bs, 2H),
3.83 (bs, 1H), 3.96 (bs, 1H), 4.05 (bs, 1H); >°C NMR (CDCl5+CD;0D, 100 MHz) & 12.9,
17.5, 23.4, 23.8, 25.0, 26.6, 28.2, 28.6x3, 29.1, 31.5, 31.8, 34.0, 34.8, 35.8, 36.1, 37.9,
40.2,42.3, 44.6, 46.3, 47.0, 47.5, 50.0, 68.6, 73.5, 80.6, 157.8, 170.8, 178.0; MS (LCMS)
m/z 587.4 [M+Na]', HRESIMS m/z 587.3701 [M+Na]™ (C;Hs;N,NaO7; calcd.

587.3672).

Compound 13: White solid, mp 115-116 °C; IR vyax (Neat) 3380 (broad), 1712, 1660,
1546 cm™; "H NMR (CDCls, 400 MHz) § 0.66 (s, 3H), 0.69 (s, 3H), 0.97, (s, 3H), 1.15
(d, 3H, J = 6 Hz), 1.46 (s, 9H), 3.81 (bs, 1H), 3.95 (bs, 1H), 4.11 (bs, 2H), 4.31 (bs, 1H),
4.60 (s, 2H), 5.70 (bs, 1H), 6.90 (bs, 1H), 7.32 (m, 5H); °C NMR (CDCls, 100.61 MHz)
§ 124, 14.9, 17.2,22.7, 23.2, 24.6, 25.8, 27.5, 28.3x3, 29.6, 30.7, 30.9, 31.0, 33.5, 34.2,

35.0, 35.3, 37.2, 39.3, 41.7, 45.5, 46.5, 46.9, 56.9, 60.4, 68.3, 71.8, 73.0, 75.1, 79.9,

173



Chapter 2, Section B

127.8x3, 128.4, 137.8, 155.8, 168.6, 178.3; MS (LCMS) m/z 699.4511 [M+H]", 721.4352

[M+Na]".
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Compound 3: 'H NMR, 200 MHz, CDCl;
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Compound 3: DEPT, 50.32 MHz, CDCl;
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Compound 5: 'HNMR, 300 MHz, CDCl;
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Compound 5: *C NMR, 75.51 MHz, CDCl;
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Compound 7: 'H NMR, 200 MHz, CDCl;
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Compound 7: °C NMR, 50.32 MHz, CDCl;
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Compound 8: °C NMR, 50.32 MHz, CDCl;
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Compound 9: 'H NMR, 200 MHz, CDCl;
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Compound 9: °C NMR, 50.32 MHz, CDCl;

o
3 N)J\/NHCbz
E H

N127.6

/12861

127.47

<) <) S
W, N} =
L L L L
.0',9———————
Py v~

SE et

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Compound 10: '"H NMR, 200 MHz, CDCl;

Chlorolform-d

—7.34

o ©
8 &
Iz
e
=z
I
Q
o
N

0.85

o
a1

0.80

o o
o
.2l

o o o 9o 9 © °o o 9o 9o o ©
N w w B R u v o o N
ol v o o o v o o o O o

iz
7.27
—5.13

o
i
a1

o
=
o

o
o
a

0.00;

o
=1

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 15 1.0 0.5

183




Chapter 2, Section B

Compound 10: °C NMR, 50.32 MHz, CDCl;
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'H NMR, 400 MHz, CDCl3+CD;0D

Compound 12
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BC NMR, 100.61 MHz, CDCl;

Compound 12
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BC NMR, 100.61 MHz, CDCl;

Compound 13

62'82—

Ch\oro‘form-d

¥8'L21
faa:14 ﬁp.

vl

0L

LL2e

e R L ——

1622

-3

LBFE:

—

ov'or—

92'89~

LV

€0°€L

60°G/-
—

=
68°6.—

0.20

BCNMR, 100.61 MHz, CDCl;

Compound 13

0g'82—

4245

8 L)~

ev'ezl

187



Chapter 2, Section B

2B.8. References

1. Scriven, E. F. V.; Turanbull, K. Chem. Rev. 1988, 88, 297.

2. Montalbetti, C. A. G. N.; Falque, V. Tetrahedron 2005, 61, 10827-10852.

3. QGarcia, J.; Urpf, F.; Vilarrasa, J. Tetrahedron Lett. 1984, 25, 4841-4844.

4. Bosch, L.; Urpi, F.; Vilarrasa, J. J. Chem. Soc., Chem. Commun. 1995, 91-92.

5. Maunier, V.; Boullanger, P.; Lafont, D. J. Carbohydr. Chem. 1997, 16, 231-235.

6. Boullanger, P.; Maunier, V.; Lafont, D. Carbohydr. Res. 2000, 324, 97-106.

7. Damkaci, F.; DeShong, P. J. Am. Chem. Soc. 2003, 125, 4408-44009.

8. Saxon, E.; Armstrong, J. I.; Bertozzi, C. R. Org. Lett. 2000, 2, 2141-2143.

9. Inazu, T.; Kobayashi, K. Synlett 1993, 869-870.

10. Mizuno, M.; Haneda, K.; Iguchi, R.; Muramoto, I.; Kawakami, T.; Aimoto, S.;
Yamamoto, K.; Inazu, T. J. Am. Chem. Soc. 1999, 121, 284-290.

11. Ghosh, S. K.; Verma, R.; Ghosh, U. ; Mamdapur, V. R. Bull. Chem. Soc. Jpn. 1996,
69, 1705-1711.

12. Wu, X.; Hu, L. J. Org. Chem. 2007, 72, 765-774 and the references cited therein.

13. Kolawski, R. V.; Shangguan, N.; Sauers, R. R.; Williams, L. J. J. Am. Chem. Soc.
20006, 128, 5695-5702.

14. Barlett, K. N.; Kolakowski, R. V.; Katukojvala, S.; Williams, L. J. Org. Lett. 2006, 8,
823-826.

15. Nilsson, B. L.; Kiessling, L. L.; Raines, R. T. Org. Lett. 2000, 2, 1939-1941.

16. Bavikar, S. N.; Salunke, D. B.; Hazra, B. G.; Pore, V. S.; Dodd, R. H.; Thierry, J.;
Shirazi, F.; Deshpande, M. V.; Srinath, K.; Chattopadhyay, S. Bioorg. Med. Chem.
Lett. 2008, 18, 5512-5517.

17. Saito, S.; Nakajima, M.; Inaba, M.; Moriwake, T. Tetrahedron Lett. 1989, 30, 837-

838.

188



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chapter 2, Section B

Reddy, P. G.; Pratap, T. V.; Kumar, G. D. K.; Mohanty, S. K.; Baskaran, S. Eur. J.
Org. Chem. 2002, 3740-3743.

Kotsuki, H.; Ohishi, T.; Araki, T. Tetrahedron Lett. 1997, 38, 2129-2132.
Chandrasekhar, S.; Chandraiah, L.; Reddy, C. R.; Reddy, M. V. Chem. Lett. 2000,
780-781.

Chandrasekhar, S.; Babu, B. N.; Reddy, C. R. Tetrahedron. Lett. 2003, 44, 2057-
2059.

Ph. D. Theisis submitted by Deepak B. Salunke to Univercity Pune, India in March
2008

Madhavaiah, C.; Parvez M.; Verma, S. Bioorg. Med. Chem. 2004, 12, 5973-5982.

Shi, F.; Waldo, J. P.; Chen, Y.; Larock, R. C. Org. Lett. 2008, 10, 2409-2412.

Luo, J.; Chen, Y.; Zhu, X. X. Synlett 2007, 14, 2201-2204.

Jeganathan, A.; Richardson, S. K.; Mani, R. S.; Haley, B. E.; Watt, D. S. J. Org.
Chem. 1986, 51, 5362.

(a) Lampariello, L.; Raffaella, L. Lett. In Org. Chem. 2005, 3, 265; (b) Muriel, G. J.

of Med. Chem. 1998, 41, 24.

189



Chapter 3

0

6\

CHAPTER - 3

Cu(I) Catalyzed Alkyne-Azide "Click" Cycloaddition:
Efficient Synthesis and Bioevalution of Bile Acid
Bistriazole in the Presence of Base

/
/
3 Cu(l) _Catalyz«_ed AIkyne-Az!de ‘fCIi_ck” Cycloaddition: Efficient Synthesis
and Bioevalution of Bile Acid Bistriazole in the Presence of Base
3.1 Abstract 191
3.2 Introduction 192
3.3.1 Literature Survey of Dimeric Steroidal Conjugates 192
3.3.2 Literature Survey of Chemotypes with Azole as Privileged Structure 199
3.4 Results and Discussion 202
3.4.1 Click Chemistry 202
3.4.2 Chemistry 206
3.5 Antimicrobial Activity 212
3.6 Conclusion 214
3.7 Experimental Section 214
3.8 Selected Spectra 224
3.9 References 234

190



Chapter 3

3.1. Abstract

Cu(I) Catalysed base assisted cycloaddition reaction of propargyl ester of deoxycholic
acid with benzyl azide and C-24 azide of deoxycholic acid leads to a formation of bile
acid bistriazole in good yield which is an ideal addition to the family of click reaction. All
the synthesized compounds were tested against a wide variety of microorganisms. These
novel molecules were evaluated in vitro for their antifungal and antibacterial activity.
Most of the compounds exhibited significant antifungal as well as antibacterial activity
against all the tested fungal and bacterial strains. (Gram-negative bacteria, Gram-positive

bacteria and fungi).
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3.2. Introduction

Bile acids are naturally occurring compounds in the steroids family, which are essential
for many physiological functions. Currently, bile acids, due to their inexpensive
availability, the rigid steroid frame works, unique facial amphiphilicity, and together with
viability of being chemically modified on C-3, C-7, C-12 and C-24 have attracted
considerable interest for diverse significant applications, involved in pharmacology,
asymmetric synthesis, molecular recognition and also polymeric materials.' Bile acids
have been considered very useful in the preparation of new pharmaceutical drugs because

@2 Bile acids and their

of their inherent chemical nature and biological properties.
derivatives are pharmacologically interesting as potential transporters of liver specific
drugs, absorption enhancers and cholesterol lowering agents.’ Furthermore, bile acids are
imperative building blocks for the synthesis of dimers, oligomers and colaphanes™ due to
their rigid framework with multiple chiral centers. The dimers, oligomers and colaphanes

were synthesised from bile acids have a wide range of potential applications exists in

pharmacology,”® membrane bilayer probes,’ and ion complexation.’

3.3.1 Literature Survey of Dimeric Steroidal Conjugates

Since the discovery of Japindine 1 (Figure 1), the first example of novel sulphur
containing dimeric alkaloid isolated from the root-bark of Chonemorpha macrophylla,®
several examples of bis(steroid) derivatives have appeared in the literature. These dimeric
and oligomeric steroids possess interesting micellar, detergent, and liquid crystal
properties and many of them led to enhance pharmacological activities.” Among these the
most pertinent with regard to their extraordinary biological activities are cephalostatins 2
and ritterazines 3.'° Cephalostatins are a group of complex steroidal pyrazine alkaloids

that were isolated from the marine worm Cephalodiscus gilchrist.'' They are powerful
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cytotoxins against the PS cell line (EDso 107-10” pg/mL) and therefore have potential

applications as antitumor agents.

Figure 1
Isolation of crellastatin A 4 (Figure 1)'* from Vanuatu marine sponge Crella sp is the first
example of a dimeric steroid connected through its side chains. Crellastatins exhibit in
vitro antitumor activity against human bronchopulmonary non-small-cell lung carcinoma
cell lines (NSCLC) with ICs values in the range of 2-10 ug/mL. Adopting the concept of
dimeric steroids from nature several groups have synthesized various dimers using bile
acids, as they are imperative building blocks for the synthesis of dimers, oligomers and
colaphanes due to their rigid framework with multiple chiral centers. Such molecules
show a wide range of potential applications in supramolecular as well as pharmacological

fields.®

Kobuke et al. have synthesized bile acid based transmembrane ion channels 5 and 6
(Figure 2) by linking two units of amphiphilic cholic acid methyl ethers by

biscarbamate.'’ Both the compounds 5 and 6 showed stable single ion channel currents,
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when incorporated into a planar bilayer membrane. They have synthesized voltage-
dependent artificial ion channels 7 and 8' using cholic acid derivatives, connected
through a m-xylylene dicarbamate unit at 3-hydroxyl groups. Asymmetries were
introduced by terminal hydrophilic groups, carboxylic acid and phosphoric acid for 7 and
hydroxyl and carboxylic acid for 8. They found that these head groups dissociate easily
under basic conditions. Compounds 7 and 8 are the first stable single ion channels having
a rectification property except peptidic channels. Recently Kobuke and co-workers also
synthesized bischolic acid derivatives 9 (Figure 2) linked by m-xylylene dicarbamate unit

at 3-3’-position and examined their single ion channel properties.'

X *, X
|
Meo MeO o OMe
L OMe
o

5 X =COyH
o 6, X = CH,OC(0O)CH,N*MesCIo
HO\'g

HO O % CO.H
[]
MeOo MeO o o OMe
J )l\o OMe

HO

]
MeO MeO

HO,C

HO HO

Figure 2

Bile acid based dimers and oligomers have potential applications in the area of drug
design and delivery. Janout and co-workers'® synthesized compound 10 (Figure 3). This
type of molecular umbrella can cover an attached agent and shield it from an
incompatible environment. Regen and co-workers synthesized'’ persulfated molecular

umbrellas 11 as anti-HIV and anti-HSV agents based on the facts that, (i) a di-walled
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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
spermidine based scaffolds bearing one, two and four persulfated cholic acid units. The
Conjugate 12 bearing two sterols showed 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.'®

OH HO
OH O’& N(CH3)2 OH
||

S 0S03

N Cl 0S0,
L 12
o
NH—" NN} ,
o H oy HO
N_NH,
HN i
NH 13 OH
Figure 3
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Burrows and Sauter reported synthesis and conformational studies of a new host system
14 (Figure 4) 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 or addition of methanol
leads to conformational isomerism due to insertion of methanol into the cavity. Later,
they reported an unusual example of binding of a carbohydrate derivative (amyl
glucoside) to a synthetic molecular receptor 15°° and DNA binding of steroidal tetramine
dimer 16.%' McKenna et al. synthesized head-to-head dimers 17 and 18 of cholic acid
with a linker at C-24. This type of dimers were found to solubilise perylene in aqueous

solution without micelle formation.??

14,R=H 15, R=Me

OSO OSO_3
3 4K+ OH 2Br -

18

Figure 4
Wess and co-workers synthesized various bile acid dimers and trimers such as 19 and 20
(Figure 5), as bile acid reabsorption inhibitors for potential use in hypercholesterolemia.*

The interaction of these compounds with the specific ileal bile acid transport system was

studied by inhibition of Na'-dependent taurocholate uptake into ileal brush border
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membrane vesicles. These compounds were further characterized pharmacologically by in

situ ileal perfusion experiments in rats.”

-

:OH “, o QH .,
N “ N ~, [o)
o L
Ph Q Q S | < 2 ;\ g OH
\<Ph H : H . L = Link
bH 19 ’/OH = LInkers

0

R~
we - R
7 R=
R ™~ H
N
20 \n/ o
(o]

Figure 5

Zhu and co-workers® have reported the synthesis of 3a-dimers 21, 22 (Figure 6) of
lithocholic acid and cholic acid by forming ester linkages between the C-3 hydroxyl

group of bile acids and dicarboxylic acids of different lengths.

Figure 6
They also synthesized the 3p3-dimer 23 of lithocholic acid by linking the C-3 positions of
two acid units with diethylene glycol by the formation of ether linkages. These dimers

have been used in the synthesis of new biodegradable polymers. Later on the synthesis of
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a sodium cholate dimer 24 by linking two cholic acid molecules via a spacer has been
reported by the same group. The synthesized sodium cholate dimer 24 can facilitate the
micellization of bile salts.”> More recently, Yang Li et al. have synthesized dimeric bile
acid-amino acid conjugates 25-28 (Figure 7) as the mimic of cyclic peptide. These

compound shows antitumor activity against human breast cancer cell MCF-7.%

Taking advantage of the amphiphilic topology of bile acids, our group has reported the
synthesis of various cholic acids, deoxycholic acid dimers e.g. 29 and 32 using a varity

linkers (Figure 8).*

COOR

OH
OH HN

25 R=Me 27, R=Me
26, R=0H 28 R=0H

Figure 7

Dimers 29 and 30 were found to posses antifungal and antiproliferative activity. Synthesis
of novel bile acid dimers 31, 32 containing 1,2,3-triazole as a linker using click chemistry
have been very recently reported form our laboratory.”® Micellar properties of these
molecules were investigated through hydrophilic dye solubilisation studies in non polar
media.” Synthesis of bile acid dimer linked through 1,2,3-triazole and bis-B-lactam 33 (a-
d) has been recently reported from our group®® which exhibited significant antifungal as

well as antibacterial activity (Figure 9).
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|
OH
R
OH
OH
R
OH
29,R=0H
30,R=H

Figure 8

33b, X=0;
33c, X=NH; R=H
33d, X=NH; R =OH

OH

Figure 9
It can be seen from the above discussion that triazole ring moieties are attractive
connecting units, since they are stable to metabolic degradation and capable of hydrogen

bonding, which can be favourable in binding of biomolecular targets.

3.3.2. Literature Survey of Chemotypes with Azole as Privileged Structure

Azoles are the largest class of antifungal agents in clinical use.”' 1,2,3-Triazole moiety
does not occur in nature, although the synthetic molecules containing 1,2,3-triazole unit
shows diverse biological activities including antibacterial, herbicidal, fungicidal,
antiallergic, and anti-HIV.** Triazole nucleus has been incorporated into a wide variety of
therapeutically interesting drug candidate including H;/H, histamine receptor blockers,

cholinesterase active agents, CNS stimulants, antianxiety agents and sedative.” Triazole
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moieties are attractive connecting units, since they are stable to metabolic degradation and
capable of hydrogen bonding, which can be favourable in binding of biomolecular targets
and for solubility.34 The great interest in the synthesis of members of the 1,2,3-triazole

family has its roots in the interesting biological properties.

If two triazoles units are linked by covalent bond or by carbon atom, then they form bis-
triazole. Bistriazole based size-specific mRNA hairpin loop binding agents have been
developed to target mRNAs coding for proteins™ which could be a promising approach

in drug discovery (Figure 10).

HW’X:;XE%¥%_\ Fd?+HHM

N~R/N

Figure 10
There are several reports on the synthesis of bistriazole derivatives and studied their
antimicrobial activity. Recently there have been reports on synthesis of bitriazolyl
compounds 34a-j and 35a-j and their activity against tobacco mosaic virus was assessed
(Figure 11). Two of them compound 34e and 35d showed promising antiviral activity and
were more potent than the reference compounds. Moreover, these compounds are
predicted not to be carcinogenic or mutagenic.® Therefore, the bistriazolyl compounds
may provide interesting new leads or scaffolds for use in further attempts to screen novel

antimicrobial as well as antiviral candidates.

Being inspired by the wide range of pharmacological activities and applications, as well
as continuous research work on the bile acid dimers and conjugates in our laboratery,”’ "

we report herein the synthesis of novel bile acid bistrazole 40 and 47. These compounds

have been synthesised using Cu(I) catalysed base assisted cycloaddition reaction of
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propargyl ester of deoxycholic acid 37 with benzyl azide 38 and C-24 azide of
deoxycholic acid 45 with propargyl ester 37 (Click Chemistry) and studied their
antimicrobial activity. The syntheses of these novel deoxycholic acid dimers 40 and
tetramer 4t linked with unique pharmacophore units such as bistriazole and the bioactivity

data are reported herein for the first time (Scheme 1-5).
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3.4. Results and Discussion
3.4.1. Click Chemistry

The 1,3-dipolar cycloaddition of azides to alkynes was first reported more than hundred
years ago’’ and investigated by Huisgen and co-workers in detail.*® The reaction of
terminal alkynes with organic azides leads under thermal conditions to a mixture of the
1,4- and 1,5-disubstituted 1H-1,2,3-triazoles.”” This 1,3-dipolar cycloaddition reaction of
organic azides and alkynes has gained considerable attention in recent years due to the
introduction of Cu(I) catalysis by Tornge and Meldal®® and by Sharpless ez al*' leading to
a major improvement in both rate and regioselectivity of the reaction (Figure 10).*> The
Cu(I) catalysed variant of the Huisgen 1,3-dipolar cycloaddition of azide and alkynes
affords regioselectively 1,4-disubstituted 1,2,3-triazoles with such efficiency and scope
that the transformation has been described as “click” chemistry. The Cu(I)-catalyzed 1,3-
dipolar cycloaddition reaction has successfully fulfilled the requirement of “click
chemistry” as prescribed by Sharpless and during the past few years and at present one of

the most useful and premier component of synthetic organic chemistry.*'

s N

R
5 4
Cu(l) — *)
N /N3
R71°N
R1_N3 + :—R2
R,
4
>~ 2 N3 st 2
/ /
A N—N * N-N  ®
Ry 1 R1/1

Figure 10
The great success of the Cu(I) catalyzed 1,3-dipolar cycloaddition reaction is rooted in the
fact that it is a virtually quantitative, very robust, insensitive, general, and orthogonal

. . . . . . .44 . . . 4546
ligation reaction, suitable for even biomolecular ligation™ and in vivo tagging™" or as a
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polymerization reaction for synthesis of long linear polymers.*” The triazole formed is
essentially chemically inert to reactive conditions, e.g. oxidation, reduction, and

hydrolysis, and has an intermediate polarity with dipolar moment of ~5 D.**

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
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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.*’ Substantial rate increase

of the Cu(I)-catalysed process in the aqueous solvents is rationalized in terms of stepwise
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process which lowers the activation barrier relative to that of the non-catalysed process by
as much as 11.8 kcal/mol.”® 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 n—complex (A) (Figure 11).”!

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™) relative to water (exothermic by 11.8 kcal mol™).”' 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. 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 towards 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 n* 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.”
Azides and acetylenes are by definition kinetically stable entities possessing high built-in
energy and are tolerant to a wide range of synthetic conditions.*” 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
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functionalized biological milieus has allowed click chemistry to become a viable
bioconjugation strategy for labeling biomolecules and for in sifu lead discovery
applications.” 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

54
structural space.

Sharpless and Co-workers perceive minor amounts of undesired by-product bis-triazols
by oxidative coupling during development of the aqueous CuSOs/Ascorbate Huisgen
cycloaddition.*' Without reporting their characterization, they attributed these by products
to the direct use of Cu(I) species.”” Various methods have been developed for synthesis of
bistriazole derivative. Amanov et al obtained bistriazole derivatives by reaction of
diacetylenic diesters of benzoic acid derivatives with phenyl azide in a toluene.”® Holla et
al achieved synthesis of bis triazole derivatives from diacid.’’ Kumar et al synthesised
sugar based unsymmetrical bisl,2,3-tiazole via Domini click approach. Addition of
resonance-stabilized allenylmagnesium bromide to sugar azides, which resulted in the
formation of novel 5-butynylated triazoles in good yields. These molecules, upon Cu(I)
catalyzed 1,3-dipolar cycloaddition with sugar azides, generated novel unsymmetrical
bis1,2,3-triazoles.”® Benoist et al synthesised polydentat bi-functional chelating agent by
using, bistriazole based polyamino carboxylic acid. This 1,4-disubstituted bistriazole
scaffold was achieved from bis azide and corresponding propargyl compound using
classical click reaction.”® Monkowius et al achived synthesis of 1,4-disubstuted
bistriazoles(R-bta, R = organic group) by a Cu(I) catalysed cycloaddition between 1,3-
butadiyne and the organic azide.® Peng et al discovered novel bittriazolyl compound as

novel antiviral candidates. Under mild conditions, azido-triazols readily engaged in a
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Cu(I) catalysed Huisgen reaction with variety of terminal acetylenes giving
regiosalevtively 1,4-disubstuted 1,2,3-triazoles products.’® Recently very elegantly Angell
and Burgess®' reported oxidative coupling product, bistriazole which is the major product

in the presence of Cu/CuSO4and carbonate base which is key variable.

3.4.2. Chemistry

In continuation of our work on bile acid dimers, propargyl ester of deoxycholic acid 37
and benzyl azide 38 was chosen as a model alkyne and azide components. Propargyl ester
of deoxycholic acid 37 was prepared by esterification of deoxycholic acid 36 using an
excess of propargyl alcohol and catalytic amount of para-toluene sulfonic acid (p-TSA) to

get compounds 37 (96%) according to earlier report (Scheme 1).%

OH 36

Scheme 1: Reagent and condition (a) p-TSA (10 mol%), propargyl alcohol, 55-60 °C, 7
h, 96%

Reaction of propargyl ester of deoxycholic acid 37 and benzyl azide 38 in the presence of
copper sulphate and sodium ascorbate in DMF (usual click condition) gave expected

1,2,3-triazole compound 39 exclusively in excellent yield (Scheme 2).

Scheme 2: Reagent and condition (a) CuSO4.5H,0 (0.05 eq), sodium ascorbate (0.5 eq),
DMF/H;0, 14 h, 95%.

The first successful result for the bistriazole of propargyl ester of deoxycholic acid 37

with benzyl azide 38 was obtained using Cu/CuSQO,4 in THF in the presence of inorganic
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base NayCOs; (1.5M) to furnish 1,4-substituted triazole compound 39 and 1,4-

disubstituted bistriazole 40 in 29 and 63% yield, respectively (Scheme 3).

OH ‘N

2 Q HO,
N ‘%
o as
N N
\ o —
38 OH — o HO
Ns _N
N l (e} 4

OH i
40

Scheme 3: Reagent and condition (a) CuSO4.5H,O (0.1 eq), Cu (powder) (1.0 eq.),
NayCOs (1.5 eq), THF, 31 h, 39 (29%) and 40 (63%) (Entry 1, Table 1).

Continuous 31 h of stirring was required for the complete consumption of the starting
materials at 25 °C (Entry 1, Table 1). We have noticed that in the absence of carbonate
base the reaction was not completed and no formation of bistriazole 40 even stirring the

mixture for 48 h of stirring.

Attempts were made to increase the amount of bistriazole by increasing concentration of
base. Optimal base concentrations were found to be 1.5 to 3 M. This result encouraged us
to explore other carbonate bases. We varied the reaction conditions in attempts to
optimize the yield of bistriazole 40. Oxidative dimerisation product, bistriazole 40 was a
major product when K,COj; base and optimal base concentration was found to be 1.5 M
(Entry 4, Table 1). Whereas, in presence of nitrogenous organic bases we have noticed
formation of triazole 39 took place and no formation of oxidative dimerisation product for

48 hours stirring (Entry 12-14, Table 1). Given that in presence of Cul “click” reactions
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generally proceed in high yield,”> we felt that by using Cul in combination with various

organic as well as inorganic bases it might be possible to improve bistriazole 40, but most

of the attempts were not encouraging (Entry 15-24). Also it was observed that, in the

presence of very strong base like KOH, NaOH hydrolysis of propargyl ester functionality

occurs. Our experiments with K,COs as base indicated that the oxidative dimerization

was more prevalent in THF than DMF as a solvent. The oxidative dimerisation

methodology was extrapolated to different bases (both organic and inorganic) having

variable concentrations for both copper catalyst (CuSO4/Cu and Cul) using THF or DMF

as solvent and yilds of 39 and 40 are depicted in Table 1.

Table 1
Entry Reagentused Solvent Base Conc. of Time  Product distribution
base [h] 39[%] 40 [%]
1 CuS0O4/Cu THF Na,COs 1.5M 31 29 63
2 CuSO4/Cu THF Na,COs3 2.0M 30 32 60
3 CuSO4/Cu THF Na,COs 3.0M 29 39 53
4 CuSO4/Cu THF K,COs 1.5M 28 29 68
5 CuS0O4/Cu THF K>CO;s 2.0M 28 30 66
6 CuSO4/Cu THF K,COs 3.0M 27 32 60
7 CuS0O4/Cu THF  NaHCO:s 1.5M 34 61 38
8 CuSO4/Cu THF  NaHCOs 2.0M 30 60 35
9 CuS0O4/Cu THF  NaHCOs 3.0M 36 69 22
10 CuSO4/Cu DMF Na,CO; 1.5M 26 48 43
11 CuSO4/Cu DMF K,COs 1.5SM 27 51 41
12 CuSO4/Cu THF DIPEA 2 eq. 29 83 -
13 CuSO4/Cu THF DBU 2 eq. 31 91 -
14 CuSO4/Cu THF TEA 2 eq. 26 90 -
15 Cul DMF DIPEA 2 eq. 13 67 19
16 Cul DMF DBU 2 eq. 14 69 21
17 Cul DMF TEA 2 eq. 12 68 24
18 Cul THF DIPEA 2 eq. 16 65 21
19 Cul THF DBU 2 eq. 16 69 18
20 Cul THF TEA 2 eq. 12 73 14
21 Cul THF Na,CO; 2 eq. 23 60 32
22 Cul DMF Na,CO; 2 eq. 23 63 35
23 Cul THF K,COs 2 eq. 22 45 52
24 Cul DMF K»>COs 2 eq. 21 56 39

DIPEA- N,N-Diisopropylethylamine; DBU- 1,8-Diazabicycloundec-7-ene; TEA-

triethylamine.
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Deoxycholic acid C-24 azide of 45 was synthesized according to earlier report” and
presented in Scheme 4. Accordingly, p-TSA catalyzed esterification of deoxycholic acid
36 was carried out with methanol to obtain methyl ester 41 in 95% yield. Subsequently,
reduction of ester moiety in 41 with LiAlH4 was carried out to provide trihydroxy
compound 42 in 93% yield. Primary hydroxyl functionality in triol 42 was mesylated
(EtsN, DCM) to give C-24 monomesylate 44 and C-3, C-24 dimesylate 43 with poor
regioselectivity. When reaction was carried out under high dilution and less reaction time,
expected regioisomer 44 was formed as major isomer along with 43 (regioselectivity 7:3).
These compounds were easily separated by flash column chromatography. Further,
monomesylates 44 was subjected to nucleophilic substitution of mesyl group with azide
anion (NaN3 in DMF) which gave the corresponding C-24 azides 45 (94%). Formation of
azides 45 was confirmed by IR spectroscopy which showed a characteristic absorption

band at 2100 cm™ due to azido functionality.

OH 44 OH

45

Scheme 4: Reagents and conditions (a) p-TSA/MeOH, 25 °C, 24 h, 95-96%; (b)
LAH/THEF, 25 °C, 2 h, 93%; (c) MsCl, Et;N, DCM, 0 °C, 10 min; (d) NaN3;, DMF, 60 °C,
3 h, 94%.
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Our next goal was to synthesise targeted deoxycholic acid 1,4-disubstituted bistriazole 47.
The similar strategy has been applied here for the synthesis of bistriazole having four bile
acids by using propargyl ester of deoxycholic acid 37 and C-24 azide of deoxycholic acid
45. The 1,4-substituted triazole compound 46 and 1,4-disubstituted bistriazole 47 was
obtained in 19 and 72% yield, respectively by using Cu/CuSO, in THF in the presence of
inorganic base K,CO; (2M) (Scheme 5) (Entry 5, Table 2). Also significant amount of

oxidative dimerisation product bistriazole 47 was obtained when we attempted coupling

reaction with CuSQ4/Cu, in the presence of 1.5 M Na,CO; (Entry 1, Table 2).

Scheme 5: Reagents and conditions (a) CuSO4.5H,0 (0.1 eq), Cu (powder) (1.0 eq.),
K,CO; (2 M), THF, 12 h, 46 (19% ) and 47 (72%) (Entry 5, Table 2).

Attempts were made to increase the amount of the bistriazole 47 by using Cul as Cu(I)
source with inorganic bases as well as organic bases (Entry 15-24, Table 2). Most of our
attempts to realize maximum yields of deoxycholic acid bistriazole 47 were unsuccessful.
Under this condition major product was compound 46 (usual “click” 1,4 disubstuted 1,2,3

triazole) and minor one was bistriazole 47. The oxidative dimerisation methodology was
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extrapolated to different bases having variable concentrations for both copper catalyst

(CuSO4/Cu and Cul) and solvents are depicted in Table 2.

Table 2
Entry  Reagent  Solvent Base  Conc.of Time Product distrubution
used base [h] 46 [%] 47 [%]
1 CuSO4/Cu  THF Na,COs 1.5M 16 20 72
2 CuSO4/Cu  THF Na,CO; 2.0M 16 21 71
3 CuSO4/Cu  THF Na,COs 3.0M 15 23 68
4 CuSO4/Cu  THF K,CO; 1.5M 13 23 71
5 CuSO4/Cu  THF K>COs 2.0M 12 19 72
6 CuSO4/Cu  THF K,CO; 3.0M 12 27 63
7 CuSO4/Cu  THF  NaHCO; 1.5M 21 34 60
8 CuSO4/Cu  THF  NaHCOs; 2.0M 19 38 53
9 CuSO4/Cu  THF  NaHCO; 3.0M 18 37 55
10 CuSO4/Cu DMF  NayCOs 1.5M 16 41 53
11 CuSO4/Cu  DMF K>COs 1.5M 17 28 64
12 CuS0O4/Cu THF DIPEA 2 eq. 20 78 14
13 CuSO4/Cu  THF DBU 2 eq. 21 83 7
14  CuSO4/Cu  THF TEA 2 eq. 19 80 9
15 Cul DMF DIPEA 2 eq. 13 54 37
16 Cul DMF DBU 2 eq. 14 60 30
17 Cul DMF TEA 2 eq. 13 54 32
18 Cul THF DIPEA 2 eq. 17 79 12
19 Cul THF DBU 2 eq. 15 68 23
20 Cul THF TEA 2 eq. 14 72 17
21 Cul THF Na,COs 2 eq. 20 61 28
22 Cul DMF  Na,CO; 2 eq. 20 57 40
23 Cul THF K>COs 2 eq. 20 41 52
24 Cul DMF K»,COs 2 eq. 19 60 38

DIPEA- N,N-Diisopropylethylamine; DBU- 1,8-Diazabicycloundec-7-ene; TEA-
triethylamine.

We would like to have single crystal for X-ray analysis of our compound, deoxycholic
acid bistriazole 47. Compound 47 is an amorphous solid and we could not get a suitable
single crystal for X-ray analysis. For this we acetylated compound 47 with excess of
acetic anhydride and catalytic amount of N,N-dimethylaminopyridine (DMAP) in
pyridine to get octacetyl bistriazole 48 in 62% yield. We had also oxidized compound 47
with IBX in DMSO to obtained C-3 and C-12 octaoxo derivative 49 in 73% yield

(Scheme 6). Compound 48 and 49 are also amorphous solids. We have fully characterized

211



Chapter 3

these two compounds 48 and 49 by IR, 'HNMR, "CNMR, and mass spectrometry. All
our efforts to get single crystal for both these derivatives (48 and 49) did not materialise.
It is worth mentioning here that all the compounds are new and characterized fully by IR,

'H NMR and ">C NMR spectroscopy.

47 —

48, R= OAc
R 49, R=0=

Scheme 6: Reagents and condition (a) Ac,O, DMAP, Pyridine, Reflux, 18 h, 62%; (b) IBX,
DMSO, 26 °C, 16 h, 73%.

3.5. Antimicrobial Activity

The entire newly synthesised compound and deoxycholic acid were examined in vitro for
antifungal as well as antibacterial activity. The antifungal activity was tested using NCL
isolate fungal strains Candida albicans, Cryptococcus neoformans (human pathogen),
Benjaminiella poitrasii, Yarrowia lipolytica (saprophytes) and Fusarium oxysporum
(plant pathogen). The antibacterial activity was evaluated against Escheirchia coli and
Staphylococcus aureus. The MIC values were determined using standard broth
microdilution technique described by NCCLS.* (Table 3). In comparison with the
antimicrobial activity, amphotericin B and fluconazole were used as the reference
antifungal agents, while tetracycline and ampicillin were used as the reference
antibacterial agents. All the biological data of the tested compounds are depicted in Table

3 as MIC values
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Table 3: Minimum inhibitory concentration (MIC) of bileacid bistriazole conjugates.

Antimicrobial Activity MIC (xg/mL)

Entry CﬁT&%ﬂ?d Fungal Strains Bacterial Strains
A B C D E F G
1 36 >128 >128 128 >128 >128 | >128 >128
2 39 16 8 8 4 4 8 28
3 40 24 16 4 64 16 8 26
4 46 8 16 32 32 16 8 12
5 47 16 8 4 16 32 8 24
6 48 32 8 8 32 8 16 16
7 49 8 12 16 8 2 4 14
8 AmpB 2 16 16 8 16 NT NT
9 Fluconazole 32 32 32 64 8 NT NT
10 Tetracycline NT NT NT NT NT 8 16
11 Erythromycin NT NT NT NT NT 64 32

A, Candida albicans; B, Cryptococcus neoformans; C, Benjaminiella poitrasii; D,
Yarrowia lipolytica; E, Fusarium oxysporum; F, Escherichia coli; G, Staphylococcus
aureus.

‘MIC (Minimum inhibitory concentration) was determined as 90% inhibition of growth
with respect to the growth control.

Negative control, DMSO (2.5% v/v), No inhibition.

“NT” Not tested

As seen in Table 3 most of the synthesised dimers and tetramers showed temperate to
superior antifungal and antibacterial activity against all the tested fungal and bacterial
strains in comparison with standard drugs. From the biological data it was observed that
deoxycholic acid 36 did not show any antifungal or antibacterial effect. The MIC value
for all these compounds was >128 pg/mL. Compound 49 (3,12 oxo deoxycholic acid
bistriazole conjugate) showed potent antifungal and antibacterial activity against all the
tested fungal and bacterial strains. The activity of compounds 39, 40 and 46-48 was
higher or comparable to that of fluconazole against C. albicans with MIC value of 8§-32
pg/mL. The compounds 39, 47 and 48 showed significant antifungal activitiy against C.
neoformans having MIC value of 8 ng/mL higher that of amphotericin B and fluconazole.
However, all the compounds except 46 showed significant growth inhibitory activity

against B. poitrasii, where as only compounds 40 and 49 showed promising activity
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against Y. lipolytica and other compound shows moderate activity. Surprisingly F.
oxysporum was adversely affected particularly by 39 and 49 was the most potent with a
low MIC value of 4 pg/mL and 2pg/mL comparable to amphotericin B and fluconazole.
Also surprisingly distinct antifungal activity (4-8 pg/mL) for all compounds except
compound 48 against bacterial strain E. coli comparable to reference drug (tetracycline
and erythromycin) shows strong antibacterial properties. From the overall activity results,
it was observed that the activity shown by our novel compounds is due to their inherent

amphiphilicity.

3.6. Conclusion

A series of novel bile acid bistriazole dimers and tetramers have been synthesized using
base assisted Cu(I) catalysed cycloaddition reaction (click chemistry) of propargylester of
deoxycholic acid with benzyl azide or C-24 azide of deoxycholic acid in moderate to
good yields. These novel dimers and tetramers were evaluated for antifungal as well as
antibacterial activities. Most of the compounds demonstrated potent antimicrobial activity
against all the strains tested. Among them, compound 39, 47, 48 and 49 are most potent
antimicrobials. The synthesis of bile acid dimers linked with pharmacophores, bistriazole

can open as new horizon for the control of human and plant pathogens.

3.7. Experimental Section

Compound 37: (Propargyl 3a,12a-dihydroxy-54-cholan-24-oate) To a solution of
Deoxycholic acid 36 (1.960g, 5 mmol) in propargyl alcohol (10 mL), a catalytic amount
(82 g, 10 mol %) of para-toluene sulfonic acid (p-TSA) was added. The reaction mixture
was then heated at 50- 60 °C for 7 h. It was then poured on crushed ice and extracted with

EtOAc (3x25 mL). The extract was washed with water (3x25 mL), brine (25 mL), and
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dried over Na,SO4. Solvent was evaporated under reduced pressure to afford crude
product. Purification of the crude product by column chromatography on silica gel (2%
MeOH/DCM) produced Propargyl 3a,12a-dihydroxy-5p-cholan-24-oate 37 as white
solid, yield: 96%; mp 160-162 °C (1it.’ 160-161 °C); [o]p’’ +43.5 (¢ 1.5, CHCls); Anal.
Calcd for Cy7H4,04: C, 75.31; H, 9.83; Found: C, 74.97; H, 9.62; IR (CHCls;, cm'l) 3382,
3307, 1737; "H NMR (200 MHz, CDCI3) § 0.67 (s, 3H, CH-18), 0.91 (s, 3H, CH3-19),
0.97 (d, 3H, J=5.9 Hz, CH3-21), 2.47 (t, 1H, J =2.2 Hz), 3.60 (m, 1H, CH-3), 3.98 (br s,
1H, CH- 12), 4.68 (d, J =2.20 Hz, 2H); *C NMR (CDCls, 50.32 MHz) & 173.2, 77.7,
74.6,72.9,71.5,51.6, 48.1, 47.1, 46.4, 42.0, 36.3, 35.9, 35.2, 35.1, 34.0, 33.5, 30.9, 30.7,

30.2, 28.5,27.4, 27.1, 26.06, 23.6, 22.9, 17.1, 12.6; MS (LCMS) m/z: 453.14 (M + Na)".

Experimental Procedure for the preparation of 1,2,3-triazole using Sodium
ascorbate and CuSO, (Scheme 2).

Compound 39: A solution of benzyl azide 38 (26 uL, 0.23 mmol) and propargyl ester of
deoxycholic acid 37 (100 mg, 0.23 mmol) in DMF/H,O (10:1) (5 mL) was stirred at 27
°C for 15 min. Then, CuSO4-5H,0 (3 mg, 0.011 mmol, 5 mol% in 0.5 mL of H,O) and
sodium ascorbate (9 mg, 0.046 mmol, 20 mol% in 0.5 mL of H,O) were added to the
reaction mixture and it was stirred at 27 °C for 14 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 95% yield, mp 171-173 °C; [a]p*® + 33.78 (¢ 1.48, CHCls); Anal. Calcd for
Cs4H49N304: C, 72.43; H, 8.76; N, 7.45; Found: C, 72.55; H, 891; N, 7.22; IR vpax
(Nujol)/(cm™) 1305, 1377, 1496, 1511, 1728, 3350; '"H NMR (CDCl;, 400 MHz) § 0.63
(s, 3H), 0.89 (s, 3H), 0.91 (bs, 3H), 3.60 (m, 1H), 3.95 (bs, 1H), 5.17 (s, 2H), 5.51 (s, 2H),

7.36 (bs, SH), 7.52 (s, 1H); >C NMR (CDCls, 100.61 MHz) 6 12.6, 17.2, 23.1, 23.6, 26.0,
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27.0, 27.4, 28.5, 30.3, 30.6, 30.9, 36.3, 42.0, 46.4, 46.5, 48.1, 54.2, 57.3, 71.7, 73.1,
116.3, 123.6, 128.1 X 2, 128.8, 129.1 X 2, 143.2, 149.7, 174.1; MS (LCMS) m/z 564.71

[M+H]", 586.77 [M+Na]".

Experimental Procedure for the preparation of bistriazole using CuSO,/Cu and 1.5
M K,CO3 (Scheme 3) (Entry 4, Table 1).

The propargyl ester of deoxycholic acid 37 (430 mg, 1.0 mmol) was added to a mixture of
benzyl azide 38 (123 pL, 1.2 mmol) in THF 1.5 mL and aqueous K,COs solution (1.5 M,
1.5 mL). Copper sulphate (1.0 M, 0.1 mL) was added to the above suspension fallowed
by copper powder (64.0 mg, 1.0 equiv) and the resulting suspension was stirred at 27 °C
for 28h. After completion of reaction the reaction mixture was filtered through celite pad.
The solution was concentrated and the residue was extracted with DCM using the
standard work up procedure. The crude product was purified by flash chromatography on
silica gel (DCM/MeOH, 98:2) to furnish compound 39 and 40 in 29 and 68% yield,

respectively as a white solid.

Compound 40: Mp 177-180 °C; [o]p"® + 32 (¢ 1.5, CHCls); Anal. Calcd for CggHogNgOs:
C, 72.56; H, 8.60; N, 7.47, Found: C, 72.52; H, 8.57; N, 7.51; IR Vi (Nujol)/(cm’
1731, 1738, 3370 'H NMR (CDCls, 400 MHz) 6 0.65 (s, 6H), 0.90 (bs, 12H), 3.60 (m,
2H), 3.96 (s, 2H), 4.48 (d, 2H, J= 14.7 Hz), 5.02 (d, 2H, J= 14.7 Hz), 6.90 (m, 2H), 7.29
(s, 5H), 7.32 (s, 5H); *C NMR (CDCls, 100.61 MHz) d 12.6, 17.2, 22.6, 23.1, 23.7, 26.1,
27.2,27.5,27.6,28.4,29.1,29.3,29.6, 30.5, 34.1, 35.1, 35.3, 36.0, 36.3, 36.4, 42.1, 46.5,
46.8, 48.0, 52.7, 56.4, 56.6, 71.7, 73.0, 121.5, 121.6, 128.01, 129.2, 133.5, 145.2, 173.3,

173.33; MS (LCMS) m/z 1148 [M+Na]".

Compound 41: (Methyl 3a,12a-dihydroxy-54-cholane-24-oate) To a solution of

deoxycholic acid 36 (0.3 g, 0.74 mmol) in dry methanol (10 mL) was added p-TSA (0.03
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g, 0.17 mmol). The mixture was stirred at 28 °C for 24 hrs. Methanol was evaporated and
the residue was extracted with DCM (3x50 mL). The organic extract was washed with
cold H,O (2x10 mL), 10 % NaHCOs (2x10 mL), brine (2x10 mL) and dried over Na,SOs,.
Solvent was evaporated under reduced pressure to afford crude product. Purification by
column chromatography on silica gel (5 %, MeOH/CHCIs) afforded compound 36 (0.3 g,
98 %) as a white solid; mp 82-105 °C (lit.*** mp 70-108 °C); IR (cm™): 3385, 1728; 'H
NMR (CDCls, 500 MHz): 6 0.68 (s, 3H, CH3-18), 0.91 (s, 3H, CH3-19), 0.98 (d,J = 6.4
Hz, 3H, CH;-21), 3.62 (m, 1H, CH-3), 3.67 (s, 3H) 3.98 (bs, 1H, CH-12); °C NMR
(CDClLs, 125 MHz): 6 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.

Compound 42: (3a,12a,24-Trihydroxy-54-cholane) Compounds 42 was synthesized in
overall good yield starting from methyl esters 41 of deoxycholic acid using the literature
procedure.64b To a stirred suspention of LiAlH4 (0.076g, 2mmol) in dry THF (10 mL),
compound 42 (0.406 g, 1 mmol) in dry THF (20 mL) was added dropwise at 25 °C. After
2 h 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 Na,SO4. Solvent was evaporated
under reduced pressure to afford crude product which was purified by column
chromatography on silica gel (5% MeOH/DCM) to produce compound 42 as white solid
(0.363g, 96%); mp 123-124 °C (1it.** mp 107-114 °C, 1it.*** mp 123 °C); IR (cm™") 3257; -
'H NMR (CDCls, 200 MHz): & 0.69 (s, 3H), 0.91 (s, 3H), 0.99 (d, J = 6.9 Hz, 3H), 3.61
(m, 3H), 4.00 (bs, 1H), °C NMR (CDCls;, 50 MHz): & 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,
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71.8, 73.3. Anal. Calcd for C,4H4,O35: C, 76.14; H, 11.18; Found: C, 75.85 H, 10.87; MS

(LCMS) m/z: 379.61 (M + 1).

Compound 43 and 44: To a solution of 42 (2.0 g 5.28 mmol) in dry DCM (20 mL), was
added triethylamine (1.5 mL, 0.56 mmol) at 0 °C. Methane sulfonyl chloride (0.53 mL,
6.86 mmol in 10 mL DCM) was added dropwise in 10 min at 0 °C, ice was added to the
reaction mixture immediately after addition was complete. The reaction mixture was
extracted with DCM. 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/DCM) to obtain pure products 43 (0.615 g) and 44 (1.805

)

Compound 43: (3a,24-dimesyloxy-12 a-hydroxy-54-cholane) White solid; mp 67-68 °C;
[a]p®’ (CHCLs, ¢ 2.7) = + 43.25; IR (cm™): 3566; 'H NMR (CDCls, 300 MHz): & 0.68 (s,
3H, CH3-18), 0.92 (s, 3H, CH3-19), 1.00 (d, J = 6.3 Hz, 3H, CH;-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); °C NMR
(CDCls, 75 MHz): § 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 CysHs07S,: 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 + Na)".

Compound 44: (3a,12a-Dihydroxy 24-mesyloxy-54-cholane) White solid; mp 78 °C;
[a]p?® (CHCls, ¢ 0.2) =+ 93.04; IR (cm™): 3419, 1416, 1448 cm™; "H NMR (CDCl;, 300
MHz): & 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); °*C NMR

(CDCl3, 75 MHz): 6 12.6, 17.4, 23.0, 23.6, 25.9, 26.0, 27.0, 27.5, 28.6, 30.3, 31.4, 33.5,
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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
CysH4405S: 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 + Na)".

Compound 45: (3a,12a-dihydroxy 24-azido-54-cholane) To a solution of 44 (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 °C 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 which was purified by column
chromatography on silica gel (10% EtOAc/hexane) to give pure compound 45 as white
solid (0.247 g, yield 94%); mp 126 °C; [a]p™ (CHCl3, ¢ 1.4) = + 40.57; IR (cm™): 2090,
3409; "H NMR (CDCls, 200 MHz): § 0.69 (s, 3H, CH3-18), 0.91 (s, 3H, CH3-19), 0.99 (d,
J=6.7 Hz, 3H, CH;-21), 3.24 (t, /= 7.1 Hz, 2H), 3.62 (m, 1H, CH-3), 4.00 (bs, 1H, CH-
12); *C NMR (CDCl3, 50 MHz): & 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 Co4sH41N3O,: 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)".

Experimental procedure for the preparation bistriazole using CuSO,/Cu and 1.5 M
K,CO3 (Scheme 5) (Entry 5, Table 2).

Compound 46 and 47: The propargyl ester of deoxycholic acid 37 (430 mg, 1.0 mmol)
was added to a mixture of C-24 azide of deoxycholic acid 45 (403 mg, 1.0 mmol) in THF
1.5 mL and aqueous K,COj; solution (1.5 M, 1.5 mL). Copper sulphate (1.0 M, 0.1 mL)

was added to the above suspension fallowed by copper powder (64.0 mg, 1.0 equiv) and
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the resulting suspension was stirred at 27 °C for 12h. After completion of reaction the
reaction mixture was filtered through Celite pad. The solution was concentrated and the
residue was extracted with CHCI; using the standard work up procedure. The crude
product was purified by flash chromatography on silica gel (DCM/MeOH, 95:5) to

furnish compound 46 and 47 in 19 and 72% yield, respectively as a white solid.

Compound 46: Mp 135-138 °C (lit.29 136-138 °C); '"H NMR (200 MHz, CDCl;) ¢ 0.65
(s, 3 H), 0.66 (s, 3 H), 0.90-0.98 (s, 12 H,), 3.59 (m, 2 H), 3.96 (br s, 2 H), 4.31 (t, J =
7.07 Hz, 2 H, OCH2), 5.21 (s, 2 H), 7.60 (s, 1 H, triazole H). The other spectroscopic data

was consistent with that reported in literature.*’

Compound 47: Mp 157-159 °C; [(X]D26 + 6.25 (¢ 1. 12, MeOH); Anal. Calcd for
Ci02H164NgO12: C, 73.52; H, 9.92; N, 5.04; Found: C, 73.32; H, 10.01; N, 5.02; IR Viax
(Nujol)/(cm™) 1306, 1377, 1463, 1634, 1737, 3369; '"H NMR (CDCl;, 400 MHz) ¢ 0.65
(s, 12H), 0.90 (s, 12H), 0.94 (bs, 12H), 2.19 (m, 4H), 3.55 (bs, 4H), 3.94(d, 4H, J = 9.37
Hz), 4.02 (m, 4H), 5.04-5.13 (m, 4H); °C NMR (CDCl;, 100.61 MHz) 6 12.5, 16.9, 17.2,
22.9, 23.6, 26.1, 26.3, 27.0, 27.02, 27.4, 27.45, 27.5, 28.2, 28.3, 28.33, 29.8, 29.9, 30.4,
30.5, 32.5, 33.3, 34.0, 35.0, 35.1, 35.2, 35.21, 35.8, 35.9, 41.9, 46.2, 46.3, 46.5, 46.6,
46.64, 46.7, 47.7, 47.8, 49.5, 49.6, 49.7, 49.8, 53.3, 56.5, 56.7, 71.3, 72.7, 72.7, 72.8,

121.9, 122.0, 143.6, 143.7 173.46, 173.49; MS (LCMS) 'm/z 1690.09 [M+Na]".

Compound 48: A mixture of compound 47 (0.167 g, 0.1 mmol), Ac,O (0.19 ml, 2
mmol), DMAP (20%) dry pyridine (10 mL) was refluxed for 18h. The solution was
concentrated and the residue was extracted with ethyl acetate using the standard work up
procedure. The crude product was purified by flash chromatography on silica gel
(DCM/MeOH, 99:1) to furnish compound 48 (0.124 g, 62%), as a white solid. mp 151-

153 °C; [a]p™® + 91 (¢ 2.2, CHCls); Anal. Calced. for Cy15H 50N¢Os0: C, 70.77; H, 9.06; N,
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4.20; Found: C, 70.87; H, 9.30; N, 4.31; IR Viax (Nujol)/(cm™) 1028, 1243, 1377, 1460,
1736; '"H NMR (CDCls, 400 MHz) § 0.69 (bs, 12H), 0.73-0.76 (m, 12H), 0.89 (s, 12H),
2.02 (s, 12H), 2.09 (d, 6H, J= 4.36 Hz), 2.18 (m, 2H), 3.89-4.02 (m, 4H), 4.68 (m, 4H),
5.02-5.05 (m, 8H); °C NMR (CDCls, 100.61 MHz) § 12.4, 17.4, 17.7, 21.4, 23.0, 23.4
25.6,25.8,26.5, 26.8, 27.3, 27.4, 30.5, 30.7, 32.2, 32.6, 33.9, 34.3, 34.6, 34.7, 35.6, 41.7,
44.9, 47.6, 47.7, 49.3, 49.4, 46.7, 74.1, 75.7, 75.8, 121.9, 143.8 170.3, 170.4, 170.5,

173.1; MS (MALDI-TOF) m/z 2024.98 [M+Na]", 2041 [M+K]".

Compound 49: Compopund 47 (0.167 g, 0.1 mmol) and 2-Iodoxybenzoic acid (IBX)
(0.57 g, 2 mmol) were dissolved in dry DMSO (2 mL) and the reaction mixture was
stirred at 27 °C for 6 h. The solvent was evaporated and the residue was dissolved in ethyl
acetate (200 mL). The organic phase was washed successively with H,O, and brine, dried
over anhydrous Na,SO4 and the solvent was evaporated to afford crude product. The
crude product was purified by flash chromatography on silica gel (DCM/MeOH, 99:1) to
furnish compound 49 (0.120 g, 73%), as a white solid. mp 154-157 °C; [a]p?® + 86.88 (c
1.22, CHCIs); Anal. Calcd. for CipoH14sNeO12: C, 74.23; H, 9.04; N, 5.09; Found: C,
74.66; H, 9.12; N, 4.91; IR vmax (Nujol)/(cm™) 1167, 1268, 1378, 1460, 1739, 1704; 'H
NMR (CDCl;, 400 MHz) ¢ 0.79-82 (m, 12H), 1.03 (d, 12H, J= 2.62 Hz), 1.10 (s, 12H),
2.59 (m, 8H), 4.02 (m, 4H), 5.01-5.11 (m, 4H); *C NMR (CDCls, 100.61 MHz) 6 11.6,
11.7,18.5, 18.8, 22.1, 24.3, 25.4, 26.1,26.7, 26.9, 27.4, 27.6, 27.63, 29.6, 29.6, 30.1, 30.9,
31.6,31.9,32.3,35.3, 35.4, 35.5, 35.6, 36.7, 36.7, 36.9, 38.2, 38.3, 42.1, 43.5, 43.6, 44.1,
46.2, 46.3, 46.4, 49.5, 53.4, 56.6, 56.7, 57.4, 57.5, 58.4, 122.0, 122.1, 143.78, 143.82,
173.16, 17317, 212.16, 212.22, 213.95, 214.08; MS (MALDI-TOF) m/z 1673 [M+Na]",

1689 [M+K]".
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Antimicrobial activity

Materials and Methods. Human pathogens C. albicans and C. neoformans; saprophytes
B. poitrasii and Y. lipolytica were maintained on YPG (yeast extract, 0.3%; peptone,
0.5%; and glucose, 1%) agar slants. F. oxysporum (plant pathogen) was maintained on
PDA (potato, 20%; dextrose, 2%) agar slants at 28 °C. E. coli (NCIM 2574) and S. aureus
(NCIM 2122) were maintained on NA (beef extract, 0.3%; peptone, 0.5%; sodium
chloride, 0.5%) slants. Strains of C. albicans, C. neoformans, Y. lipolytica and B. poitrasii
were inoculated in YPG broth. C. albicans, C. neoformans and Y. lipolytica were
incubated at 28 °C where as B. poitrasii was incubated at 37 °C for 24 h. F. oxysporum

was inoculated in potato dextrose and incubated at 28 °C for 48 h whereas bacterial
strains E. coli and S. aureus in NA broth for 24 h. Compounds 36, 39, 40, and 46-49 were
solubilised in DMSO, and stock solutions of 1.28 mg/mL were prepared. Amphotericin B,
Fluconazole, Tetracycline and Erythromycin were also dissolved in DMSO, and were

used as a positive control.

MIC and ICs, determination: In vitro antifungal and antibacterial activity of the newly
synthesized compounds were studied against the fungal strains viz., C. albicans, C.
neoformans, B. poitrasii, Y. lipolytica, F. oxysporum strains and bacterial strains E. coli
(NCIM 2574), and S. aureus (NCIM 2122), respectively to find out MIC (Minimum
Inhibitory Concentration) and 1Cso (50%, Inhibition of Growth) values. Experiments were
performed in triplicate under similar experimental conditions. MIC and ICsy of the
synthesized compounds were determined according to standard broth microdilution
technique as per NCCLS guidelines.* Testing was performed in U bottom 96 well tissue
culture plates in YPG, PD broth for fungal strains and Nutrient broth for bacterial strains.

The concentration range of tested compounds and standard was 0.25 to 128 pg/mL. The
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plates were incubated at 28 °C for all the microorganisms except for B. poitrasii (37 °C),
absorbance at 600 nm were recorded to assess the inhibition of cell growth after 24 h for
B. poitrasii and Y. lipolytica, 48 h for C. albicans and F. oxysporum, 72 h for C.
neoformans and 24 h for bacterial cultures. MIC was determined as 90% inhibition of
growth with respect to the growth control and ICsyp was the concentration at which 50%

growth inhibition was observed.
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Compound 37: '"H NMR, 200 MHz, CDCl;
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Compound 39: "H NMR, 200 MHz, CDCl;
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"H NMR, 200 MHz, CDCl;

Compound 40
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CDCl
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Compound 41: "H NMR, 500 MHz
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Compound 46: "H NMR, 200 MHz, CDCl;
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Compound 47: "H NMR, 200 MHz, CDCl,
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Compound 48: "H NMR, 400 MHz, CDCl,
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"H NMR, 400 MHz, CDCl,
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