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GENERAL REMARKS

'H NMR spectra were recorded on Bruker AC-200 MHz, Bruker AC-400 MHz and
DRX-500 MHz spectrometer using tetramethylsilane (TMS) as an internal standard.
Chemical shifts have been expressed in ppm units downfield from TMS.

BC NMR spectra were recorded on Bruker AC-200, Bruker AC-400 and DRX-500
instruments operating at 50 MHz, 100 MHz and 125 MHz respectively.

EI Mass spectra were recorded on Finngan MAT-1020 spectrometer at 70 eV using a
direct inlet system and API QSTAR Pulsar Mass Spectrometer (Electrospray
ionization, direct infusion method, solvents used were acetonitrile/methanol).

The X-Ray crystal data were collected on Bruker SMART APEX CCD diffractometer
using Mo K, radiation with fine focus tube with 50 kV and 30 mA.

Infrared spectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or 1310
spectrometers with sodium chloride optics and measured in cm .

Optical rotations were measured with a JASCO DIP 370 digital polarimeter.

All reactions were monitored by Thin Layer Chromatography (TLC) carried out on
0.25 mm E-Merck silica gel plates (60F-254) with UV light, I, or p-anisaldehyde in
ethanol as developing agents.

All dry reactions were carried out under nitrogen or argon atmosphere with dry,
freshly distilled solvents under anhydrous conditions unless otherwise specified.
Yields refer to chromatographically and spectroscopically homogeneous materials
unless otherwise stated.

All evaporations were carried out under reduced pressure on Buchi rotary evaporator
below 45 °C unless otherwise specified.

Silica gel (60-120, 100-200 or 230-400 mesh) was used for column chromatography.
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ABSTRACT

The thesis entitled “Synthetic Studies Towards Sulphur and Nitrogen Containing Novel
Antifungal Agents” consists of three chapters. The first chapter deals with the synthesis of
fluconazole analogues containing substituted 2-aminothiophenes and their bioevaluation.
The second chapter is divided into two sections wherein the first section describes the
synthesis of hybrid fluconazole analogues containing chalcone moieties and their
bioevaluation while the second section deals with hybrid fluconazole analogues containing
furanones as novel antifungal agents. The third chapter is divided into three sections wherein
the first section deals with a short synthesis of 3,6-disubstituted N-2- thienyl/aryl-indoles,
second section describes the multicomponent synthesis of 3,4-disubstituted-2,6
dicyanoanilines and a short synthesis of highly substituted and highly functionalized indoles
while third section deals with the facile synthesis of a-chlorostilbenes mediated by a

heterogeneous Si-Fe catalyst.

Chapter 1

Synthesis of fluconazole analogues containing substituted
2-aminothiophenes and their bioevaluation

Introduction

The frequency of life-threatening fungal infections has tremendously increased in
recent years due to greater use of immunosuppressive drugs, prolonged use of broad-
spectrum antibiotics, wide-spread use of indwelling catheters, and also in cancer and AIDS
patients. The presently marketed antifungal drugs are either highly toxic (amphotericin B) or
becoming ineffective due to appearance of drug resistant strains (flucytosine and azole
antifungals).! Azole antifungals are strong inhibitors of lanosterol 14a-demethylase which is
involved in the biosynthesis of ergosterol, a major component of fungal cell membrane® and
fluconazole (1) is one of the best drugs of this class. It is an orally effective, potent, and safe
triazole based antifungal drug, with favorable pharmacokinetic characteristics and low
toxicity”. Also, it has excellent oral bioavailability and half-life period of 30 hours so it is
used safely for treatment of systemic infections in cancer, leukemia, transplant and AIDS

patients.

v



1

Figure 1. Fluconazole

Although fluconazole shows a very significant efficacy against Candida albicans
and C. neoformans, it is not very effective against Aspergillus niger and Aspergillus
fumigatus. In addition, extensive use of fluconazole has increased the number of
fluconazole-resistant fungal strains. Therefore, due to toxicity concerns, limited spectrum,
and the emergence of fungi resistant to currently available antifungal drugs, worldwide
efforts to obtain analogues of fluconazole effective against resistant strains have resulted in

synthesis of many novel azole antifungals>®.

Present work
R3 Rl
OH
@ NH@\RZ
=N 4 Z=F.Br,Cl: Z =H,F, Cl:

R%= COOEt, CN;
R1=H, Alkyl, R?>= Alkyl;

£ 2 RY, R?= -(CHy)y-

Figure 2. General structure of compounds synthesized in present work

The structure-activity relationship study of fluconazole has revealed that the left half
portion of the molecule is essential for the high antifungal activity and a number of
analogues have been reported in literature, in an attempt to develop better antifungal agents
wherein one of the triazole rings of fluconazole is replaced by other groups. Substituted
aminothiophenes exhibit different biological activities like anticancer, herbicidal,
antibacterial and antifungal activity’. In order to synthesize new triazole antifungal agents,
we designed a series of novel compounds depicted by general formula 2 wherein efforts
were directed towards replacement of triazole moiety with variously substituted
aminothiophenes in order to make a number of compounds available for screening of

antifungal activity.



The various substituted aminothiophenes were prepared by the synthetic route shown

in Scheme 1.
OH o R R RS R
R1JVR2 i R1J\/RZ i M 2 i )OL M
. ] H,N™ °s” 'R H ” s~ R?
4 3

{ R3= COOEt, CN; R"= H, Alkyl, R?= Alkyl,
R', R?= -(CH,),- ]

Scheme 1. Reagents and conditions: i) DMSO, (COCl),, Et;N, DCM, -78 °C, 3-4 h, 82-90% ii) a) for
R*= COOEt: Ethyl cyanoacetate, sulphur, ethanol, morpholine, 80 °C, 10-15 h, 85-93% b) for R=
CN: Malononitrile, sulphur, DMF, Et;N, rt, 10-15 h, 40-75% iii) a) For R’= COOEt: HCOOH,
NH,OAc, 120-140 °C, 5-7 h, 71-83% b) For R*= CN: HCOOH, NH,OAc, rt, 2-4 h, 70-78%.

A substituted alcohol 6 was subjected for oxidation to get aldehyde/ketone 5 which
was subjected to Gewald synthesis® to afford 4- and/or 5-substituted 2-aminothiophene-3-
carboxylate/carbonitrile 4 which was then formylated to get the key intermediate, a
substituted N-formylated aminothiophene 3. Synthesis of the epoxide 10 was carried out by
known method’ as shown in Scheme 2. 1,3-Dihalobenzene was acylated with chloroacetyl
chloride in presence of aluminium chloride. The acylated product 8 thus obtained was
treated with 1H-1,2 4-triazole in presence of potassium carbonate to get ketone 9. These
triazole containing ketones 9 were converted into respective epoxides 10 by reaction with

trimethylsulphoxonium iodide and aq. potassium hydroxide.

o
z z =N z ‘=N z
i ii
©/ n
VA Z Z Z
8 9 10

7

(z=F.Br.Cl,Z=H,F,Cl
Scheme 2. Reagents and conditions: i) Chloroacetyl chloride, AICl;, DCM, 0 °C, 10-12 h, 80-90%
i1) K,CO;, 1H-1,2 4-triazole, EtOAc, 80 °C, 10 h, 69-76% iii) Trimethylsulphoxonium iodide, aq.
KOH, DCM, 12 h, 81-91%.

The N-formylated aminothiophenes 3 were then reacted with the epoxide 10 in
presence of potassium carbonate and TBAB (tetrabutylammonium bromide) in ethyl acetate

at refluxing temperature to afford the target molecules 2 as shown in Scheme 3.
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Z=F,Br, Cl; Z =H, F, Cl; R®= COOEt, CN;
R'=H, Alkyl, R?= Alkyl; R', R?=-(CH,),-

Scheme 3. Reagents and conditions: 1) K,CO3;, TBAB, EtOAc, 80 °C, 12 h, 70-85%.

Using above synthetic strategy, a library of compounds 2 was synthesized and
tested'™"" for antifungal activity against various fungi including Candida albicans ATCC
24433, Aspergillus niger ATCC 16404 and Fusarium proliferatum ATCC 10052. Known
antifungal agents, fluconazole and amphotericin B, were used as positive control. The
activity data indicated following points regarding the structure-activity relationship of the
compounds studied in the present section.

1. The compounds with 2-aminothiophene carbonitrile are more active than with 2-
aminothiophene carboxylate.

2. In case of the compounds with aliphatic side chain at R% activity is observed with
compounds having shorter side chains and reaches maximum for R* = (CH,);CHj after
which the activity decreases rapidly.

3. The compounds with substitutions at both R' and R? show less activity, when compared
with the compounds with no substituents at R'.

4. The compounds with R', R* forming a carbocyclic ring show very less activity when
compared with the compounds with R' = H, R? = alkyl chain and activity vanishes in larger
rings.

In continuation to the above work, we prepared the R and S enantiomers of
compound 2 to examine the influence of absolute configuration on antifungal activity. The
enantioselective preparation of this class of antifungal agents was achieved from chiral
epoxides (R)-10a and (S)-10a. These two chiral epoxides were synthesized by known
method .

The N-formylated aminothiophene carbonitriles 3 were then reacted with the chiral

epoxides (R)-10a and (S)-10a in presence of potassium carbonate and TBAB (tetrabutyl

Vil



ammonium bromide) in ethyl acetate at refluxing temperature to afford the target molecules

(S)-2 and (R)-2 as shown in Scheme 4.

NC
: o A
/\ 5 =~
NN NN N R
\=N F o N¢ K,CO, TBAB, N N
EtOAc, 80 °C N F
. )LN /\ !
I H S R 60-72%
(R)-10a 3 F(s)-2
o) NC

NC, K,CO,, TBAB,

Z
vy
Z~z
M

(@]
rS
@]
T
-t
P

N N S
A EtOAc, 80 °C N H
H N —_—
H s R 60-70%
F
(S)-10a 3 E (R)-2

Scheme 4. Synthesis of enantiomers (S)-2 and (R)-2

We also accomplished direct optical resolution of compound 2 by chiral HPLC
providing each enantiomer in high optical purity (>95% ee). These enantiopure compounds
were evaluated for antifungal activity and it was found that the S-enantiomer of this class of

antifungal agents has higher antifungal activity than the R-enantiomer.
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Chapter 2: Section-I

Synthesis of hybrid fluconazole analogues containing

chalcone moieties and their bioevaluation

Introduction

The combination drug therapy is necessary in many cases because a single drug is
not always able to cure the illness. The principle of combination drug therapy can be
achieved by either using concomitant administration of two or more single active drugs or
by drugs in which the single active agents are combined in one molecule, i.e. hybrid
molecules and there are some reports describing the incorporation of pharmacophores of two
drugs in a single molecule with the intention of exerting dual drug action'. For example, one
of the hybrid parts may be incorporated to counterbalance the known side effects associated
with the other hybrid part, or to amplify its effects through action on another biological
target. Encouraging examples of molecules like 1-3 with potential as drugs in case of
systemic heart disease, malaria, cancer, fungal infections etc were recently published in the
literature®™ and the concept of “hybrid drugs” has been gaining more popularity in medicine

as a part of efforts to develop drugs with more activity or less toxicity.

- HN/\/\N’Me o} -
= = N
N | Q l N/&O
cl N N 9k

N
)
w

MeO

1 4: 7J-522

Figure 1. Structures of hybrid molecules

Yuan-Ying® reported the synthesis of antifungal hybrid molecule ZJ-522 (4)

restructured from fluconazole and butenafine wherein the hybrid compound 4 was found to



be 50-fold more potent than the fluconazole itself. The use of hybrid drugs shows some
advantages compared with a cocktail of drugs, including a lower risk of drug-drug
interactions, improved compliance by the patient, and a more predictable pharmacokinetic
profile. During the work presented in this chapter, efforts were made to synthesize hybrid
fluconazole analogues containing chalcone moieties depicted by general formulae 5 and 6 as

shown in Figure 2.

1 0 1 0
R R
N = X N X N
OH Al |B R OH Al |B R
N//\N o A = N//\N o A =
/ /
\=N Z' \=N Z'
Z 5 Z 6

Figure 2. Hybrid fluconazole analogues 5 and 6 containing chalcone moieties

Present work

Fluconazole inhibits the fungal enzyme lanosterol 14 o-demethylase, thereby
blocking the biosynthesis of ergosterol, an essential component of fungal cell membranes.
Chalcones have been shown to inhibit the growth of various fungi and yeasts, including
representatives of the Candida species’. It is known that the mode of the antifungal action of
chalcones relates to inhibition of the fungal cell wall®. The new hybrid antifungal agents 5
and 6 (Figure 2) restructured from fluconazole and substituted chalcones were designed and
synthesized. It was thought that these molecules would be an inhibitor of both fungal
enzyme lanosterol 14a-demethylase and the fungal cell wall, and have antifungal activity
like fluconazole and chalcones.

Syntheses of the hybrid molecules 5 were carried out via the route shown in Scheme
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R
/\,
(0)

Zl

0y
Z~z
Z~z

F e

) (0]
R
e =
(@)

' NN Ar = (Un)substituted phenyl
\=N z 2-thienyl, 2-naphthyl, 9-anthracenyl,
(0] N-methyl-3-indolyl
Z=F, Br,Cl;Z =H,F, Cl: R'=H, OMe
Ar H
Z
10 5

Scheme 1. Reagents and conditions: i) K,CO;, TBAB, EtOAc, 80 °C, 12 h, 80-86 % ii) 10%
NaOH, MeOH, rt, 12-20 h, 70-85%.

The 4-hydroxy acetophenone 8 was reacted with the epoxide 7 in presence of
potassium carbonate in ethyl acetate at refluxing temperature for 10-12 h to give the
intermediate compound 9 in good yields, which on Claisen—Schmidt condensation'® using
10% NaOH in methanol with various substituted aromatic aldehydes 10 afforded target
molecules 5.

The compounds with general structure 6 were synthesized as shown in Scheme 2.

g ‘Y -

;2
Lz

Z>N
i N_Y
O_» \=N F ‘ Ar = Ar = (Un)substituted phenyl
)j\ R'=H, OMe
Ar CHjy
13 6

Scheme 2. Reagents and conditions: i) K,CO;, TBAB, EtOAc, 80 °C, 12 h, 80-86 % ii) 10%
NaOH, MeOH, rt, 12-20 h, 80-85%.
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A library of hybrid fluconazole analogues was synthesized by using above synthetic
route and was screened for antifungal activity as described in Chapter 1. The activity data
indicated following points regarding the structure-activity relationship of the compounds
studied in the present work:

1. The hybrid compounds 5 and 6 having same substituent on the corresponding aromatic
rings showed almost same antifungal activity.

2. The hybrid compounds showed broader spectrum of antifungal activity than the individual
compounds.

3. The compounds with difluorophenyl moieties showed higher antifungal activity than
compounds with 4-fluoro and 4-bromophenyl moieties.

4. As number of substituents on A or B ring of hybrid molecule 5 increases, its activity
decreases.

5. The replacement of the B ring with alternative aromatic systems like naphthyl, thienyl and
indolyl was tolerated while bulky ring like 9-anthracenyl resulted in loss of activity.

6. Also, it was observed that along with a-f unsaturated functionality, tertiary hydroxyl
group is an essential functional group for antifungal activity.

In continuation to the above work, we have synthesized the (R) and (S) enantiomers
of compound 5 by reacting chiral epoxides (R)-7a and (S)-7a with hydroxy chalcones 14 in
presence of potassium carbonate and TBAB (tetrabutyl ammonium bromide) in ethyl acetate

at refluxing temperature to afford the target molecules (R)-5 and (S)-5 as shown in Scheme 3.

O
L T . W
1

/D

K,COs, TBAB, EtOAc
80 °C, 70-75%
(R)-7a (R)-5

(0]
N&\
\ N 14
=N F >
K,CO3, TBAB, EtOAC,
80°C, 70-77% Ar = 4-methoxyphenyl, ’
F

F ‘ 4-chlorophenyl, 2-thienyl
(S)-7a (S)-5

Scheme 3. Synthesis of enantiomers (R)-5 and (S)-5
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These enantiopure compounds were then evaluated for antifungal activity and it was
found that the R-enantiomers of this class of antifungal agents have higher antifungal

activity than the S-enantiomers.
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Chapter 2: Section-I1

Hybrid fluconazole analogues containing

furanones as novel antifungal agents

Introduction

Functionalized furanones are important subunits present in a large variety of natural
products and biologically active compounds such as alkaloids, lignan lactones and sex
attractant insect pheromones. Many of these compounds exhibit a variety of biological
properties including antifungal, anticancer, antibacterial etc and some of them act as
antibiotics, cyclooxygenase inhibitors etc. The natural product incrustoporin (2)' exhibits
antifungal activity and a number of analogues with structures 3 and 4 have been reported as
antifungal agents. Because of their unique structural features and wide range of biological

activities, furanones have attracted attention of organic as well as medicinal chemists.

NAN NAN Me fe)
\<y N=/
F \ o
:\Me 3a: R = Halo, dihalo, R1=alkyl, aryl 4
F Incrustoporin (2) 3b: R = Halo, methoxy-halo, dihalo
Fluconazole (1) R = Allyl, (un)substituted alkyl,

(un)substituted aryl, pyrrolyl

Figure 1. Structures of fluconazole (1), incrustoporin (2) and incrustoporin analogues 3 and 4

In the present work efforts were directed towards the synthesis of new antifungal
agents wherein a series of substituted furanone containing hybrid fluconazole analogues

were designed and synthesized.

Present work

In order to study the activity of hybrid molecules containing furanones and
fluconazole pharmacophores, new chemical entities with general structures 5, 6 and 7
(Figure 2) were designed. It was found that some of the synthesized molecules exhibited

significant antifungal activity against Candida.
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Figure 2. Structures of fluconazole analogues 5, 6 and 7

1) Synthesis of fluconazole analogues 5 containing furanones

The synthetic sequence used for preparation of hybrid molecules 5 is shown in

Scheme 1.

F
8 9 F 10
o R OH
R OH jg/\f(
o
N OH o ¢ N 0
¢ N NQ< ii N F v
(0]
N=/ F Ph —
F
F 11 Ar 12
R /D o)
N. OH
“aN ) °
N=/
F R =H, OMe
@ Ar = (Un)substituted phenyl, 2-thienyl
F 5

Scheme 1. Reagents and conditions: i) K,CO3;, TBAB, EtOAc, 80 °C, 12 h, 64-73% ii) Hippuric
acid, AC,0, NaOAc, 80 °C, 2 h, 90-95% iii) Ag. NaOH, 85 °C; b) H,0,, ag. NaOH, rt, 15 h, 30-35%
iv) ArCOCH,Cl, K,CO3, MeCN, reflux, 1-6 h, 65-75%.
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Thus, the known epoxide 8> was reacted with hydroxybenzaldehydes 9 to afford the
fluconazole analogues 10 which upon reaction® with hippuric acid in presence of acetic
anhydride and sodium acetate provided the azlactones 11. The substituted phenylacetic acids
12 were obtained by subjecting the azlactones 11 to heating with sodium hydroxide followed
by reaction with hydrogen peroxide in presence of sodium hydroxide at room temperature’.
The reaction® of phenylacetic acids 12 with suitable chloroketones in presence of potassium
carbonate in acetonitrile afforded the desired hybrid molecules 5. These compounds were
screened for their antifungal activity.

2) Synthesis of fluconazole analogues 6 containing furanones with exocyclic double
bond

The significant antifungal activity exhibited by compounds with general structure 4 with
exocyclic double bond prompted us to synthesize the hybrid molecules 6 employing the

synthetic strategy shown in Scheme 2.

Ar
OH [_o
H ) OH
/N‘N ? m ! (/N\N 0
¢ Mo —
N F i N F i
Brw)k L
Ar
F 14 F 15
13
Ar OH Ar
/ 0 / O
OH
(/N\N OH O (/N N 0
(o) i _J (o)
N=/ F — N E
[Ar = (Un)substituted phenyl)
F 16 F 6

Scheme 2. Reagents and conditions: 1) K,CO;, MeCN, 80 °C, 6 h, 60-65% i1) DBU, MeCN, air, rt, 2
h, 65-70% iii) P-TSA, toluene, reflux, 1-6 h, 50-57%.

The compounds 6 were found to be not enough stable to check their antifungal
activity.
3) Synthesis of fluconazole analogues 7 containing trisubstituted furanones

The synthetic strategy employed for the preparation of the fluconazole analogues 7

containing trisubstituted furanones is shown in Scheme 3. The reaction’ of aldehyde 10a
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with furanones 17 in methanol in presence of piperidine afforded the desired fluconazole

analogues 7.

(0]
0] Ar
o /
O J Arl
H Ar.
N OH | o N OH
¢ N o . ¢_N 0
N= F Ar N= F
17 =
Piperidine, methanol,
F RT, 15 h, 76-80% =
10a 7

[Ar = Ar! = (Un)substituted phenyl]

Scheme 3. Synthesis of fluconazole analogues 7

All the newly synthesized compounds were tested for antifungal activity against
various fungi as described in Chapter 1. The activity data indicated following points
regarding the structure-activity relationship of the compounds studied in the present work.

1. The hybrid compounds with general structure 5 showed higher antifungal activity than the

compounds with general structure 7.

2. The hybrid compounds 5 with substituent R'= OMe exhibited less activity than those with

R'=H. Also it was observed that as the number of substituents on aromatic ring C increased

the activity decreased.
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Chapter 3: Section-I
A short synthesis of 3,6-disubstituted N-2- thienyl/aryl-indoles

Introduction

The work described in this section involved a short synthesis of substituted indoles
from substituted styrene epoxides. Indole ring system is present in many natural products
and there are various methods reported for synthesis of indole framework'”. We have
developed a short synthesis of substituted indoles from substituted styrene epoxides and the
results are presented in this section.
Present work

We desired to study the antifungal activity’ of the compounds 1 wherein the
substituted benzyl group was to be replaced with various structural units and imidazolyl
moiety was to be replaced with various heterocycles (Figure 1).

(\N R RN\ __
N=/ - N-Ar

N
- N

1
Figure 1. General structures of substituted indoles 1 and 2

X 2

Accordingly, we synthesized a series of N-2- thienyl/aryl-indoles depicted by
general formula 2. The synthesis of desired N-2- thienyl/aryl-indoles 2 was effected by
reaction of epoxides 5 with the N-formylated aryl amines 6, to give the intermediate 2,3-
dihydro-3- hydroxyindolines 3 followed by subsequent dehydration with hydrochloric acid

as shown in Scheme 1.

OH

NG o A
N-Ar R
f]\ R H R N—-Ar /N__A
X yoSN-Ar X i v r
+ H @ —> — —
x 9 | 6
11}

x 4 fx3 X 2

R = 1H-1,2,4-Triazolyl, Imidazolyl, Benzimidazolyl, Benzotriazolyl etc;

X =F, Cl; Ar = Substituted 2-thienyl, substituted phenyl etc
Scheme 1. Reagents and conditions: for Ar = phenyl: i) K,CO3;, DMF, 80 °C; 80-90% ii) tBuOK,
DMF, 90 °C, iv) 50% HCI, EtOAc, 65-70%; for Ar = thienyl: iii) a) K,CO;, DMF, 80 oC; b) 50%
HCI, 58-85%
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Using above synthetic strategy a library of compounds was synthesized (a few

examples shown in Table 1) and checked for antifungal activity against various fungal

strains but none of the compounds showed good antifungal activity.

Table 1: Synthesis of substituted indoles

Entry Reactant 5 Reactant 6 Product 2 Yield
%
o}
<:JN ;\N%\ ﬂ 70.5
F
- n-Pent
| fe} H g~ ~n-Pent
6a
o
2 N= 6a ﬂ 63
n-Pent
5b 2b
Qw e
3 N=N 6a N=N N~ ] 84
S n-Pent
F 2c
N
N. NT N—=
¢ /JN H <:\,/J N cl
N F A 67
(0] NOCI
4 H
F 5d 6b F 2d
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Chapter 3: Section-I1
One-step synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines
and their use in the synthesis of highly functionalized
1,2,3,5,6,7- and 1,2,3.4,5,7-hexasubstituted indoles

Introduction

Dicyanoanilines exhibit various biological activities and they are useful as important
substrates for non-linear optical materials'. They are also reported to be used in the field of
molecular electronic devices’. The amino and cyano groups in 2,6-dicyanoanilines can be
converted into various other functional groups so these compounds can be used as starting
materials for a large number of aromatic compounds with various functional groups. There

are a number of methods reported for the synthesis of substituted 2,6-dicyanoanilines® but

most of the reports describe synthesis of 3,5-disubstituted-2,6-dicyanoanilines 1 (Figure 1).

R1
CN R CN Alkyl CN R NH,
l
2
R2 NH,  Ar NH, A|ky|j;:[ NH, A N" "COOR
CN CN CN CN R
1 2 3 4

Figure 1. General structures of 2,6-dicyanoanilines and hexasubstituted indoles.

Present work

This section describes a synthetic strategy for the preparation of highly substituted,
highly functionalized indoles 4 in two steps. The first step involved a facile synthesis of 3,4-
disubstituted-2,6-dicyanoanilines 2 via three-component reaction of aliphatic aldehyde, aryl
aldehyde and malononitrile in presence of base while the second step involved reaction of
3,4-disubstituted-2,6-dicyanoanilines 2 with ethyl bromoacetate in presence of base.

The reaction of aryl aldehyde 5, malononitrile and aliphatic aldehyde 6 was
attempted in presence of various bases like potassium carbonate, triethylamine, morpholine,
basic alumina etc with solvent (dimethylformamide, ethyl acetate, acetonitrile) or without
solvent at various temperatures ranging from room temperature to 100 °C and it was
observed that the reaction in presence of morpholine in DMF at 80 °C afforded the desired
4-alkyl-3-aryl-2,6-dicyanoanilines 2 as major product and 3,4-dialkyl-2,6-dicyanoanilines 3*
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as a minor product (Scheme 1). These two products were easily separated by column

chromatography.
o o Morpholine, DMF,
CN _80°C, 10-12h
Ar/U\H + H)K/R + <CN
5 6 2. major 3. minor
Ar = (Un)substituted phenyl
R = Alkyl

Scheme 1. Synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines 2

A number of 3-aryl-4-alkyl-2,6-dicyanoanilines 2 were prepared in order to check the

generality of the reaction (a few examples are shown in Table 1).

Table 1. Synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines 2

Entry Aromatic Aliphatic Product 2 Yield
aldehyde aldehyde %
OMe
MeO Me 77
1 CH;CH,CHO O
o )
NC CN
CHO 53
L
2 O MO 1 chyencno O O 77
O 6a NC CN
NH, 2b
5b
O
o <O O Me
3 <Oj© CH;CH,CHO O 75
5 CHO 6a NC CN
¢ NH, ¢
/ \ Me
BN {Sjj:i
4 g~ "CHO | CH;CH,CHO 36
5d 6a NC CN
NH,
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We desired to prepare functionalized indoles to be used as intermediates in the
synthesis of new chemical entities to be developed as antifungal agents. Accordingly,
reaction’ of the 3-amino-4'-methoxy-6-methyl-[1,1'-biphenyl]-2,4-dicarbonitrile (2a) with
ethyl bromoacetate in presence of potassium hydroxide pellets in acetonitrile at room
temperature afforded ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(4-methoxyphenyl)-5-
methyl-1H-indole-2-carboxylate 4a as major product in 69% yield and ethyl 3-amino-7-
cyano-1-(2-ethoxy-2-oxoethyl)-4-(4-methoxyphenyl)-5-methyl-1H-indole-2-carboxylate 7a as
minor product in 12% yield (Scheme 2).

NH; O
MeO
¢ O Me  BrCH,COOCH,CHS, Me N NH,
O KOH, CHCN, 1t, 2 h COOEt Me O

.~ N R N—cooEt
NC CN Ve CN \\COOEt N\\
NH, CN COOEt
2a 4a: 69% 7a: 12%

Scheme 2. Synthesis of 1,2,3,5,6,7-and 1,2,3,4,5,7-hexasubstituted indoles 4a and 7a

These two products were easily separated by column chromatography. The various
novel 2,6-dicyanoanilines synthesized earlier were subjected to above reaction conditions and
a few examples are shown in Table 2.

Table 2. Synthesis of 1,2,3,5,6,7- and 1,2,3,4,5,7-hexasubstituted indoles 4 and 7

Entry| Substituted aniline 2 Product 4 Product 7
(Yield %) (Yield %)
OMe

MeO Me NH,
- ¢
N—COOEt
1 N NH,
NG oN O N “coom | M€ N\
NH, MeO O COOEt
N
\_

CN COOEt

4b (62) 7b (18)
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0 NH o)
SOY o A S
o) N—COOEt O
3 O N
NC CN O CN  \“—COOEt Me N2
2NH2 O\/O O N—CoOEt
c 4¢ (69 N
(69) CN  “—COOEt
7c (23)
M NH =
4 \ © Me 2 S
S N—cooEt NH;
4 S N Me QA
NC CN \s oN ‘“-cookt N COoH
NH, 4d (64) CN  \“COOEt
2d 7d (12)

Thus, highly functionalized 5-alkyl-3-amino-6-aryl-2-carboethoxy-7-cyano-N-
carboethoxymethyl indoles 4 and 5-alkyl-3-amino-4-aryl-2-carboethoxy-7-cyano-N-
carboethoxymethyl indoles 7 were prepared by a short route using 3-aryl-4-alkyl-2,6-
dicyanoanilines 2 as intermediates which in turn were prepared by one-step method involving
three-component reaction of aliphatic aldehyde, aryl aldehyde and malononitrile in presence
of base.
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Chapter 3: Section-I11

One-step synthesis of a-chlorostilbenes mediated
by a heterogeneous Si-Fe catalyst

Introduction

During the previous research in our group, involving Friedel-Crafts acylation of
aromatic substrates with acid chlorides in the presence of a heterogeneous Si-Fe catalyst, we
found that a-chlorostyrenes were obtained in good yields in addition to the normal Friedel-
Crafts acylation products'. We envisioned that these results could be extended further to
obtain a-chlorostilbenes by reaction of phenylacetic acid chlorides with aromatic substrates.
The a-chlorostilbenes could then be converted into Cis or trans-stilbenes. Dechlorination of
properly substituted a-chlorostilbenes could then lead to various important molecules like
DMU-212.
Present work

We undertook the present work to develop efficient method for preparation of a-
chlorostilbenes and DMU-212. Accordingly, when anisole (la) was reacted with 2,4-
dichlorophenylacetyl chloride (generated in situ from 2,4-dichlorophenylacetic acid (2a) and
oxalyl chloride) in the presence of the heterogeneous Si-Fe catalyst' at room temperature,
the a-chlorostilbene 3a was obtained as a major product in 46% isolated yield. The normal
Friedel-Crafts acylation product 4a and aryl stilbene 5a were obtained as side products in

24% and 10% yields respectively (Scheme 1).

Cl MeO
HO MeO
OMe Cl
O -
2a
(COClI),, Si-Fe

cat, rt, 0.5-1h cl
1a 3a: 46% 4a: 24%

Scheme 1. Synthesis of a-chlorostilbene 3a

A number of a-chlorostilbenes were prepared in 46-55% isolated yields, when
anisole or toluene was reacted with various arylacetic acid chlorides in the presence of the

heterogeneous Si-Fe catalyst at room temperature for 0.5 to 2 h, demonstrating the
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generality of the method and a few examples are shown in Table 1. Reaction with thiophene
afforded the desired product in low yields.
Table 1. Synthesis of a-chlorostilbenes

Entry | Aromatic Arylacetic acid Product 3 Yield
substrate %
MeO.
OMe Cl O Gl
O | O, |
Cl
Cl
COOH MeO O ‘
| 2ol
2b 3b
Me
o |y
O | 0L T
3 2c Cl
Me
s w | YT C' "
Cl (¢]]
Cl
2d 3d
a
o) e | sy
28
S MeO Cl
OMe
1c 2e 3e

This synthetic strategy was used to prepare DMU-212, an anticancer agent, and its CiS

1somer 8 as shown in Scheme 2.
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OMe OH O
i =
+ — cl O OMe 4+

MeO OMe

la OMe MeO OMe
of 3f: 48% ab: 22%
OMe
" AVl
3f —>  MeO
OMe
6: DMU-212

OMe MeO N
iii iv
—  » MeO — OMe ——» O
3 © . q MeO O
7 OMe OMe
8 OMe

Scheme 2. i) (COCl),, Si-Fe cat, rt, 0.5-1 h ii) TBTH, AIBN, toluene, reflux, 1 h, 88% iii) n-BuLi,
THF, rt, 2 h, 90% iv) H,, Lindlar catalyst, EtOAc, quinoline, rt, 2 h, 72%.

In conclusion, we have developed a short synthetic strategy mediated by a
heterogeneous catalyst for the preparation of a-chlorostilbenes which can lead to trans-
stilbenes, diaryl acetylenes or cis-stilbenes. The utility of the present methodology has been
demonstrated by successful synthesis of a number of substituted a-chlorostilbenes, DMU-
212 and its cis-isomer.
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Chapter 1

1.1 Abstract

A series of novel triazole antifungal agents was synthesized based on structural
features of fluconazole by replacing one of the triazole moieties in fluconazole (6) with
various substituted 2-aminothiophenes. The strategy developed can be used for the synthesis
of a number of such compounds with very good to excellent yields. Efforts to vary
substituents on thiophene ring led to a library of compounds for SAR study. The
enantiomers of the substituted 2-aminothiophene-containing fluconazole analogues were
synthesized by utilizing Sharpless epoxidation reaction. All the synthesized compounds
containing triazole moiety were screened against different fungal strains and it was observed
that some of the newly synthesized compounds exhibited better antifungal activity than the
standard drugs like fluconazole and/or potent antifungal agent amphotericin B. The
antifungal activity data obtained suggest that these compounds have potential to be
developed as antifungal agents in the treatment of infections caused by various fungal
strains.

1.2 Introduction

Fungi are microorganisms that exist as yeasts (single-cell, round, grow by division or
budding), molds (multicellular filamentous) or a combination of both (dimorphic). Although
there are some 300,000 different fungal species', only 600 species are pathogenic to humans
and of these, 20 species account for 99% of all infections. In human beings infections due to
fungi range from the very common to critical diseases, such as dermatophytoses and
onycomycoses to deeply invasive and disseminated, such as candidiasis and aspergillosis.
Recently used antifungal agents are associated with severe side effects mainly due to the
lower degree of specificity towards the desired target. Due to longer use of these drugs,
resistance gets developed, especially in the opportunistic fungi active during the
immunosuppressive stage. The main factor for the increase of fungal infections is the
increased population of severely immunocompromised patients either with AIDS,
undergoing cancer chemotherapy or immunosuppressive therapy for organ transplantation.
The additional factors include treatment with broad-spectrum antibacterial drugs or
glucocorticosteroids, invasive procedures such as surgery, in-dwelling catheters or prosthetic
devices and parenteral nutrition or dialysis. However, as medical science has progressed in
other disease areas, many more patients are immunocompromised”, which have resulted in a

greater incidence of systemic fungal infections. Clinically, candidosis, aspergillosis and
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cryptococcosis are the three major infections in the immunocompromised individuals.’ Due
to the increasing frequency of fungal infections and development of resistance to the current
treatment,” mycology is today undergoing a true renaissance. Fungi cause a number of
illnesses (mycoses) ranging from the chronic to the serious infections. Invasive fungal
infections are nowadays a major cause of morbidity and mortality in patients such as with
neutropenia, AIDS, organ transplantation, etc.’

The term mycosis (plural: mycoses) refers to conditions in which fungi occupy the
resistance barriers of the human body and establish infections. These mycoses can manifest
themselves in a variety of ways. Infections can be superficial, i.e. situated at or close to the
surface of the skin, or systemic, which means they can affect the body as a whole rather than
individual parts or organs.’

Mycoses are classified according to the tissue levels initially colonized®’:

1) Superficial mycoses.

2) Cutaneous mycoses.

3) Subcutaneous mycoses.

4) Systemic mycoses due to primary pathogens.

5) Systemic mycoses due to opportunistic pathogens.

Factors responsible for the development of fungal infections are as follows" > 7

s Use of drugs that suppress the immune system, e.g. anticancer drugs,
corticosteroids.

% Diseases and conditions, such as AIDS, kidney failure, lung diseases, diabetes,
leukemia, organ transplantation etc.

¢ Fungal infections are extremely difficult to diagnose and therefore delays in
initiation of treatment.

1.3 Review of literature

Antifungal agents (Existing antifungal drugs)

There has been extensive research on the development of antifungal drugs including human,
agriculture as well as veterinary medicine, but only some of them are licensed for human
medicine use. They can be broadly classified into five major types’’.

» The polyene antibiotics

» Allylamines and thiocarbamates

» The azole derivatives
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» Morpholines

» Miscellaneous classes

The polyene antifungals comprise a large family of drugs but only two [amphotericin
B (1) and nystatin (2)] are used as antifungal agents (Figure 1). These drugs bind to
ergosterol within the fungal membrane disrupting its integrity. This makes the membrane
leaky, causing loss of small molecules from the fungal cell leading to lysis and finally death
of fungal cell. Amphotericin B is a very successful and widely used antifungal drug but its
use has been curtailed due to its toxicity. It causes unpleasant side effects including chills,
fever and lowering of blood pressure. It may also cause kidney damage. But still
amphotericin B remains the drug of choice for life threatening fungal infections and may
often be administered in lower doses together with other antifungal agents, reducing the risk

of therapeutic complications.

NH
LT
2: Nystatin O~ cH;,

Figure 1. Polyene antifungals amphotericin B (1) and nystatin (2).

Azole derivatives such as imidazoles and triazoles are emerging groups of antifungal
agents. The first group developed is imidazoles, which contains large number of compounds
primarily aimed at topical use. It includes miconazole (3), clotrimazole (4), ketoconazole
(5), etc (Figure 2). These compounds have broad spectrum of antifungal activity. Some of
them are also active against Gram-positive bacteria. One of the potential disadvantages of
these compounds is interference with human cytochrome P-450. The newer triazole series

includes fluconazole (6), itraconazole (7), terconazole and very recent ones voriconazole,
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posaconazole etc. They act by the same mechanism as the imidazoles but show less affinity

for the mammalian cytochrome P-450.

'

5@ O SO, o @C.

CI
N\
N

3: Mlconazole 4: Clotrimazole 5: Ketoconazole
NEN OH /NQI
N N N o H b
=N I:\fN N Cl
N\/
F
6: Fluconazole 7: ltraconazole

Figure 2. Azole antifungals containing imidazoles and triazoles.

The mode of action of azole antifungals is inhibition of ergosterol biosynthesis by inhibiting
the fungal cytochrome P450 3-A dependent enzyme, lanosterol 14-0- demethylase, thereby
interrupting the synthesis of ergosterol and inhibition of the cell growth as shown in Figure

3.

o) — (ot — fse) —

HO

9: Eburicol 10: Ergostratrienol ” 11: Ergosterol

Figure 3. The steps illustrated for ergosterol biosynthesis.
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Azole antifungals can also inhibit mammalian cytochrome P450-dependent enzymes
involved in hormone synthesis or drug metabolism; therefore, azole antifungals cause
hepatotoxicity. Sensitivity of other P450-dependent enzymes accounts for their primary
mode of toxicity. Although azoles demonstrate a broad spectrum of activity with less
toxicity than amphotericin B, they are not generally fungicidal but they are only
fungistatic®.

There are three allylamine antifungals in current use namely terbinafine 12,
naftifine 13 and butenafine 14 (Figure 4). Allylamines act by inhibiting squalene epoxidase,
which is an important enzyme in the membrane synthesis of fungi. Naftifine is active against
dermatophytes and some yeasts. Terbinafine is active against wider range of fungi. Its tert-

butyl side chain is essential for the specific activity.

CHs CHs CH,
EN\/\/l< EN\/\/G iN

12: Terbinafine 13: Naftifine 14: Butenafine
1 e
Me
HN N ‘.,
| N
N ONH J o_J Me
2 MeO > Me Me
F | Me

15: Flucytosine 16: Griseofulvin 17: Amorolfine

Figure 4. Other antifungal agents.

Flucytosine 15 interferes with the formation of fungal RNA/DNA. It can be used alone or
with amphotericin B. It derives selective toxicity from inability of human cells to convert it
into 5-fluorouracil. Its major drawback is the ease with which resistance develops against it.
Other antifungal agents include griseofulvin 16, which is a natural antibiotic and acts by
inhibition of microtubule formation, thus inhibiting fungal mitosis. It is used in the treatment
of ringworm, dermatophytis and fungal infections of nails.

Morpholine antifungal amorolfine 17 is known to inhibit sterol synthesis. There are

also cell wall antagonists like echinocandins e.g. cilofungin or nikkomycins. The
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echinocandins are fungal secondary metabolites comprising a cyclic hexapeptide core with a
lipid sidechain responsible for antifungal activity. Antifungal activity in the prototypes,
echinocandin B and aculeacin A was discovered by random screening in the 1970s. The
target for the echinocandins is the complex of proteins responsible for synthesis of cell wall
B-1,3 glucan polysaccharides. The sordarin antifungal class, although not developed for
clinical use, merits mention among the new mechanisms of action. Sordarins inhibit protein
synthesis by blocking the function of fungal translation Elongation Factor 2 (EF2).

The field of antifungal drugs has become static and there are only a few new groups
of antifungals under development. Due to emergence of new fungal pathogens,
nephrotoxicity to polyene antifungals and development of resistance to emerging azole
antifungals, there is always need for new antifungal compounds with novel modes of action
for treating or preventing fungal infections.

Need for further research in antifungal agents

There are mainly three challenging problems for the development of an effective

drug in combating severely invasive mycosis.
1. Resistance of yeasts to clinically useful antifungal agents: There are three different
resistance mechanisms known in pathogenic yeasts.8
e First, the reduced access of the agents to the target cytochrome P450 enzyme
because of increased efflux of antifungals, caused by the action of resistance gene
products.
e Second, the overproduction of cytochrome P450 enzyme, possibly by gene
amplification.
e Third, resistance mechanism due to a structural alteration in cytochrome P450

enzyme which results in lower susceptibility to azole antifungals.

2. Emergence of newer strains by mutation:

The treatment of immunosuppressed and immunocompromised patients such as
cancer and AIDS patients needs long term administration of antifungal drugs to treat the
invasive infections caused by opportunistic pathogenic fungi. The consequence leads to the
development of resistance of fungi to these drugs by mutation in the genes leading to newer

resistant strains.
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3. Toxicity of currently used antifungal agents:

The majority of the currently administered drugs are only fungistatic and cause
several side effects such as nephrotoxicity (polyenes) and hepatotoxicity (azoles), as the
fungi share similar cellular components and mechanism as that of mammalian cells.

New potential targets for antifungal developments

There is a great challenge to find sensitive fungicidal targets with potential for selectivity
over mammalian cells, some of them are discussed below.

1. The fungal cell wall: A unique target

The fungal cell wall is a complex structure composed of chitin, glucans, and other
polymers (Figure 5). This structure is very dynamic as it changes during various processes.
Beyond serving as a protective shell and providing cell morphology, the fungal cell wall is a
critical site for exchange and filtration of ions and proteins, as well as metabolism and
catabolism of complex nutrients. The fungal cell wall is a unique target since mammalian
cells lack a cell wall; it represents an ideal, safe and specific target for antifungal therapy.
Cell wall is present in all fungi, therefore cell wall biosynthesis inhibitors would exhibit

broad spectrum of antifungal activity.*” These features make it an ideal antifungal target.

Fungal cell fungal cell wall

) } Mannoproteins

B-(1— 6)-glucan
B-(1— 3)-glucan

]- Chitin

Phospholipid bilayer
of cell membrane

%o
Ergosterol O

o 0 [Eoninocandn

p-(1— 3)-glucan synthase

Ergosterol
Azoles Synthesns
Pathway

Squalene I Fluoropyrimidines I
DNA/RNA Synthesis e

o~
Allylamines 5'33“3"3‘30009\"\/\/\/

Figure 5. Targets of systemic antifungal agents.
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2. (1, 3)-p-D-Glucan synthase

The B-glucans are an abundant class of polysaccharides that are involved in
structural, functional and certain morphological roles at the fungal cell surface. The
membrane-bound enzyme (1, 3)-B-D-glucan synthase catalyses the synthesis of (1,3)-B-D
glucan, an essential glucose polymer found in fungi. It forms a fibril composed of three
helically entwined linear polysaccharides, which provide rigidity and integrity to the cell
structure. Since the (1, 3)-B-glucan is not found in mammalian cells, the glucan synthase has
become a target for research in antifungal agent development.
3. Chitin synthase

Chitin is the major structural component of the cell walls of many fungi. It is a (1-4)-
B-linked homopolymer of N-acetyl-D-glucosamine, and is produced by chitin synthase from
the nucleotide uridine diphosphate N-acetylglucosamine (UDP-GIcNAc). Chitin synthesis is
cell cycle regulated, and the amount and distribution of chitin in the cell wall changes as the
cell proceeds from vegetative growth to diploid formation and then sporulation. Since chitin
is not present in mammalian cells, it has the potential to be a highly selective target for
therapeutic use.
4. Mannoproteins

Mannose constitutes a major portion of the cell wall of many fungi, as well as the
glycoproteins that form the protective capsule in C. neoformans. The biosynthetic pathway
of this polysaccharide may be important to its survival in the host. Mannoproteins are
formed by O-linkages joining mannose and small oligosaccharides to the hydroxyl groups of
the amino acid serine. A second type of linkage connects high molecular weight and highly
branched mannoproteins to the protein moiety via an N-acetyl-glucosamine and asparagines.
Once mannose has been synthesized, dolichol phosphate mannose (Dol-P-mannose)
transfers mannose from GDP-mannose (Guanosine diphosphomannose) to dolichol
phosphate, forming Dol-P-mannose, a key intermediate in protein glycosylation. The
glycosylation of proteins occurs in the rough endoplasmic reticulum, after which they are
transported to the cell wall. All these steps might become antifungal drugs targets.
Fluconazole and its analogues

There have been many new developments in antifungal therapy in the past few years.
Some antifungal drugs have been reformulated to reduce toxicity (e.g. new lipid

formulations of polyenes), and new derivatives of drugs have been developed to enhance
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potencies of the presently marketed drugs. In spite of significant research on antifungal
agents, the azoles remain the mainstay of therapy for systemic life threatening fungal
infections as they have fungistatic, orally active and broad-spectrum activities against yeasts
and filamentous fungi. Azole antifungals are strong inhibitors of lanosterol 14a-
demethylase, a cytochome P-450-dependent enzyme which is essential for conversion of
lanosterol into ergosterol (Figure 3), a major component of fungal cell membrane®. Among
all azole antifungal agents, fluconazole (6) (1,2,4-triazole based drug) is the most important
antifungal agent. It is an antifungal agent of choice for the treatment of infections by
Candida albicans and Cryptococcus neoformans due to its potent activity, excellent safety
profile and favorable pharmacokinetic properties’.

Fluconazole is an orally effective azole-based antifungal drug with low toxicity,"
but it has a limited antifungal spectrum and is not fungicidal. Although fluconazole shows a
very significant efficacy against Candida albicans and C. neoformans'', it is not very

1213 and Aspergillus fumigatus'®. In addition, extensive

effective against Aspergillus niger
use of fluconazole has increased the number of fluconazole-resistant C. albicans isolates'”.
Therefore, toxicity concerns, limited spectrum, and the emergence of fungi resistant to
currently available agents has created a need for new and effective antifungal agents against
life-threatening systemic mycoses caused by C. neoformans, Aspergillus species, and
Candida species'®.

The efforts in the development of new antifungal agents led to discovery of several
new azole and triazole antifungals such as voriconazole (18), ravuconazole (19),
albaconazole (20), posaconazole (21), etc (Figure 6) which are active against Aspergillus."”’
Other modified fluconazole analogues 22-24 are reported in literature (Figure 6). Azoles
exert antifungal activity through inhibition of CYP51 by a mechanism in which the
heterocyclic nitrogen (N-3 of imidazole or N-4 of 1,2,4-tiazole) binds to the sixth
coordination of heme iron atom of the porphyrin in the substrate binding site of the

enzyme.'®
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Figure 6. Azole antifungals containing 1,2,4-triazole

Based on the structure of the active site of CYP51 and the extensive investigation of the
structure-activity relationships of azole antifungals, it was found that 1,2,4-triazole ring and
2,4-difluorophenyl group are essential for the high antifungal activity. Several papers on the
synthesis and biological activity of structurally modified new analogues of fluconazole have

19-41 .
and some of them are discussed below.

been published in the literature

Wang and coworkers reported® fluconazole analogues with general formula 31. The
compound 31 was synthesized by using chemistry shown in Scheme 1. The intermediate
oxirane 28 was synthesized by known procedure and was allowed to react with N-methyl-
substituted phenoxybutan-1-amine 30 (which was synthesized by reacting 1-(4-
bromobutoxy)-substituted benzene with methylamine in EtOH at room temperature) in the

presence of triethylamine in ethanol at 80 °C to get the target compound 31 with moderate to

high yields.

12



Chapter 1

o)
cl © /N © I N
N / N /
F F \=N F ¢ g =N F
e, b LG CH3SO3H
F F F F
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— \;N F [R = 4-CH3, 2-CH3, 4-C|, 2-C|, 4-C(CH3)3,}

3-CHs, 4-F, 4-OCHg, 4-NO,

31
Scheme 1. Reagents and cI(:)nditions: (a) CICH,COCI, AICl;, CH,Cl,, 40 °C, 3 h, 50%; (b) 1,2,4-
(1H)-Triazole, K,CO;, CH,Cl,, rt, 24 h, 70%; (c) (CH;);SOI, NaOH, toluene, 60 °C, 3 h, 62%; (d)
CH;SOsH, 0 °C, 1 h, 89% (e) Substituted phenol, K,CO;, DMF, 70 °C, 2 h, 91-92%; (f)
Methylamine, EtOH, rt, 12 h, 97-98%); (g) 28, Et;N, EtOH, reflux, 9 h, 51-60%.

In vitro antifungal activity assay indicated that the new azoles 31 showed excellent
activity against both systemic pathogenic fungi and dermatophytes. Most of the compounds
show higher activity than fluconazole and itraconaozle with MICg values in the range of
0.0156-0.001 pg/mL.

Based on the model study carried out by Ji et al.**, Qui-Ye Wu and coworkers™
designed fluconazole analogues 34a-k by computational docking experiments to the active
site of the cytochrome P450 demethylase (CYP51). They synthesized the compounds 34a-k
as shown in Scheme 2. The compound 33 was obtained by reacting epoxide 32 (a known
intermediate) with cyclopropylamine in EtOH in the presence of Et;N as base. Finally, the
target compounds 34a-k were obtained in 40-60 % of yields by reacting 33 with differently

substituted benzyl bromides in acetonitrile in the presence of potassium carbonate.
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O N=\ OH H N=\ OH Y
<, N <N [
N N =N
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F F

F
32 33 34a-k

0y

[R = H, 2-Me, 4-Me, 2-F, 4-F, 2-Cl, 4-C|. 2-Br, 4-Br, 4-tBu, 2,4-dif|uoro]

Scheme 2. Reagents and conditions: a) Et;N, EtOH; b) Cyclopropylamine, Et;N, EtOH, 80 °C, 6-8
h, 60 %; c) ArCH,Br, MeCN, K,COs, 70-90 °C, 6-10 h, 40 —60 %.

Preliminary biological tests showed that most of the target compounds 34 exhibit
significant activities against the eight most-common pathogenic fungi. The most potent
derivative, 1-[(4-tert-butylbenzyl)(cyclopropyl)amino]-2-(2,4-difluorophenyl)-3-(1H-1,2,4-
triazol-1-yl)propan-2-ol (34j), was found to have a broad antifungal spectrum, being more
active against Candida albicans, Candida tropicalis, Cryptococcus neoformans,
Microsporum canis and Trichophyton rubrum than the standard clinical drug itraconazole.

Bartroli et al. reported®® a series of azole derivaties carrying N-acylmorpholine ring
depicted by general formula 35 which were lactones, lactols and cyclic ethers. One of the
compounds from the series exhibited excellent activity, and in vaginal model of murine
systemic candidosis, it was observed to be superior in potency when compared with
fluconazole. Triazole compounds (shown with general formula 36, Figure 7) with an
oxazolidine ring were reported®’ by S. Oida and co-workers as the potential inhibitors of

fungal cytochrome P450 14a-demethylase.

Z 7 \ ./
=N
N/j N2 a .
> NVN XA\
H Y
X [ j\ X Me O
35
X, X' =H, F, Cl, CF5 X = 2,4-difluoro, 2,4-dichloro, 4-Cl etc
Z,2"=H, OH, =0 R =4-Cl, 4-CF3, etc

Y = CF3, OCFg, OCH20F3, OCH2CF20F2H

Figure 7. General structures of fluconazole analogues containing N-acylmorpholine and oxazolidine
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Furthermore, some of the methyloxazolidine derivatives 36 exhibited remarkably
high efficacy against a mouse systemic Candida albicans infection.

Chai et al.”® reported the synthesis of fluconazole analogues 37 containing
substituted benzylamine based on the results of computational docking to the active site of
the cytochrome P450 14o-demethylase (CYP51) (Figure 8). Zang and coworkers also

reported”*®

the synthesis of a series of substituted benzylamine-containing azole molecules
depicted by general formulae 38 and 39 and studied the antifungal activity and calculated
the interaction energies for the complexes of compounds 38 and 39 with the active site of
CYP51. Pharmacological and toxicological evaluation of these compounds may help in
discovery and optimization of the lead compounds. Compounds depicted by general formula

37 with free primary amine (X, X' = Cl, R = H, R' = 4-amino) were also studied and
reported®”® by F. Giraud et al.

X, Xt=F, Cl; R = H, alkyl
Rl =H, 3-Cl, 4-Br, 4-F, 2-F
4-CHg, 4-NO,, 4-NH, etc

R = H, 4-Cl, 4-NO,, 4-1, 2-F, 4-CHs, 4-Br, etc
X = CH,, CH,CO

R
OH Me /
PAN |
'\\‘\/ N N /N
N R =H, 4-Cl, 4-Br,
H "o 4-CHs, 3- NO,, etc
F 39

Figure 8. Fluconazole analogues 37, 38 and 39

Furthermore, P. Liu et al. reported® a series of 1-(substituted biaryloxy)-2-(2,4-
difluorophenyl)-3-(1H-1,2,4-triazol-1-yl) propan-2-ols 40, 41 and 42 as analogues of
fluconazole and their antifungal activities were evaluated against eight human pathogenic
fungi in vitro. Seventeen compounds showed activity 4-to 64-fold higher than voriconazole
against Candida albicans. SAR study clearly suggested that introduction of a biaryloxy side

chain greatly enhanced the antifungal activity of triazole analogous against Candida species.
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B= CGH5, 2-(OH)CGH4, 4-(OH)C6H4 ] [R = 4-(C|CH2)C6H4, 4-(CH3)C6H4, 3-(CH3)C6H4,J

Figure 9. Structure of biaryloxy triazole derivatives.

N-H. Nam et al. reported3 " two classes of fluconazole derivatives, (a) carboxylic acid
esters and (b) phosphate esters of carbohydrates and fatty alcohols, and evaluated in vitro
against Cryptococcus neoformans, Candida albicans, and Aspergillus niger. All carboxylic
acid ester derivatives of fluconazole such as O-2-bromooctanoylfluconazole (43e, MIC =
111 pg/mL) and O-11-bromoundecanoylfluconazole (43g, MIC = 198 pg/mL), exhibited
higher antifungal activity than fluconazole (MIC = 444 ng/mL) against C. albicans ATCC
14053 in Sabouraud dextrose broth (SDB) medium. Several fatty alcohol phosphate triester
derivatives of fluconazole exhibited enhanced antifungal activities against C. albicans
and/or A. niger compared to fluconazole in SDB medium. These results demonstrate the
potential of these antifungal agents for further development as sustained-release topical

antifungal agents.

o O-Carbohydrate o
o./ 2 I 1
»\R \P_O/\/CN R O_FI)_OR
o Ty o N o N
/\ , 5\ VAR /\ ’
N\/ N N Y Y N ] ’\\‘\/ N N Y
< F\;N N \=N SN \=N
F 43 F 44 F 45
a: R=CHs d: R = CH(Br)-n-CgH13 Rl = H, -CH,CH,CN, Me
b: R =n-Cy3Hy7 e: R = CH(Br)-n-C;,Hs R2 = Alkyl
c: R=CH(BrCH;z |f: R=n-CgH;gCH,Br

Figure 10. Carboxylic acid and phosphate ester derivatives of fluconazole

16



Chapter 1

Le Borgne and co-workers reported®> a series of fluconazole analogues 46
incorporating azaindole and indole moieties using oxirane intermediates. They synthesized
these fluconazole analogues under microwave irradiation. All of the compounds were
evaluated in vitro against two clinically important fungi, Candida albicans and Aspergillus
fumigatus. Most of the derivatives exerted high antifungal activity against C. albicans with

MICg values 3- to 28-fold lower than those of fluconazole.

HN
N',\l R R= N N N
N H

I~
\= X'

COOEt
X=X=F \
X=X =Cl N
\

Figure 11. Azaheterocycle analogues of fluconazole

COOEt

Chai et al. reported” the synthesis and in vitro antifungal activity of various N-

substituted piperazine-containing fluconazole analogues 47.

T
N N R = 2-F, 4-F, 2-Cl, 3-Br,

\QN, 4-Br, 4-CHj, 3,4-dimethoxy,
2,5-dimethoxy

47
R 0
2N H /) R=H,F
\\N/ F __/ H \ AR IR" = 4-F, 4-Cl, 2,4-dichloro, 3, 4-dichloro,
7 4-Br, 4-CHa, 4-OH, 4-OCH,Ph,
48 4-NO,, 3-NO,
F

Figure 12. Fluconazole analogues containing piperazinyl moiety

Antifungal activity studies of the synthetic compounds indicated that the piperazinyl
side chain greatly enhanced the antifungal activity of these analogues against Candida

species. Q-Y. Sun et al. also reported™® piperazine-containing fluconazole analogues 1-(1H-
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1,2,4-triazol-1-yl)-2-(2,4-difluorophenyl)-3-[ (4-substitutedphenyl)-piperazin- 1-yl]-propan-2-
ols 48 on the basis of the structure activity relationships and antimycotic mechanism of
azole antifungal agents. All the 19 compounds, synthesized and tested for antifungal activity
against 6 different strains of fungi, exhibited good to excellent activities.

Pore and co-workers reported”” fluconazole analogues having general formulac 49
and 50 with (un)substituted 1,2,3-triazole ring which are isosteres of fluconazole. They also

reported bile acid conjugates of fluconazole isosteres as shown in Figure 13.

OH _
o~ ’N‘\N R= H, TMS, C6H13,
/>N N
N_V \7(
\=N F R
F
49
OH R R'=H, CgH4,
N//\N J l/\l gH17
/ —
\=N FN=N
F
50

Figure 13. Fluconazole analogues and their bile acid conjugates

These molecules were evaluated in vivo against Candida albicans in Swiss mice
model and antiproliferative activities were tested against human hepatocellular carcinoma
Hep3B and human epithelial carcinoma A431. It was observed that one of the compound
(50, R = CgHj7) resulted in 97.4 % reduction in fungal load in mice and did not show any
profound proliferative effect at lower dose. Some of the compounds were observed to be
more toxic than fluconazole but less toxic than ketoconazole.

On the basis of the active site of lanosterol 14a-demethylase from Candida albicans
(CACYPS51), Jiang and coworkers reported%a'b the synthesis and antifungal activity of a
series of 1-(2-(2,4-difluoro-phenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-1H-1,2.4-
triazol-5(4H)-ones 51 and 52.
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52
F
F 51
R = 4-F, 2-F, 4-Cl, 2,4-dichloro, 3-Br,
R = (Un)substituted phenyl 2-Br, 4-OCH3, 3-OCHj3;, 4-OCF3,
or heterocyclyl 3-CHs, 2,4-dimethyl, 4-CH,CH,CHj,

4-(CHy)3CH3, 4-(CH;)4CH3

Figure 14. Fluconazole analogues containing 1H-1,2,4-triazol-5(4H)-one moiety

All compounds were evaluated by in vitro test against eight human pathogenic

species. Preliminary results showed that some compounds displayed better antifungal

activities than reference drug fluconazole against tested strains.

Zhang and coworkers reported’” new azoles with piperidin-4-one O-substituted

oxime side chains depicted by general formula 53 by using computer modeling. In vitro

antifungal assay indicated that most of the synthesized compounds showed good activity

against tested fungal pathogens in comparison with fluconazole, itraconazole and

voriconazole, suggesting that they are promising leads for the development of novel

antifungal agents. Sheng et al. reported®® that fluconazole analogues with phenylacetamide

side chain showed by general formula 54 exhibited good antifungal activity against Candida

albicans and C. neoformans.

~ 0 N o~ N
NEN U /\© N \// l\/lN ':/\[( N
F 53 F 54
= - i . ) R = H, 2-OCHj3;, 4-C(CH3)3, 4-Cl, 2-NO,,
R=H, 3-NO,, 4 N.Oz, 2-Cl, 3-Cl, ‘ 4-OCF., 4-Br. 4-F, 4-CHy. 4-OCH,
4-Cl, 2,4-dichloro, 4-CN, 2-F

Figure 15. Fluconazole analogues 53 and 54
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Apart from this, in our group efforts have been made for the synthesis of number of
fluconazole analogues containing thieno-[3,2-d]pyrimidin-4(3H)-one®, thieno-[2,3-
d]pyrimidin-4(3H)-one™ and 2H-1,4-benzothiazin-3(4H)-one or 2H-1,4-benzoxazin-3(4H)-
one’' moieties shown by general formulac 55, 56 and 57. Most of the synthesized
compounds exhibited very good to excellent antifungal activity against different fungal

strains. This made us to design and synthesize novel fluconazole analogues described in this

chapter.
4 1 0o
R RSR O R
N OH OH >ﬁ
N N > X /—N N 2 N N Y
lQN’ /X N N 1l | R® N/
F s \Z XTsN7 TS X 7\
’ |
£ X 56 x R
55 57
= 1.2 4-tri 1= :
[ >F§ = : I;Ir, 1H-1,2 4-triazoly! etc. ><1 X N r; F,4Br, Cl; Y=0,8;X,X'=H,F,ClBr,
=r, Me R%, R R R"=H, R = H, ClI, Br, Me, OMe, Ac, NO,

Alkyl side chains

Figure 16. Fluconazole analogues containing thienopyrimidinone, benzothiazinone and

benzoxazinone moieties

Thiophenes: biologically important channel (feed)
Thiophene is the backbone of several important products, including

pharmaceuticals*’, dyes*, and agrochemicals**. In addition, this S-heterocyclic core is

Figure 17. Thiophenes exhibiting antifungal and anti-inflammatory activity
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present in many natural products, several of which show antibacterial, antifungal,
antiamoebic, antioxidant, antitumor, anticoagulant and antithrombotic activities**¢, Within
this family, the 2-aminothiophenes occupy a special position as important intermediates in
synthesis because they provide building blocks for several types of heterocyclic systems.
Fokialakis et al. reported46 thiophene moieties 58 and 59 (Figure 17) present in some natural
products and it was found that they exhibited significant antifungal activity.

A. D. Pillai et al. reported*’ trisubstituted thiophenes AP82 and AP84 (representative
examples 60 and 61) as anti-inflammatory agents (Figure 17). AP82 had an aroyl
substitution at the fifth position of the thiophene and AP84 had a pyridyl substitution at the
fifth position. These compounds were synthesized from thioacrylic acid morpholide
intermediate, which in turn was synthesized from o-halo carbonyl compound or
halomethylene compound.

Burns and co-workers discovered*® that 2-amino-3-benzoylthiophenes (62, 63, 64
and 65) are allosteric enhancer of agonist binding to the A; adenosine receptor (A;AR).
Substituted 2-aminothiophenes of structures 62-65, with alkyl, aryl and cycloalkyl
substituents in C-4 and C-5 position and aroyl subtituent in C-3 position (Figure 18),
maintained the best allosteric enhancer activity. They have prepared some more derivatives
of 2-aminothiophene, out of which the compounds represented in Figure 18 showed

excellent activities.

0
Ph—_~
o)
S/
NH
65 2

Figure 18. Structures of some aminothiophene-based allosteric enhancers

K. Nakamoto et al. reported” new quinoline, azaindole, and pyridine amide
derivatives 66, 67 and 68 that show potent antifungal activity against C. albicans and A.
fumigatus that act by inhibiting the function of the glycosyl wall transferase 1 (Gwtl)
protein in an early step of the glycosylphosphatidylinositol (GPI) biosynthetic pathway.
Glycosylphosphatidylinositols (GPIs) are glycolipids that play a role in attaching cell
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surface proteins to eukaryotic plasma membranes, including those in fungi. Also these GPI-
proteins play important roles in cell wall biosynthesis and maintenance of homeostasis. The
syntheses of these analogues began with 5-nitro-2-thiophenecarbonitrile and substituted

phenols respectively.

R1
R H R =N NH =N NH,
66 67 68

Figure 19. Thiophene-containing compounds exhibiting antifungal activity

Furthermore, some drug candidates and marketed drugs5 969, 70, 71 and 72
developed from 2-aminothiophene scaffold (Figure 20) show diverse pharmacological
profiles with antimicrobial, anticonvulsant, and anti-inflammatory activities, and as potent c-

Jun N-terminal kinase 2 and c-Jun N-terminal kinase 3 (JNK2 and JNK3) inhibitors and

/

N

adenosine agonists.
! O
HN N\f

H S
N N—¢ \ /i
COOEt d .
@ :

69 70 Cl 71 72

Figure 20. Examples of substituted 2-aminothiophenes having different biological activities

1.4 Present work

1.4.1 Objective

As discussed above, fluconazole is one of the most important drugs used as
antifungal agent in treatment of various fungal infections. It is an orally effective azole-
based antifungal drug with broad antifungal activity and low toxicity. Although fluconazole
shows a very significant efficacy against Candida albicans and C. neoformans, it is not very
effective against Aspergillus niger and Aspergillus fumigatus. In addition, extensive use of

fluconazole has increased the number of fluconazole-resistant fungal strains. Therefore, it is
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necessary to develop new and effective antifungal agents with broad spectrum of antifungal
activity against life-threatening systemic mycoses including those caused by C. neoformans,
Aspergillus species, and Candida species.

In search for new antifungal agents with improved antifungal profiles, we designed a series
of novel antifungal compounds depicted by general formula 73 (Figure 21), wherein efforts
were directed towards replacement of triazole moiety with variously substituted 2-
aminothiophenes to explore the possibility of getting new antifungal agents active against
the fluconazole-resistant fungal strains and with less toxicity. Since the salts of
aminothiophene moieties would make molecule more water soluble than simple
hydrocarbon moieties, the compounds could be more easily delivered to the target enzyme.
Also since many other triazole antifungal agents have heteroatoms at the corresponding part
of the molecule, complementary structure of the target enzyme would be implied and a
variety of substituted 2-aminothiophenes could be made available for structure-activity

relationship study.

R R
on I
N//\',“ NH” N~ ~R?|Z=F,Br,Cl;Z'=H,F,Cl;
\=N 2 R®= COOEt, CN;
R'=H, Alkyl, R?>= Alkyl;
R, R?= -(CH,),-

z 73

Figure 21. General structure of compounds synthesized in present work

Furthermore, the stereoselective interaction of the enzyme with stereoisomeric
azoles has become an intriguing field of study. The relationship between stereochemistry
and antifungal activity showed that the target enzyme, cytochrome P-45014-a- demethylase,
recognized the configuration of the chiral centres’’. So in continuation to the above work,
efforts were also directed towards the synthesis of enantiopure compounds to examine the
influence of absolute configuration upon antifungal activity. The structure-activity

relationship study is also presented in this chapter.

1.4.2 Results and discussion
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The retrosynthetic analysis for preparation of compounds depicted by general formula 73 is

shown in Scheme 3.

R3
o T
"\l\/ N N S~ "R? R. /\
=N 7 HN™ S
——> 77

z

N
2

R —]
 G—]

| Qf“
I
R&w &

@ .

Scheme 3. Retrosynthetic analysis for preparation of compounds 73

Compound 73 could be synthesized by the opening of epoxide 32 with suitable
aminothiophene 77 which could be synthesized from substituted 2-aminothiophene 78,
which in turn could be synthesized from respective aldehyde or ketone 79 by Gewald
reaction’”. The epoxide 32 could be synthesized from triazolyl ketone compound 76, which
can be synthesized from (di)halobenzene 74 via its acylated intermediate 75 by a known
method™.

The various substituted 2-aminothiophenes 78a-i were prepared by the synthetic

route shown in Scheme 4.
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OH _ 0] EtOOC R
2 I 2 ii
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79 78a-i
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al H CHj f| CHz  (CH2)sCHj
b| H CH,CH;3 g| -(CHy)s-
c|l H (CH2)20H3 h _(CH2)4_
d/H (CH,);CH
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el H (CH5)9CH3

Scheme 4. Reagents and conditions: i) DMSO, (COCI),, Et;N, DCM, -78 °C, 3-4 h, 82-90% ii)
Ethyl cyanoacetate, sulphur, ethanol, morpholine, 80 °C, 10-15 h, 85-93%.

Thus, a substituted alcohol 80 (depending on side chain in thiophene) was subjected
for oxidation to get aldehyde/ketone 79, which was reacted with ethyl cyanoacetate and
molecular sulphur under Gewald reaction condition® using morpholine as a base and
ethanol as solvent (Scheme 4) to afford the desired 4 and/or 5-substituted 2-aminothiophene-
3-carboxylate 78a-i.

When aldehydes 79 were reacted with malononitrile under same reaction condition
(Scheme 5), instead of getting the corresponding S5-substituted 2-aminothiophene-3-
carbonitriles 78j-n, 2,6-dicyano-3,4-dialkyl-anilines 81°* were obtained as major product in
80-87% yield. Thus, when propionaldehyde was reacted with malononitrile and sulphur in
presence of morpholine using ethanol as solvent, 2,6-dicyano-3-ethyl-4-methyl-aniline™* was
obtained as a major product in 84% of yield. But when cyclopentanone was reacted with
malononitrile under Gewald reaction condition® (as used for the synthesis of compounds
78a-i) the desired compound 780 was obtained in good yield. In order to get the 5-
substituted 2-aminothiophene-3-carbonitriles from the aldehydes, we changed the reaction
condition as shown in Scheme 5. The aldehydes were reacted with malononitrile and sulphur
in presence of triethyl amine as base in dry DMF to get the desired compounds 78j-n along

with the minor side products 2,6-dicyano-3,4-dialkyl-anilines 81 in 10-30% of yields.
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R1
i R?
> R'=R? = Alkyl
NC CN
O NH,

RJK/RZ 81 78| R’ R2
j|H CH,
79 1 k H CH2CH3
) NG R | | H  (CHy):CHj
HoN Rz N 2)aCHs
2 S 0| -(CHys

78j-0
Scheme 5. Reagents and conditions: i) Malononitrile, sulphur, ethanol, morpholine, 80 °C, 10-15 h,

80-87% ii) Malononitrile, sulphur, DMF, Et;N, 0 C-rt, 10-15 h, 40-75%

Synthesis of the epoxide 32 was carried out by known method™ as shown in Scheme

0
2\ @) N
O NN NN
z z =N z N z
Q i i i
z z z z

74 75 76 32

Scheme 6. Reagents and conditions: i) Chloroacetyl chloride, AICI;, DCM, 0 °C-rt, 10-12 h, 80-90
%; ii) K,CO;, 1H-1,2,4-triazole, EtOAc, 80 °C, 10 h, 69-76 %; iii) Trimethylsulphoxonium iodide,
aq. KOH, DCM, 45 °C, 12 h, 81-91 %.

Halobenzenes 74a-d were acylated with chloroacetyl chloride in presence of
aluminium chloride. The acylated products 75a-d thus obtained were treated with 1H-1,2,4-
triazole in presence of potassium carbonate to get ketones 76a-d respectively. These triazole
containing ketones 76a-d were converted into respective epoxides 32a-d under Corey-

Chaykovsky reaction conditions®*"

using trimethylsulphoxonium iodide and aq. potassium
hydroxide. The comparison of the spectroscopic data of epoxides 32a-d with the literature

values confirmed the product formation in the reaction.
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The substituted aminothiophenes 78 were then reacted with the epoxides 32 in
presence of potassium carbonate and tetrabutyl ammonium bromide (TBAB) in ethyl acetate
at refluxing temperature but we failed to get desired compounds 73. For the synthesis of
target compound 73, substituted aminothiophenes 78 were then reacted with the epoxides
32a-d in presence of strong bases such as potassium tert-butoxide, sodium hydride etc in
different solvents such as dimethylsulfoxide, dimethylformamide etc. and also at varying
temperatures, but none of the above reaction conditions resulted in product formation. Every
reaction resulted in either recovery of starting material or a complex reaction mixture. In
case of epoxides 32a and 32d the reaction resulted in the formation of the substituted

benzofuran™® 82 along with the recovery of compound 78 (Scheme 7).

Z=F,Br,Cl;Z =H,F,Cl
R3= COOEt, CN; R=H, Alkyl, R?= Alkyl; R, R?= -(CH,),-

Scheme 7. Reagents and conditions: i) K,CO;, TBAB, EtOAc ii) a) NaH, DMF, rt b) tBuOK, DMF
and/or tBuOH, rt.

After the failure in the reaction of substituted aminothiophenes 78 with epoxides 32,
we thought to make the amine proton of substituted aminothiophenes 78 more active and
then react with epoxides 32 in presence of mild base. Accordingly, we formylated the
substituted 2-aminothiophenes 78a-i by using formic acid and ammonium acetate at 120-140
°C to get the the substituted N-formylated aminothiophene carboxylates 77a-i as shown in
Scheme 8. Evidences for the formation of N-formylated aminothiophene carboxylates 77a-i
were shown by the presence of amide proton in the range of & 9.00 to 11.00 in 'H NMR.
Furthermore, IR spectra in chloroform/nujol showed band at 1680 to 1690 cm™ indicating
the presence of amide carbonyl, in addition to the band at 1660 to 1675 cm™ for ester

carbonyl.
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Scheme 8. Reagents and conditions: i) HCOOH, NH,OAc, 120-140 °C, 5-7 h, 71-83%.

The 5-substituted 2-aminothiophene-3-carbonitriles 78j-0 were then subjected to
formylation by using same reaction condition as used for the preparation of compounds 77a-
i but instead of getting the desired products 77j-o, thieno-[2,3-d]pyrimidin-4(3H)-ones> 83
were obtained (Scheme 9). For the synthesis of N-formylated compounds 77j-0, we
attempted the reaction at different temperatures like 80 or 60 °C, which also resulted in the
formation of compound 83. To obtain the desired N-formylated compound, finally the
reaction was carried out at room temperature to afford the N-formylated aminothiophene
carbonitriles 77j-0. Formations of N-formylated aminothiophene carbonitriles 77j-0 were
confirmed by the 'H NMR value of amide proton in the range of & 9.00 to 11.00.
Furthermore, IR band at 1680 to 1690 cm™ confirmed the formation of formylated products.

(0] R1
i HN )
— | s\ R [77]R" R R3
NG R! N j [H cH, CN
83 k |[H CHxCH; CN
/N I |H (CHp,CH; CN
H,N" g7 R2 NC R' m| H (CH,)sCH; CN
) y o n|H (CHy),CH; CN
78j-0 L ) o | -(CHy)s CN
H H s” "R?

77j-0
Scheme 9. Reagents and conditions: i) HCOOH, NH,OAc, 120-140 °C, 5-7 h, 78-90% ii) HCOOH,
NH4OACc, rt, 2-4 h, 70-78%.

So as to achieve the synthesis of target molecules, the N-formylated
aminothiophenes 77a-0 were then reacted with the epoxides 32 in presence of potassium
carbonate and tetrabutylammonium bromide (TBAB) in ethyl acetate at refluxing
temperature to afford the target molecules 73a-0 as shown in Scheme 10. Four successive

doublets, each for one proton in the range of & 4.04-4.98 with coupling constant in the range
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of J = 10-14 Hz in '"H NMR spectrum confirmed the formation of product. These four
protons are diastereotopic in nature hence showed doublets in 'H NMR spectrum. The

structures of the products were further confirmed with the help of ?C NMR, IR and mass

spectroscopy.
R3 R
0 K,COs, TBAB, OH /Z——/(
N I\
"\‘\/ N R R EtOAc, 80 °C, "\‘j\,N N"Ng” R
=N z )OL /Z_g\ 12h SN 7
+ H N Ng” TR? 70-85%
H
z 77 Z  73a-73q
32
Z=F,Br,Cl;Z'=H,F,C;
R3= COOEt, CN; R'=H, Alkyl, R?= Alkyl; R", R?= -(CH,),-

[ Structures of compounds 73a-73q are shown in Table 1 J

Schemel0. Synthesis of fluconazole analogues 73

Using above synthetic strategy, a number of compounds were synthesized and
structure activity relationship was studied. The synthesized fluconazole analogues
containing 4 and/or S5-substituted 2-aminothiophene-3-carboxylates/carbonitriles 73a-q
described in this chapter were screened for antifungal activity at FDC Ltd., Mumbai and the
results are presented in the following paragraphs.

Antifungal evaluation

All the newly synthesized compounds 73 were tested for antifungal activity against
various fungi including Candida albicans ATCC 24433, Aspergillus niger ATCC 16404 and
Fusarium proliferatum ATCC 10052. In vitro evaluation of antifungal activity was
performed by determining the minimum inhibitory concentration (MIC) following standard
methods™°. Antifungal susceptibility testing of these compounds was done by broth
dilution method using RPMI 1640 medium (RPMI = Roswell Park Memorial Institute) with
MOPS (3-(N-morpholino) propanesulfonic acid) buffer. Known antifungal agents like
fluconazole and amphotericin B were used as positive control. End points were determined
after 48 hours visually and by using spectrophotometer wherever necessary. Different
dilutions were tried and various sets of experiments were performed. The activity

parameters are enumerated in Table 1.
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Table 1: MIC obtained by broth macro-dilution method

Chapter 1

MICg in pug/mL
C. A. F.
Sr | Comp. Structures albicans niger proliferat
No | Code ATCC ATCC | um ATCC
24433 16404 10052
A Fluconazole 1 128 128
B Amphotericin-B 0.25 1 2
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b\(CHZkCHs

13 73m
0.5 >4 >4

F
14 73n NN D\(CHz)‘tCHs 0.25 >8 > 8
\=N f
F
F

jﬁ

15 730 0.5 NItill 16 | NItill 16

16 73 a D\CH CH
p N\;zg (CH,)2CH3 012 o4 4
Cl
17 7 /Z—)\CH CH
73q N\;zg (CH,),CH3 5 16 16
F

NI: No inhibition

For azoles: For fluconazole and the synthetic compounds, MIC is recorded as the concentration
exhibiting 80% inhibition as compared to the positive control.

For amphotericin B: MIC is recorded as the concentration exhibiting complete inhibition.

The antifungal activity exhibited by the compounds with 2-aminothiophene
carbonitrile in the present work was confirmed by secondary screening of 73j-n against
various strains of Candida and it was observed that activity of 731 and 73m is excellent
against the C. albicans ATCC 24433, C. albicans ATCC 90028 and C. albicans ATCC

90030 when compared with amphotericin B and fluconazole as shown in Table 2.
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Table 2: MICs, obtained by broth micro-dilution method

Activity against organisms ( MICsp in pg/mL)
Fungus AMB | FLU | 73j | 73k | 731 | 73m | 73n

C.albhicans ATCC
24433 0.25 0.25 0.25 0.12 0.06 0.25 0.5
C.alhicans ATCC
10231 0.5 1 1 0.5 0.25 0.25 0.5
C.albhicans ATCC
90028 0.5 0.5 0.5 0.12 0.12 0.12 0.25
C. glabrata ATCC
90030 0.25 1 0.5 0.25 0.12 0.25 0.5
C. glabrata NCPF 0.5 1 | 05 |012 |025 |05
8018
C. krusei ATCC 6258 0.5 32 64 16 8 >4 8
C. krusei NCPF 3876 0.5 16 >64 32 8 4 >8
C. tropicalis ATCC 0.5 | 4 4 5 ) 4
750
C. tropicalis ATCC
13803 0.5 0.25 1 0.5 0.25 0.25 1
C. neoformans ATCC
34664 0.5 2 4 2 1 025 |2
C. neoformans MTCC
4424 0.25 2 4 4 1 025 |2

For azoles: For fluconazole and the synthetic compounds, MIC is recorded as the concentration
exhibiting 50% inhibition as compared to the positive control.
For amphotericin B: MIC is recorded as the concentration exhibiting complete inhibition.

The activity data indicated following points regarding the structure-activity
relationship of the compounds studied in the present chapter.
1. The compounds with 2-aminothiophene carbonitrile are more active than with 2-
aminothiophene carboxylate e.g. 73a-c¢ v/s 73j-1.
2. In case of the compounds 73j-n with aliphatic side chain at R?, activity is observed with
compounds having shorter side chains and reaches maximum for R® = (CH,);CHj3 after
which the activity decreases rapidly e.g. 73j <73k <731= 73m > 73n.
3. The compounds with substitutions at both R' and R? show less activity, when compared

with the compounds with no substitutents at R' e.g. 73a-¢ v/s 73f.
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4. The compounds with R', R? forming a carbocyclic ring show less activity when compared
with the compounds with R'= H, R?*= alkyl chain, and activity vanishes in larger rings e.g.
73j-n v/s 730 and 73g > 73h > 73i.

In continuation to the above work, the R and S enantiomers of compound 73 were
prepared to examine the influence of absolute configuration upon antifungal activity. From
the antifungal activity results of racemic compounds 73 it was observed that the compounds
with 2-aminothiophene carbonitriles (73j-0) are more active than compounds with 2-
aminothiophene carboxyalate, so the compounds 73j-o containing 2-aminothiophene
carbonitriles were chosen for preparation of their enantiomers. The preparation of
enantiomers of this class of antifungal agents was achieved from chiral epoxides (R)-32a
and (S)-32a. These two chiral epoxides were synthesized by known method’’ as shown in
Scheme 11.

The chiral epoxides (R)-32a and (S)-32a were synthesized by known method®’
wherein 1,3-difluorobenzene was acylated with chloroacetyl chloride to obtain the
chloroketone 75a and then reacted with sodium acetate in DMF to afford acetoxy ketone 84.
The acetoxy ketone 84 was then subjected to Wittig reaction followed by deprotection of
acetoxy group to give allylic alcohol 86, which on Sharpless epoxidation®” using (+)-diethyl
L-tartarate and (-)-diethyl d-tartarate provided the hydroxyepoxides (R)-87 and (S)-87
respectively. The chiral hydroxyepoxides 87 were then reacted with 1,2,4-triazole in
presence of sodium hydride to get diols (R)-88 and (S)-88 which were protected as
mesylates (R)-89 and (S)-89 and subjected to reaction with sodium hydride in dry DMF, to
afford the chiral epoxides (R)-32a and (S)-32a respectively.
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Scheme 11. Reagents and conditions: i) CICH,COCI, DCM, AICl;, 75% ii) NaOAc, Nal, DMF, 12
h, 77% iii) Phs;PCH;Br, NaHMDS, THF, 3-4 h, 44% iv) KOH, 1,4-dioxane: H,O (1:1), 12 h, 87% v)
(a) (+)-DET, Ti{OCH(CH;),}4, TBHP, DCM, -23 °C, 24 h, 44%; (b) (-)-DET, Ti{OCH(CH;),}4,
TBHP, DCM, -23 °C, 24 h, 45% vi) 1,2,4 -Triazole, NaH, DMF, 0 C-rt, 12 h, 37% vii) CH;SO,Cl
(MsCl), Et;N, DCM, 0 °C, 2 h viii) NaH, DMF, 0 °C-rt, 3-5 h, 30% over two steps.

The N-formylated aminothiophene carbonitriles 77 were then reacted with the chiral
epoxides (R)-32a and (S)-32a in presence of potassium carbonate and TBAB (tetrabutyl
ammonium bromide) in ethyl acetate at refluxing temperature to afford the target

enantiopure molecules (S)-73 and (R)-73 as shown in Scheme 12.
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(731 R = (CH,),CHs )
Scheme 12. Synthesis of enantiomers (S)-73 and (R)-73

After synthesis of enantiomers of 73j, 73m and 73n, specific rotations of

enantiomers were calculated from the observed rotations as shown in Table 3.

Table 3. Specific rotations of enantiomers of 73j, 73m and 73n.

Comp. | Chem. Peak Retention | Enantiomeric Specific Rotation
No. Purity In Chiral Time % Obs. Rotation X 100
HPLC RT) | PR [of
Chromatogra min (% ee)
m

(S)-73j 100% B 45.65 98.99 -10 ° (¢ =1.01, MeOH)
(S)-73m | 100% B 26.24 98.34 -10 ° (¢ = 1.03, MeOH)
(S)-73n | 100% B 26.09 99.89 -12° (¢ =1.02, MeOH)

We also accomplished direct optical resolution of compound 731 by chiral HPLC (High

Performance Liquid Chromatography) providing each enantiomer in high optical purity.

Resolution of racemic compounds 73 by using chiral HPLC

Out of the above compounds synthesized, a few compounds were chosen for

resolution using chiral HPLC wherein compounds 73j, 73k, 731, 73m and 73n were resolved
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using chiral analytical HPLC (High Performance Liquid Chromatography), under the

following conditions:

HPLC Column Kromasil 5-Cellucoat (250 x 4.6 mm)
Mobile Phase IPA: PE: TFA (20:80:0.1)
Wavelength 254 nm

Flow rate 0.5 mL/min (330 psi)

The retention times of the various enantiomers 73j, 73k, 731, 73m and 73n in chiral HPLC
are shown in Table 4.

Table 4. Retention times of the enantiomers of 73j, 73k, 731, 73m and 73n.

Comp. Peak Retention Peak Retention
No. In Chiral Time In Chiral HPLC Time
HPLC (RT) Chromatogram (RT)
Chromatogram min min
73j A 34.35 B 45.97
73k A 24.01 B 26.51
731 A 25.46 B 28.85
73m A 23.70 B 26.57
73n A 23.45 B 26.09

Since 731 was observed to be the most active compound within this group, it was

resolved into R and S enantiomers using chiral preparative HPLC under following

conditions:
HPLC Column Chiralcel-OD (250 x 4.6 mm) (DAICEL)
Mobile Phase IPA: PE: TFA (20:80:0.1)
Wavelength 254 nm

The chiral HPLC chromatograms for racemic 731 and its (S) and (R) enantiomers are shown

in Figure 22.
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Figure 22. Resolution of 731 using chiral HPLC
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After resolution and separation of enantiomers of 731, specific rotations of
enantiomers were calculated from the observed rotations as shown in Table 5.

Table 5. Specific rotations of enantiomers of 73l.

Comp Peaks Retention Time | Enantiomeric Specific Rotation
No. In (RT)

excess (% ee) lalﬂ_ Obs. Rotation X 100

Chromatogram min p~  Conc. X Length
731 A 25.65 83.48 +10 ° (¢ = 1.0, THF)
B 28.97 98.91 -12° (¢ = 1.0, THF)

All the newly synthesized and resolved R and S enantiomers of compound 73 were tested for
antifungal activity against various fungi and results are enumerated in Table 6.

Table 6. MIC obtained by broth micro-dilution method

Activity against organisms (MICs in pg/mL)

Fungus |[AMB|FLU| 731 [(R)-| (S)- | 73m | (S)- | 73n | (S)- | 73j | (S)-

731 | 731 73m 73n 73j
C. albicans [ 0.25 (0.5 |0.06 | 0.5 |0.25 |0.12 | 0.06 | 0.25 | 0.12 | 0.25 | 0.12
ATCC
24433
C. albicans | 0.5 05 [0.12 |1 05 [0.12 [0.06 |1 0.5 0.5 |0.25
ATCC
10231

C. albicans | 0.5 05 (012 |1 0.5 025 [012 |1 0.5 0.5 ]0.25
ATCC 2091

C. albicans | 0.5 05 (012 |05 (05 |0.12 [0.06 |05 |0.25 |05 |0.25
ATCC
90028

C.glabrata | 0.25 |4 0.12 | 0.5 [0.25 | 0.12 | 0.06 | 0.25 | 0.12 | 0.25 | 0.12
ATCC
90030

C. krusei 0.5 64 8 >8 |05 |8 4 8 4 64 32
ATCC 6258

C.tropicalis | 0.5 2 2 > 105 |1 05 |2 1 4 2
ATCC 750

For azoles: For fluconazole and the synthetic compounds, MIC is recorded as the concentration
exhibiting 50% inhibition as compared to the positive control.
For amphotericin B: MIC is recorded as the concentration exhibiting complete inhibition.
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From the antifungal activity results of these enantiopure compounds it was found that the S-
enantiomer of this class of antifungal agents has higher antifungal activity than the R-
enantiomer.
1.5 Conclusion

A novel series of fluconazole analogues having general structure 73 containing
substituted 2-aminothiophenecarboxylates and 2-aminothiophenecarbonitriles were
synthesized by a short route with good to excellent yields. Variation in the side chains can
be done by varying the starting materials, most of which are cheap and readily available.
These reactions can be carried out conveniently on large scales and various new chemical
entities (NCEs) were prepared for SAR studies. A few compounds were prepared in
enantiomerically pure form to examine the influence of absolute configuration on antifungal
activity. This work will be very helpful in development of more potent antifungal agents.
1.6 Experimental Section
Preparation of ethyl 2-amino-5-propylthiophene-3-carboxylate (78c)
Valeraldehyde (10.0 g, 0.116 mol) was taken in two-necked round bottom flask equipped
with reflux condenser and guard tube, absolute ethanol (100 mL) was added followed by
sulphur powder (3.72 g, 0.116 mol), ethyl cyanoacetate (13.1 g, 0.116 mol) and triethyl
amine (8.08 mL, 0.058 mol). The reaction mixture was stirred at 70-80 °C for 12 h, cooled to
room temperature and diluted with excess of water, extracted with ethyl acetate, dried over
Na,;SO4 and concentrated under vacuum. Purification by column chromatography yielded

pure product ethyl 2-amino-5-propylthiophene-3-carboxylate 78¢ as redish brown oil (23.08

g, 93.2 %).
Nature: Reddish brown oil; Yield: 93.2 %; "H NMR (200 MHz, CDCl3): & 0.95 (t, J = 7

5 Hz, 3H), 1.34 (t, J = 7 Hz, 3H), 1.51-1.71 (m, 2H), 2.56 (t, = 7 Hz,
Eto)h 2H), 4.26 (q, J = 7 Hz, 2H), 4.75 (bs, 2H), 6.64 (s, 1H); 3C NMR (50

HoN™ °s” (CHp),CHs

MHz, CDCls): & 13.4, 13.9, 24.2, 41.0, 58.3, 125.6, 127.6, 143.8,
158.4, 162.8.; IR (Chloroform): 1673, 3287, 3343 cm™; MS (ESI) m/z: 214.22 (M + 1).
The amino esters 78a, 78b, 78d-78i were prepared from the corresponding aldehydes or

ketones 79 using the procedure given for the preparation of compound 78c.

Ethyl 2-amino-5-methylthiophene-3-carboxylate (78a)’®
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Nature: Dark brown oil; Yield: 85.2 %; '"H NMR (200 MHz, CDCl3): 6 1.28 (t, J = 8 Hz,
) 3H), 2.36 (s, 3H), 4.31 (q, J = 8 Hz, 2H), 5.43 (bs, 2H), 6.66 (s, 1H). *C
Et&h NMR (50 MHz, CDCly): & 14.4, 15.3, 59.4, 124.9, 128.1, 138.2, 158.4,
1 164.5: IR (Chloroform): 1672, 3294, 3449 cm™; MS (ESI) m/z: 186.16 (M

+1).

Ethyl 2-amino-5-ethyl-thiophene-3-carboxylate (78b)>

o Nature: Reddish brown oil; Yield: 94.6 %; '"H NMR (200 MHz,
E‘th CDClL): 6 1.23 (t, J = 7 Hz, 3H), 1.34 (t, J = 7 Hz, 3H), 2.62 (q, J = 7

H,oN CH,CHs
i Hz, 2H), 4.26 (q, J = 7 Hz, 2H), 4.62 (bs, 2H), 6.64 (s, 1H); C NMR

(50 MHz, CDCl3): 6 14.1, 16.3, 22.8, 60.3, 125.3, 127.6, 136.8, 157.8, 163.7; IR
(Chloroform): 1669, 3350, 3483 cm™; MS (ESI) m/z: 238.99 (M + K).

Ethyl 2-amino-5-heptyl-thiophene-3-carboxylate (78d)
Nature: Red oil; Yield: 93.5 %; '"H NMR (200 MHz, CDCly): & 0.88 (t, J = 6 Hz, 3H),

o 1.29-1.37 (m, 11H), 1.50-1.65 (m, 2H), 2.57 (t, J = 8 Hz, 2H), 4.26 (q,
EtOJh J = 8 Hz, 2H), 5.31 (bs, 1H), 6.63 (s, 1H); *C NMR (50 MHz,
HoN™ °s” ~(CHyeCH3

CDCls): & 14.0, 14.4, 22.5, 28.8, 28.9, 29.6, 31.0, 31.7, 59.5, 106.6,

121.3, 127.3, 160.5, 165.3; IR (Chloroform): 1674, 3358, 3440 cm™; MS (EST) m/z: 308.27
M +K).

Ethyl 2-amino-5-n-decyl-thiophene-3-carboxylate (78e)
Nature: Brown semisolid; Yield: 89.5 %; "H NMR (200 MHz, CDCl3): 6 0.88 (t, J = 6 Hz,

o 3H), 1.22-1.37 (m, 17H), 1.50-1.65 (m, 2H), 2.56 (t, J = 6 Hz, 2H),
E‘th 4.25 (q, J = 8 Hz, 2H), 5.40 (bs, 2H), 6.63 (s, 1H); *C NMR (50
HoN™ °s” ~(CHy)gCH3

MHz, CDCLy): & 13.8, 14.2, 22.4, 28.8, 29.1, 29.2, 29.3, 29.4, 29.5,

30.8,31.7, 59.2, 105.7, 121.1, 126.4, 161.3, 165.2; IR (Chloroform): 1670, 3347, 3481 cm’;
MS (ESI) m/z: 350.32 (M + K).

Ethyl 2-amino-5-hexyl-4-methylthiophene-3-carboxylate (78f)
Nature: Brown semisolid; Yield: 90.3%; '"H NMR (200 MHz, CDCl3): 6 0.88-0.95 (m,
6H), 1.17-1.30 (m, 8H), 2.20 (s, 3H), 2.60 (t, J = 8 Hz, 2H), 4.25 (q, J = 8 Hz, 2H), 5.43 (bs,
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S 2H); ®C NMR (50 MHz, CDCL3): § 13.7, 14.1, 14.5, 21.9, 27.5, 28.3,
CHs

B0 30.8, 31.5, 61.2, 112.7, 120.4, 137.1, 161.1, 165.3; IR (Chloroform):
N s Ol 1669, 3345, 3456 cm™!; MIS (EST) m/z: 270.07 (M + 1).

Ethyl 2-amino-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carboxylate (78g)*
Nature: Dark brown oil; Yield: 84.3 %; '"H NMR (200 MHz, CDCl3): 6 1.32 (t, J = 7 Hz,
0 3H), 2.22-2.38 (m, 2H), 2.65-2.90 (m, 4H), 4.24 (q, J = 7 Hz, 2H), 5.85
Etoji/_\Q (bs, 2H); *C NMR (50 MHz, CDCls): & 14.4, 25.5, 26.7,29.3, 59.1, 104.8,
- 127.7, 139.2, 161.3, 165.6; IR (Chloroform): 1666, 3341, 3476 cm™'; MS
(EST) m/z: 250.09 (M + K).

Ethyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (78h)%*-°!
Nature: Brown semisolid; Yield: 93.8 %; "H NMR (200 MHz, CDCl; + CCL,): & 1.27 (t, J
0 =7 Hz, 3H), 1.62-1.78 (m, 4H), 2.35-2.50 (m, 2H), 2.54-2.70 (m, 2H), 4.19
E‘OJj—Q (q, J = 7 Hz, 2H), 5.87 (bs, 2H); *C NMR (50 MHz, CDCl; + CCly): &
- 14.4, 22.8, 23.2, 24.5, 26.9, 59.3, 105.7, 117.5, 132.4, 161.7, 166.1; IR
(Chloroform): 1659, 3345, 3483 cm™; MS (ESI) m/z: 226.13 (M + 1).

Ethyl 2-amino-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-3-carboxylate (78i)
Nature: Brown semisolid; Yield: 92.6 %; "H NMR (200 MHz, CDCl3 + CCly): 6 1.30 (t, J
= 8 Hz, 3H), 1.58-1.76 (m, 4H), 2.41-2.52 (m, 4H), 2.54-2.61 (m, 2H),
427 (q, J = 8 Hz, 2H), 5.83 (bs, 2H); *C NMR (50 MHz, CDCl; +
CCly): 6 14.7, 23.3, 23.8, 25.2, 26.7, 28.5, 60.3, 106.3, 117.9, 133.1,
160.4, 165.7; IR (Chloroform): 1659, 3345, 3483 cm™'; MS (ESI) m/z: 240.11 (M + 1).

Preparation of ethyl 2-formamido-5-propylthiophene-3-carboxylate (77¢)

A mixture of compound 78¢ (2.13 g, 0.01 mol), ammonium acetate (0.77g, 0.01 mol) and
formic acid (7.56 mL, 0.2 mol) was refluxed at 120-140 °C for 7 h, cooled to room
temperature and diluted with water, extracted with ethyl acetate, dried over Na,SOs,
concentrated and purified by column chromatography to give pure compound ethyl 2-

formamido-5-propylthiophene-3-carboxylate 77¢ as brown semisolid (1.82 g, 75.4 %).
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Nature: Brown semisolid; Yield: 75.4%:; '"H NMR (200 MHz, CDCls): 6 0.96 (t, J =8 Hz,
5 3H), 1.38 (t, J = 8 Hz, 3H), 1.61-1.73 (m, 2H), 2.69 (t, J = 8 Hz, 2H),
Etojh 433 (q, J = 8 Hz, 2H), 6.88 (s, 1H), 8.49 (s, 1H), 10.93 (s, 1H); *C
OHCHN" 57 ™(CH,),CHj
NMR (200 MHz, CDCly): & 13.3, 14.1, 242, 31.3, 60.5, 113.1,
119.9, 135.7, 144.6, 157.1, 165.1; IR (Chloroform): 1670, 1685, 3289 cm™'; MS (ESI) m/z:
242.06 (M + 1), 264.01 (M + Na).

The following compounds 77a, 77b, 77d-77i were prepared using the procedure given for

the preparation of compound 77c.

Ethyl 2-formamido-5-methylthiophene-3-carboxylate (77a)
Nature: Brown semisolid; Yield: 71.7%; "H NMR (200 MHz, CDCls): 8 1.37 (t, J = 8 Hz,
0 3H), 2.39 (s, 3H), 4.33 (q, J = 8 Hz, 2H), 6.87 (s, 1H), 8.48 (s, 1H), 10.91
E‘ojh (bs, 1H); *C NMR (50 MHz, CDCls): § 14.1, 14.6, 60.1, 112.3, 130.3,
- 135.3, 143.7, 157.1, 166.2; IR (Chloroform): 1673, 1690, 3290 cm™'; MS
(ESI) m/z: 214.08 (M + 1).

Ethyl 5-ethyl-2-formamidothiophene-3-carboxylate (77b)
Nature: Brown semisolid; Yield: 73.5%; '"H NMR (200 MHz, CDCl3): & 1.27-1.42 (m,
0 6H), 2.76 (q, J = 8 Hz, 2H), 4.33 (q, J = 8 Hz, 2H), 6.87 (s, 1H), 8.50
Etojh (s, 1H), 11.05 (bs, 1H); *C NMR (50 MHz, CDCl;): & 14.5, 15.3,
OHCHN™ g7 “CH,CHj
23.1, 59.5, 112.7, 130.9, 136.3, 143.8, 156.8, 165.7; IR (Chloroform):
1673, 1684, 3292 cm™; MS (ESI) m/z: 228.17 (M + 1).

Ethyl 2-formamido-5-heptylthiophene-3-carboxylate (77d)
5 Nature: Brown semisolid; Yield: 79.3%; "H NMR (200 MHz,
Etoji/—\)\ CDCl3): 6 0.88 (t, J = 6 Hz, 3H), 1.28-1.42 (m, 10H), 1.66 (t, J =8
oremN s @R Hy, 3H), 271 (4, J = 8 Hz, 2H), 3.34 (g, J = 8 Hz, 2H), 6.88 (s, 1H),
8.49 (s, 1H), 10.92 (bs, 1H); ®C NMR (50 MHz, CDCl;): & 14.0, 14.3, 22.6, 28.9 (2C),
294, 31.2, 31.6, 60.7, 113.2, 119.8, 136.3, 144.6, 157.0, 165.3; IR (Chloroform): 1670,
1685, 3292 cm™; MS (ESI) m/z: 298.06 (M + 1), 320.09 (M + Na).

Ethyl 5-decyl-2-formamidothiophene-3-carboxylate (77¢)
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Nature: Brown semisolid; Yield: 83.1%; '"H NMR (200 MHz, CDCl3): 6 0.88 (t, J = 6 Hz,
o 3H), 1.18-1.32 (m, 14H), 1.38 (t, J = 8 Hz, 3H), 1.58-1.71 (m, 2H),
E“’Jh 2.70 (t, J = 8 Hz, 2H), 4.33 (q, J = 8 Hz, 2H), 6.87 (s, 1H), 8.49 (s,
OHCHN S (CH,)9CH3 13
1H), 10.92 (bs, 1H); *C NMR (50 MHz, CDCl;):  14.0, 14.2, 22.6,
28.9,29.2 (2C), 29.4 (2C), 29.5, 31.2, 31.8, 60.6, 113.2, 119.8, 136.2, 144.6, 157.0, 165.3;
IR (Chloroform): 1670, 1686, 3292 cm™; MS (ESI) m/z: 340.09 (M + 1).

Ethyl 2-formamido-5-hexyl-4-methylthiophene-3-carboxylate (77f)
Nature: Brown semisolid; Yield: 81.4%:; '"H NMR (200 MHz, CDCls): 6 0.83-0.95 (m,
0 6H), 1.18-1.29 (m, 8H), 2.18 (s, 3H), 2.56 (t, J = 8 Hz, 2H), 4.26 (q,

CHs
BT J = 8 Hz, 2H), 8.67 (s, 1H), 10.82 (bs, 1H); *C NMR (125 MHz,
OHCHN™ g7 ™(CH,)sCHj

CDCls): 6 14.0, 14.3, 14.8, 22.5, 27.3, 27.9, 31.3, 31.7, 60.4, 112.9,
119.7, 136.3, 144.6, 157.1, 165.6; IR (Chloroform): 1665, 1685, 3274 cm™'; MS (ESI) m/z:

298.19 (M + 1).

Ethyl 2-formamido-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carboxylate (77g)
Nature: Brown semisolid; Yield: 76.3%; '"H NMR (200 MHz, CDCl3): 6 1.33 (t, J = 8 Hz,
3H), 2.25-2.43 (m, 2H), 2.74-2.89 (m, 4H), 4.26 (q, J = 8 Hz, 2H), 8.48 (s,
1H), 11.16 (bs, 1H); *C NMR (50 MHz, CDCl3): & 14.1, 22.5, 24.1, 26.1,
60.4, 112.3, 127.2, 130.7, 145.1, 152.2, 166.1; IR (Chloroform): 1662,
1683, 3273 cm’™'; MS (ESI) m/z: 240.06 (M + 1).

Ethyl 2-formamido-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (77h)

Nature: Brown semisolid; Yield: 80.6%; '"H NMR (200 MHz, CDCl3): 6 1.35 (t, J = 8 Hz,

0 3H), 1.72-1.78 (m, 4H), 2.59-2.76 (m, 4H), 4.30 (q, J = 8 Hz, 2H), 8.46
T (s, 1H), 11.25 (bs, 1H). ®C NMR (50 MHz, CDCly): § 14.2, 22.7, 22.8,
e s 242, 262, 604, 1123, 1273, 130.8, 1453, 157.1, 1662. IR

(Chloroform): 1669, 1686, 3270 cm™; MS (ESI) m/z: 254.09 (M + 1).

EtO

Ethyl 2-formamido-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-3-carboxylate (77i)
Nature: Brown semisolid; Yield: 77.8%; "H NMR (200 MHz, CDCls): 6 1.39 (t, J = 8 Hz,
3H), 1.55-1.71 (m, 4H), 1.79-1.90 (m, 2H), 2.72 (t, J = 6 Hz, 2H), 3.03 (t, J = 6 Hz, 2H),
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. 4.35 (q, J = 8 Hz, 2H), 8.46 (s, 1H), 11.15 (bs, 1H); *C NMR (50 MHz,
Etoji/—\Q CDCly): 8 14.1, 26.8, 27.6, 28.1, 28.5, 32.1, 60.7, 113.8, 131.5, 136.5,
OHCHN g

143.1, 157.1, 166.3; IR (Chloroform): 1668, 1683, 3271 cm’; MS
(EST) m/z: 268.04 (M + 1).

Preparation of 2-amino-5-propylthiophene-3-carbonitrile (781)
To the mixture of valeraldehyde (10.0 g, 0.116 mol), malononitrile (7.67 g, 0.116 mol) and
sulfur (3.72 g, 0.116 mol) in DMF (100 mL) was added morpholine (5.03 mL, 0.058 mol)
slowly at 0 °C. The resulting mixture was stirred at room temperature for 10 h, diluted with
excess of water, extracted with diethyl ether, dried over Na,SO4, concentrated and purified
by column chromatography to give pure product 2-amino-5-propylthiophene-3-carbonitrile
78l as white solid (10.67 g, 55.3 %).
Nature: White solid; Yield: 55.3%; MP: 107 °C; "H NMR (200 MHz, CDCL): & 0.94 (t, J
NC = 8 Hz, 3H), 1.48-1.68 (m, 2H), 2.54 (t, J = 8 Hz, 2H), 4.77 (bs, 2H),
HZN@\(CHZ)ZCW 6.34 (s, 1H); ®C NMR (50 MHz, CDCl3): & 13.2, 23.9, 31.4, 86.2,
116.0, 120.8, 129.9, 161.3; IR (Chloroform): 1616, 2193, 3335, 3436
cm™; MS (ESI) m/z: 167.08 (M + 1).

The following compounds 78j, 78k, 78m-0 were prepared by using the procedure given for

the preparation of compound 78l.

2-Amino-5-methylthiophene-3-carbonitrile (78j)
Nature: Pale brown solid; MP: 184 °C; Yield: 40.3%; '"H NMR (200
n | MHz CDCly): 8 2.18 (s, 3H), 4.65 (bs, 2H), 6.25 (s, 1H); 3C NMR (50
MHz, CDCl; + DMSO-dg): & 14.6, 85.7, 115.8, 121.6, 123.5, 161.6; IR
(Nujol): 1617, 2198, 3345, 3438 cm™; MS (ESI) m/z: 139.06 (M + 1).

2-Amino-5-ethylthiophene-3-carbonitrile (78k)

Nature: White solid; MP: 167 °C; Yield: 48.5%; "H NMR (200 MHz, CDCl3): & 1.17 (t, J
= 8 Hz, 3H), 2.56 (q, J = 8 Hz, 2H), 4.80 (bs, 2H), 6.30 (s, 1H); *C
NMR (50 MHz, CDCl; + DMSO-d¢): 6 15.4, 21.9, 86.1, 115.8, 121.1,
122.7, 158.8. IR (Chloroform): 1614, 2195, 3334, 3436 cm’l; MS (ESI)
m/z: 153.16 M + 1).

NC

3

H,N~ g7 “CH,CH;
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2-Amino-5-butylthiophene-3-carbonitrile (78m)
Nature: Off-white solid; MP: 143 0C; Yield: 57.2%; "H NMR (200 MHz, CDCls): 6 0.97
NG (t, J =8 Hz, 3H), 1.25-1.31 (m, 2H), 1.42-1.53 (m, 2H), 2.63 (t, J =8
HZNQ(CHZ)g(:Hg Hz, 2H), 4.76 (bs, 2H), 6.33 (s, 1H); *C NMR (50 MHz, CDCls): &
13.3, 21.5, 29.8, 33.9, 87.2, 115.8, 120.6, 130.2, 158.9; IR (Nujol):
1622, 2203, 3309, 3442 cm™'; MS (ESI) m/z: 181.10 (M + 1).

2-Amino-5-pentylthiophene-3-carbonitrile (78n)
Nature: White solid; MP: 134 °C; Yield: 60.6%; '"H NMR (200
NC
n MHz, CDCl;): 6 0.88 (t, J = 8 Hz, 3H), 1.23-1.36 (m, 4H), 1.48-1.63
HoN™ °S™ (CH2)4CH3
(m, 2H), 2.56 (t, J = 8 Hz, 2H), 4.70 (bs, 2H), 6.34 (s, 1H); *C NMR
(50 MHz, CDCLs): & 13.6, 22.0, 29.3, 30.3, 30.7, 85.8, 116.0, 120.5, 129.9, 161.4; IR
(Chloroform): 1616, 2197, 3327, 3445 cm™; MS (ESI) m/z: 195.26 (M + 1).

2-Amino-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carbonitrile (780)
Nature: White solid; M. p. 159 °C; Yield: 76.3%; "H NMR (200 MHz, CDCl;+ DMSO-
NC de): 2.02-2.16 (m, 2H), 2.38-2.50 (m, 4H), 4.75 (bs, 2H); *C NMR (50
HZN/Z/_Q MHz, CDCl3): 6 26.6, 27.7, 28.5, 80.7, 115.6, 122.3, 140.8, 166.9; IR
" (Nujol): 1615, 2196, 3304, 3444 cm™'; MS (ESI) m/z: 165.17 (M + 1).

Preparation of N-(3-cyano-5-propylthiophen-2-yl)formamide (771):
A mixture of compound 78I (4.98 g, 0.03 mol), ammonium acetate (2.31g, 0.03 mol) and
formic acid (22.6 mL, 0.6 mol) was stirred at room temperature for 3 h and diluted with
water. The precipitate obtained was filtered through Whatman filter paper, washed with
excess of water followed by ethyl acetate-pet ether (5:95) to give pure product N-(3-cyano-

5-propylthiophen-2-yl)formamide 771 as white solid (4.55 g, 78.2 %).
Nature: White solid; Yield: 78.2%; MP: 128 °C; "H NMR (200 MHz, CDCl;):  0.97 (t, J
NG = 8 Hz, 3H), 1.59-1.78 (m, 2H), 2.70 (t, J = 8 Hz, 2H), 6.65 (s, 1H),
OHCHN@(CHZ)M 8.48 (s, 1H), 9.42 (s, 1H); *C NMR (50 MHz, CDCl5):  13.6, 24.5,
31.6,90.9, 117.6, 121.1, 136.8, 144.1, 157.5; IR (Chloroform): 1647,

1682, 2215, 3168 cm™'; MS (ESI) m/z: 193.03 (M - 1).
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The following compounds were prepared by using the procedure given for the preparation of
compound 771.
N-(3-Cyano-5-methylthiophen-2-yl)formamide (77j)
" Nature: Pale yellow solid; MP: 209 0C; Yield: 71.3%; '"H NMR (200
OHCHND\CHJ MHz, CDCl; + DMSO-dg): 6 2.12 (s, 3H), 6.36 (s, 1H), 8.13 (s, 1H),
11.24 (bs, 1H); *C NMR (50 MHz, CDCl; + DMSO-de): & 13.7, 91.8,
113.9, 120.3, 131.1, 145.4, 157.8; IR (Chloroform): 1650, 1678, 2214, 3173 cm™'; MS (ESI)
m/z: 165.16 (M - 1).

N-(3-Cyano-5-ethylthiophen-2-yl)formamide (77k)
Nature: Brown solid; MP: 148 OC; Yield: 76.4%; "H NMR (200 MHz, CDCl3): 6 1.29 (t, J
= 8 Hz, 3H), 2.76 (q, J = 8 Hz, 2H), 6.65 (s, 1H), 8.48 (s, 1H), 9.80 (bs, 1H); *C NMR (50

MHz, CDCl; + DMSO-de): & 14.4, 22.9, 92.3, 116.2, 124.4, 137.5,

NC
n 143.0, 157.1; IR (Chloroform): 1645, 1683, 2217, 3170 cm™; MS
OHCHN™ g7 “CH,CHjg
(EST) m/z: 179.03 (M - 1).

N-(5-Butyl-3-cyanothiophen-2-yl)formamide (77m)
Nature: Pale brown solid; MP: 121 0C; Yield: 73.3%:; "H NMR (200 MHz, CDCls): 6 0.93
e (t, J =8 Hz, 3H), 1.29-1.48 (m, 2H), 1.57-1.72 (m, 2H), 2.73 (t, J =8
D\ Hz, 2H), 6.65 (s, 1H), 8.47 (s, 1H), 9.46 (bs, 1H); 3C NMR (50 MHz,
OHCHN S (CH2)3CH3
CDCl): ¢ 13.6, 21.9, 29.0, 33.0, 92.4, 114.7, 119.7, 138.7, 146.3,
157.7; IR (Chloroform): 1647, 1677, 2211, 3171 cm'; MS (ESI) m/z: 207.05 (M - 1).

N-(3-Cyano-5-pentylthiophen-2-yl)formamide (77n)
Nature: Off-white solid; MP: 107 °C; Yield: 78.5%; '"H NMR (200 MHz, CDCls): & 0.90
- (t, J = 8 Hz, 3H), 1.24-1.45 (m, 4H), 1.58-1.75 (m, 2H), 2.72 (t, J = 8
OHCHN@(CHZ)ACHS Hz, 2H), 6.65 (s, 1H), 8.47 (s, 1H), 9.34 (bs, 1H); “C NMR (50
MHz, CDCl3+ DMSO-dq): & 13.1, 24.4, 28.6, 30.0, 30.2, 95.1, 114.3,
118.3, 134.8, 141.9, 156.7; IR (Chloroform): 1651, 1678, 2214, 3173 cm™; MS (ESI) m/z:
221.04 (M - 1).

N-(3-Cyano-5,6-dihydro-4H-cyclopenta[b]thiophen-2-yl)formamide (770)

47



Chapter 1

Nature: Brown solid; MP: 217 °C; Yield: 76.3%; '"H NMR (200 MHz, CDCl;+ DMSO-
N de): 1.72-1.86 (m, 2H), 2.16-2.38 (m, 4H), 8.23 (s, 1H). *C NMR (50
OHCHNJZ\Q MHz, CDCls+ DMSO-de): & 26.3 (2C), 27.6, 87.7, 112.8, 132.6, 139.4,
148.7, 157.0. IR (Chloroform): 1650, 1678, 2213, 3170 cm™; MS (ESI)

m/z: 191.03 (M - 1).

Preparation of 2-chloro-1-(2,4-difluorophenyl)ethanone (75a)20

To a solution of 1,3-difluorobenzene 74 (5.7 g, 50 mmol) in dichloromethane (30 mL),
anhydrous aluminum chloride (7.98 g, 60 mmol) was added at 25-30 °C and stirred for 30
min. The reaction mixture was then cooled to 0 °C and chloroacetyl chloride (6.21 g, 54
mmol) in DCM (15 mL) was added over a period of 30 min at 0-10 °C. The reaction mixture
was stirred at 25-30 °C for 7 h and diluted with DCM (30 mL) and poured into chilled water
(150 mL). The product was extracted with DCM (2 X 50 mL) and the combined organic
layer was washed with water (2 X 20 mL) followed by brine (20 mL) and dried over
anhydrous Na2SO4. The solvent was concentrated under reduced pressure to yield the
product 2-chloro-1-(2,4-difluorophenyl)ethanone 75a as yellow solid (7.60 g, 80 %).
Caution: Product 75a is highly lachrymatory and skin irritating hence reaction must be

carried out under vacuum hood and use of hand gloves is essential during reaction work-up.

Nature: Yellow solid; MP: 47.5 °C; Yield: 80 %; '"H NMR (200 MHz, CDCl3): 6 4.70 (d, J
= 2 Hz, 2H), 6.86-7.06 (m, 2H), 7.96-8.08 (m, 1H); *C NMR (50 MHz,
CDCl3): § 49.7 (d), 104.5 (t), 112.5 (d), 119.2 (d), 133.0 (d), 161.6 (dd), 166.7
(dd), 187.4.

Compounds 75b, 75¢ and 75d were prepared from fluorobenzene, bromobenzene and
dichlorobenzene using the procedure given for the compound 75a. All these compounds
were lachrymatory and skin irritating, hence they were used for further reactions without

purification.

Preparation of 1-(2,4-difluorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone (76a)20’ e

2-Chloro-1-(2,4-difluorophenyl)ethanone 75a (9.05 g, 47.5 mmol), 1H-1,2,4-triazole (3.93

g, 57.01 mmol) and potassium carbonate (7.88 g, 57.00 mmol) were taken in round bottom
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flask equipped with a condenser and guard tube, containing ethyl acetate (50 mL) and the
reaction mixture was refluxed for 10 h. It was then cooled to room temperature, diluted with
water (100 mL) and extracted with ethyl acetate (2 X 50 mL). The combined organic layer
was washed with water (2 X 20 mL), brine (20 mL) and dried over anhydrous Na,SO4. The
solvent was concentrated under reduced pressure on rotary evaporator. Purification by
column chromatography yielded pure product 76a as white solid (7.30 g, 69.3 %).

Nature: White solid; MP: 105 °C; Yield: 69.3 %; '"H NMR (200 MHz,
CDCls): 6 5.59 (d, J =2 Hz, 2H), 6.93-7.10 (m, 2H), 7.99-8.11 (m, 1H), 8.21
(bs, 2H); *C NMR (50 MHz, CDCl;): & 58.3 (d), 104.8 (t), 112.9 (d), 118.9
(d), 132.9 (d), 144.7, 151.7, 162.1 (dd), 168.7 (dd), 187.4; IR (Chloroform):

1688 cm™.

Compounds 76b, 76¢ and 76d were prepared by reacting 75b, 75¢ and 75d with 1H-1,2,4-
triazole using the procedure given for the preparation of compound 76a.
1-(4-Fluorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone (76b)>**

Nature: White solid; MP: 76 °C; Yield: 68 % (over two steps); '"H NMR
(200 MHz, CDCls): & 6.10 (s, 2H), 7.48-7.52 (m, 2H), 8.05 (s, 1H), 8.12-8.22
(m, 2H), 8.41 (s, 1H).

1-(4-Bromophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone (76¢)>*°

Nature: Off-white solid; MP: 172-174 °C; Yield: 63 % (over two steps); "H
NMR (200 MHz, CDCl3): & 5.98 (s, 2H), 7.79 (d, J = 8 Hz, 2H), 7.98 (d, J =
8 Hz, 2H), 8.10 (s, 1H), 8.48 (s, 1H).

1-(2,4-Dichlorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone (76d)>*¢

Nature: White solid; MP: 116-117 °C; Yield: 71 % (over two steps); 'H
NMR (200 MHz, CDCls): 6 5.85 (s, 2H), 7.59-7.65 (m, 1H), 7.82 (d,J =2
Hz, 1H), 8.02 (d, J= 6 Hz, 1H), 7.89 (s, 1H), 8.67 (s, 1H).

53¢

Preparation of 1-[2-(2,4-difluorophenyl)-oxiranylmethyl]-1H-[1,2,4]triazole (32a)
A mixture of 1-(2,4-difluorophenyl)-2-(1H-1,2,4-triazolyl)-ethanone 76a (15.00 g, 0.067
mol), trimethylsulfoxonium iodide (22.20 g, 0.1 mol) and cetrimide (0.245 g, 0.00067 mol)
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in dichloromethane (150 mL) was stirred at room temperature for 10 min. Then a solution of
KOH (9.42 g, 0.168 mol) in water (20 mL) was added to it. This mixture was refluxed at 40-
45 °C for 12 h, cooled to room temperature and diluted with water (60 mL). The two layers
were separated, the aqueous layer was extracted with dichloromethane (3 X 150 mL) and the
combined organic extracts were dried over Na,SO4. After the solvent was concentrated in
vacuo, the residue was subjected to chromatography on silica gel to afford pure 1-[2-(2,4-
difluorophenyl)-oxiranylmethyl]-1H-[1,2,4]triazole 32a as colourless thick liquid (13.55 g,
85 %).

Nature: Colourless thick liquid, Yield: 85 %; "H NMR (200 MHz, CDCl3): 6 2.85 (d, J =6
Hz, 1H), 2.95 (d, J = 6 Hz, 1H), 4.50 (d, J = 16 Hz, 1H), 4.80 (d, J = 16 Hz,
1H), 6.76-6.89 (m, 2H), 7.12-7.26 (m, 1H), 7.83 (s, 1H), 8.07 (s, 1H); *C
NMR (50 MHz, CDCls): 6 52.1, 53.5, 56.2, 104.0 (t), 111.7 (d), 119.5 (d),
129.54 (t), 144.0, 151.8, 159.3 (dd), 164.3 (dd).

Compounds 32b, 32¢ and 32d were prepared from 76b, 76¢ and 76d using the procedure

given for the preparation of epoxide 32a.

1-[(2-(4-Fluorophenyl)-oxiranylmethyl]-1H-[1,2,4]-triazole (32b)5 3¢

Nature: Red thick liquid, Yield: 81 %; '"H NMR (200 MHz, CDCls): 6 2.87
(d, J=6Hz, 1H), 3.10 (d, J = 6 Hz, 1H), 4.66 (d, J= 16 Hz, 1H), 4.97 (d, J =
16 Hz, 1H), 7.15-7.24 (m, 2H), 7.39-7.48 (m, 2H), 7.98 (s, 1H), 8.39 (s, 1H).

1-[(2-(4-Bromophenyl)oxiranylmethyl]-1H-[1,2,4]-triazole (320)5 3¢

Nature: Red thick liquid, Yield: 84 %; "H NMR (200 MHz, CDCl; + CCly): o
2.81(d,J=6Hz 1H), 2.87 (d, J=6 Hz, 1H), 4.59 (d, J =14 Hz, 1H), 4.80 (d,
J =14 Hz, 1H), 7.20 (d, J = 8 Hz, 2H), 7.47 (d, J = 8 Hz, 2H), 7.89 (s, 1H),
8.08 (s, 1H).

1-[2-(2,4-Dichlorophenyl)-oxiranylmethyl]-1H-[1,2,4]triazole (32d)5 3¢

Nature: Red thick liquid, Yield: 91 %; "H NMR (200 MHz, CDCl; + CCly):
6292 (d,J =4 Hz, 1H), 3.01 (d, J = 4 Hz, 1H), 4.53 (d, J = 14 Hz, 1H),
4.90 (d, J= 14 Hz, 1H), 7.16-7.46 (m, 3H), 7.92 (s, 1H), 8.13 (s, 1H).
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Preparation of ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propyl)amino)-5-propylthiophene-3-carboxylate (73c)

To the flame-dried K,CO3 (0.97 g, 0.007 mol), tetra-butylammonium bromide (150 mg) was
added followed by the addition of compound 77¢ (1.0 g, 0.004 mol) in dry ethyl acetate (10
mL). Reaction mixture was stirred at reflux for 30 min. Then epoxide 32a (1.18 g, 0.005
mol) dissolved in dry ethyl acetate (20 mL) was added to the refluxing mixture drop wise
over a period of 10 min and stirring was continued for further 12 h at the same temperature.
It was then cooled to room temperature, diluted with water, extracted with ethyl acetate,
dried over Na;SO4, concentrated and purified by column chromatography to give pure
product ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-
5-propylthiophene-3-carboxylate 73¢ as brown semisolid (1.54 g, 82.7 %).

Nature: Brown semisolid; Yield: 82.7%; "H NMR (200 MHz, CDCl3): 6 0.92 (t, J =8 Hz,

F60C 3H), 1.29 (¢, J = 8 Hz, 3H), 1.48- 1.67 (m, 2H), 2.53 (t, J = 8

E/’:/N T \ (D~ cnpens | Hz, 2H), 3.64 (s, 2H), 420 (q, J = 8 Hz, 2H), 4.67 (d, J = 14
F

Hz, 1H), 4.86 (d, J = 14 Hz, 1H), 6.63 (s, 1H), 6.71-6.81 (m,

F 2H), 7.45-7.56 (m, 2H), 7.79 (s, 1H), 8.00 (s, 1H); *C NMR

(50 MHz, CDCl; + CCly): 6 13.4, 14.4, 24.1, 31.6, 54.6, 59.5, 75.7, 77.2, 103.6, 104.3 (1),
111.7 (d), 122.0, 123.0 (d), 125.8, 130.1 (d), 144.1, 151.5, 158.2 (dd), 163.0 (dd), 163.9,
165.4; IR (Chloroform): 1618, 1661, 3324, 3395 cm™'; MS (ESI) m/z: 451.2612 (M + 1),
473.2156 (M + Na).

The fluconazole analogues 73a, 73b, 73d-73q were prepared by using the procedure given

for the preparation of compound 73c.

Ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
methylthiophene-3-carboxylate (73a)

Nature: Brown sticky solid; Yield: 83.5%; "H NMR (200 MHz, CDCl;): & 1.25 (t, J = 8

Et0OC Hz, 3H), 2.20 (s, 3H), 3.61 (s, 2H), 4.16 (q, J = 8 Hz, 2H), 4.63 (d,

v ! (Dci| I=14Hz 1H),4.79 (d, = 14 Hz, 1H), 5.11 (s, 1H), 6.58 (s, 1H)

] 6.68-6.80 (m, 2H), 7.42-7.54 (m, 1H), 7.72 (s, 1H), 8.00 (s, 1H);

E BC NMR (50 MHz, CDCls): & 13.8, 14.4, 59.0, 58.4, 60.1, 75.1,

N,
N
N=/
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103.8, 104.2 (t), 111.2 (d), 119.5, 122.7 (d), 129.8, 132.4 (d), 144.1, 150.8, 156.4 (dd),
163.7 (dd), 165.2, 168.8; IR (Chloroform): 1617, 1659, 3326, 3384 cm™'; MS (ESI) m/z:
4232314 (M + 1).

Ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
ethylthiophene-3-carboxylate (73b)
Nature: Brown sticky solid; Yield: 85.1%; "H NMR (200 MHz, CDCls): & 1.16-1.32 (m,

Er00C 6H), 2.58 (q, J = 8 Hz, 2H), 3.61 (s, 3H), 4.18 (g, J = 8 Hz,

- P P crom| 2H), 4.65 (d, 3= 14 Hz, 1H), 483 (d, I = 14 Hz, 1H), 6.60 (s,
;

1H), 6.71-6.80 (m, 2H), 7.44-7.57 (m, 1H), 7.76 (s, 1H), 8.01

£ (s, 1H); *C NMR (50 MHz, CDCls):  14.4, 14.5, 20.0, 54.6,

54.7,59.4,75.8, 104.1 (1), 104.3, 111.8 (d), 121.2, 123.3 (d), 127.3, 130.2 (d), 144.1, 151.4,
158.3 (dd), 163.5 (dd), 163.8, 168.3; IR (Chloroform): 1618, 1660, 3132, 3403 cm™; MS
(EST) m/z: 459.6368 (M + 1).

Ethyl  2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
heptylthiophene-3-carboxylate (73d)
Nature: Brown semisolid; Yield: 82.7%; "H NMR (200 MHz, CDCl;s + CCly): 6 0.88 (t, J
Et00C =6 Hz, 3H), 1.24-1.34 (m, 12H), 1.52-1.59 (m, 2H), 2.55 (t,
N H@wa% J =6 Hz, 2H), 3.63 (s, 2H), 4.20 (g, J = 8 Hz, 2H), 4.67 (d, J
=14 Hz, 1H), 4.85 (d, J = 14 Hz, 1H), 4.96 (bs, 1H), 6.61 (s,
F 1H), 6.72-6.82 (m, 2H), 7.46-7.59 (m, 1H), 7.79 (s, 1H),
8.05 (s, 1H); *C NMR (50 MHz, CDCly): & 14.1, 14.5, 22.6, 29.0 (2C), 29.7, 31.1, 31.7,
54.6, 54.7, 59.4, 75.7, 77.2, 103.6, 104.3 (t), 111.8 (d), 122.0, 123.1 (d), 125.9, 130.2 (d),
144.1, 151.3, 158.1 (dd), 163.0 (dd), 163.9, 165.4; IR (Chloroform): 1618, 1662, 3131, 3324
cm™'; MS (ESI) m/z: 507.3260 (M + 1), 529.2630 (M + Na), 545.2398 (M + K).

Ethyl 5-decyl-2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propyl)amino)thiophene-3-carboxylate (73e)

Nature: Brown sticky solid; Yield: 79.8%; "H NMR (200 MHz, CDCl3): ¢ 0.82-0.91 (m,
6H), 1.20-1.34 (m, 14H), 1.50-1.57 (m, 2H), 2.56 (t,J = 8 Hz, 2H), 3.65 (s, 2H), 4.21 (q, J
= 8 Hz, 2H), 4.70 (d, J = 14 Hz, 1H), 4.90 (d, J = 14 Hz, 1H), 6.63 (s, 1H), 6.76-6.84 (m,
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2H), 7.46-7.58 (m, 1H), 7.84 (s, 1H), 8.10 (s, 1H); ®C NMR (50 MHz, CDCls): & 14.0,
- 14.4,22.6,28.9,29.2, 29.4, 29.5, 29.6, 29.7, 31.0, 31.8, 54.5,
AP HI;\/L(CHZ)QCHS 54.6, 59.5,75.9, 104.1 (1), 104.3, 111.8 (d), 121.8, 123.0 (d),
" i 126.1, 130.2 (d), 144.1, 151.6, 158.3 (dd), 163.2 (dd), 163.9,
I 165.4; IR (Chloroform): 1618, 1661, 3231, 3348 cm’'; MS
(EST) m/z: 549.2214 (M + 1).

Ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
hexyl-4-methylthiophene-3-carboxylate (73f)

Nature: Brown sticky solid; Yield: 83.6%; '"H NMR (400 MHz, CDCl3): 6 0.83-0.93 (m,

cooe. o, 6H), 1.20-1.34 (m, 8H), 2.16 (s, 3H), 2.54 (t, J = 8 Hz, 2H),

E/LN OH H@(CHZ)SCH3 3.64 (d, J =12 Hz, 1H), 3.67 (d, J = 12 Hz, 1H), 4.23 (q,J =

F 8 Hz, 2H), 4.70 (d, J = 16 Hz, 1H), 4.88 (d, J = 16 Hz, 1H),

5.83 (bs, 1H), 6.74-6.81 (m, 2H), 7.49-7.55 (m, 1H), 7.83 (s,

1H), 8.11 (s, 1H); *C NMR (125 MHz, CDCls): & 14.0, 14.4,

14.7, 22.5, 27.0, 28.0, 31.2, 31.5, 54.2, 54.7, 59.3, 75.7, 104.1 (t), 105.0, 111.7 (d), 119.6,

123.2 (d), 130.1 (d), 130.6, 144.1, 151.3, 158.6 (dd), 162.2 (dd), 163.8, 166.3; IR

(Chloroform): 1619, 1659, 3130, 3331 cm; MS (EST) m/z: 507.3215 (M + 1).

Ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5,6-
dihydro-4H-cyclopenta[b]thiophene-3-carboxylate (73g)
Nature: Brown sticky solid; Yield: 76.2%; "H NMR (200 MHz, CDCl): & 1.22 (t, J = 8

- Hz, 3H), 2.13-2.27 (m, 2H), 2.59-2.75 (m, 4H), 3.60 (s, 2H), 4.10
E/LN & mjsﬁ (q, J = 8 Hz, 2H), 4.61 (d, J = 14 Hz, 1H), 4.76 (d, J = 14 Hz, 1H),
F 5.37 (bs, 1H), 6.67-6.77 (m, 2H), 7.47-7.54 (m, 1H), 7.67 (s, 1H),

I 7.98 (s, 1H); *C NMR (50 MHz, CDCls): & 14.0, 26.8, 28.5, 30.4,

53.8, 54.6, 59.0, 75.3, 100.4, 103.9 (t), 111.4 (d), 120.0, 123.2 (d),
130.0 (d), 143.0, 144.0, 150.9, 158.0 (dd), 163.1 (dd), 165.6, 168.9; IR (Chloroform): 1617,
1660, 3227, 3412 cm™'; MS (ESI) m/z: 449.9304 (M + 1), 471.9344 (M + Na), 487.9152 (M
+ K).
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Ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-
4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (73h)
Nature: Brown sticky solid; Yield: 78.4%; "H NMR (200 MHz, CDCls): & 1.30 (t, J = 8

oo Hz, 3H), 1.70-1.78 (m, 4H), 2.48-2.56 (m, 4H), 3.65 (s, 2H), 4.20
E/N:}N v HI;}O (q, J = 8 Hz, 2H), 4.68 (d, J = 14 Hz, 1H), 4.89 (d, J = 14 Hz,
F 1H), 4.96 (bs, 1H), 6.73-6.83 (m, 2H), 7.45-7.57 (m, 1H), 7.84 (s,

[ 1H), 8.15 (s, 1H); *C NMR (50 MHz, CDCls): § 14.3, 22.7, 23.1,

24.5 (2C), 26.7, 54.3, 59.3, 75.8, 103.9, 104.9 (t), 111.5 (d), 116.8, 123.2 (d), 130.2 (d),
133.2, 144.1, 151.4, 156.2 (dd), 161.1 (dd), 164.4, 166.3; IR (Chloroform): 1618, 1663,
3135, 3324, cm’™'; MS (ESI) m/z: 485.3185 (M + Na).

Ethyl 2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-
5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-3-carboxylate (73i)

Nature: Brown sticky solid; Yield: 77.7%; "H NMR (200 MHz,
\ OHEm}_\Q CDCly): & 1.30 (t, J = 8 Hz, 3H), 1.50-1.85 (m, 6H), 2.60 (t, J =
N:/N NS 6 Hz, 2H), 2.95 (t, J = 6 Hz, 2H), 3.61 (s, 2H), 4.22 (q, J = 8 Hz,
2H), 4.67 (d, J = 14 Hz, 1H), 4.87 (d, J = 14 Hz, 1H), 6.71-6.82
(m, 2H), 7.44-7.58 (m, 1H), 7.80 (s, 1H), 8.04 (s, 1H); *C NMR
(50 MHz, CDCls): 6 14.2, 23.1, 23.9, 24.5, 24.7 (2C), 25.8, 54.2, 58.9, 76.7, 104.1, 104.3
(t), 111.3 (d), 116.8, 122.8 (d), 131.8 (d), 134.8, 144.4, 151.7, 158.2 (dd), 162.3 (dd), 165.1,
165.7; IR (Chloroform): 1620, 1663, 3138, 3390 cm™; MS (ESI) m/z: 477.4964 (M + 1).

2-((2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
methylthiophene-3-carbonitrile (73j)
Nature: Pale brown solid; MP: 153 °C; Yield: 68.2%; "H NMR (200 MHz, CDCl5): & 2.28
NC (s, 3H), 3.64 (d, J = 8 Hz, 1H), 3.68 (d, J =8 Hz, 1H), 4.65 (d, J
(/N=‘/N v H@\cm = 14 Hz, 1H), 4.87 (d, J = 14 Hz, 1H), 5.30 (bs, 1H), 6.36 (s,
) " 1H), 6.37-6.87 (m, 2H), 7.45-7.57 (m, 1H), 7.86 (s, 1H), 7.92 (s,
£ 1H); C NMR (50 MHz, CDCl5): & 14.8, 54.7 (2C), 75.6, 84.4,
104.2 (t), 111.9 (d), 116.1, 122.5, 122.7 (d), 123.2, 130.1 (d), 144.3, 151.1, 158.3 (dd), 163.3
(dd), 163.9; IR (Nujol): 1615, 2198, 3170, 3434 cm™'; MS (ESI) m/z: 376.28 (M + 1),
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398.25 (M + Na). Anal. Caled. for C,7H;5F,NsOS: C, 54.39; H, 4.03; N, 18.66 %. Found:
C, 54.22; H, 4.18; N, 18.49 %.

2-((2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
ethylthiophene-3-carbonitrile (73k)
Nature: White solid; MP: 137 °C; Yield: 70.5%; '"H NMR (200 MHz, CDCls): 6 1.20 (t, J
NC = 8 Hz, 3H), 2.60 (q, J = 8 Hz, 2H), 3.60 (d, J = 10 Hz, 1H),
N H@%wg 3.70 (d, J = 10 Hz, 1H), 4.67 (d, J = 14 Hz, 1H), 4.85 (d, ] = 14
) " Hz, 1H), 5.35-5.41 (m, 2H), 6.35 (s, 1H), 6.72-6.85 (m, 2H),
£ 7.44-7.57 (m, 1H), 7.82 (s, 1H), 7.95 (s, 1H); *C NMR (50
MHz, CDCls): 8 15.1, 22.9, 54.6 (2C), 75.6, 84.1, 104.2 (t), 111.8 (d), 116.1, 120.7, 122.7
(d), 130.1 (d), 130.7, 144.2, 151.8, 158.2 (dd), 163.2 (dd), 163.7; IR (Nujol): 1615, 2200,
3179, 3445 cm; MS (ESI) m/z: 390.34 (M + 1), 412.04 (M + Na). Anal. Calcd. for
CisH7F2NsOS: C, 55.52; H, 4.40; N, 17.98 %. Found: C, 55.73; H, 4.27; N, 17.83 %.

2-((2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
propylthiophene-3-carbonitrile (731)
Nature: White solid; MP: 117 °C; Yield: 73.3%; '"H NMR (200 MHz, CDCls): 6 0.92 (t, J
NC = 8 Hz, 3H), 1.47-1.66 (m, 2H), 2.53 (t, J = 8 Hz, 2H), 3.62
¢ H@@HMW (d, J = 8 Hz, 1H), 3.69 (d, J = 8 Hz, 1H), 4.67 (d, J = 14 Hz,
) " 1H), 4.84 (d, J = 14 Hz, 1H), 5.39-5.44 (m, 2H), 6.34 (s, 1H),
E 6.71-6.85 (m, 2H), 7.44-7.57 (m, 1H), 7.81 (s, 1H), 7.96 (s,
1H); ®C NMR (50 MHz, CDCl;): § 13.2, 24.0, 31.5, 54.6 (2C), 75.5, 83.9, 104.1 (), 111.8
(d), 116.1, 121.4, 122.8 (d), 128.8, 130.0 (d), 144.2, 151.6, 158.2 (dd), 163.6 (dd), 163.9; IR
(Nujol): 1614, 2200, 3178, 3445 cm™'; MS (ESI) m/z: 404.14 (M + 1). Anal. Calcd. for
Ci9H19F2N5OS: C, 56.56; H, 4.75; N, 17.36 %. Found: C, 56.69; H, 4.66; N, 17.23 %.

5-Butyl-2-((2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propyl)amino)thiophene-3-carbonitrile (73m)

Nature: Off-white solid; MP: 107 °C; Yield: 75.1%; '"H NMR (200 MHz, CDCl;): & 0.89
(t, J=8 Hz, 3H), 1.22-1.40 (m, 2H), 1.44-1.59 (m, 2H), 2.55 (t, J =8 Hz, 2H), 3.61 (d,J =8
Hz, 1H), 3.68 (d, J = 8 Hz, 1H), 4.66 (d, J = 16 Hz, 1H), 4.82 (d, J =16 Hz, 1H), 5.43-5.49
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(m, 2H), 6.32 (s, 1H), 6.71-6.84 (m, 2H), 7.44-7.56 (m, 1H), 7.79 (s, 1H), 7.97 (s, 1H); *C

NG NMR (50 MHz, CDCls): & 13.5, 21.7, 29.1, 32.9, 54.6 (2C),

E/:N v HJ}\(CHZ)3CH3 75.5, 83.9, 104.1 (), 111.8 (d), 116.1, 121.3, 122.7 (d),

129.1, 130.0 (d), 144.2, 151.6, 158.2 (dd), 163.7 (dd), 163.9;

: IR (Nujol): 1615, 2199, 3181, 3444 cm™; MS (ESI) m/z:

418.06 (M + 1). Anal. Calcd. for C,0H,F,NsOS: C, 57.54; H, 5.07; N, 16.78 %. Found: C,
57.71; H, 5.23; N, 16.61 %.

F

2-((2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
pentylthiophene-3-carbonitrile (73n)
Nature: Brown solid; MP: 110 OC; Yield: 78.4%; "H NMR (500 MHz, CDCls): 6 0.90 (t, J

NC = 10 Hz, 3H), 1.26-1.35 (m, 4H), 1.52-1.58 (m, 2H), 2.57 (t,

E/N;/N v H/Z:\)\mucm J =10 Hz, 2H), 3.62 (d, J = 10 Hz, 1H), 3.68 (d, J = 10 Hz,
i 1H), 4.67 (d, J = 12 Hz, 1H), 4.86 (d, J = 12 Hz, 1H), 5.27-

! 5.31 (m, 2H), 6.36 (s, 1H), 6.75-6.83 (m, 2H), 7.49-7.54 (m,

1H), 7.85 (s, 1H), 7.93 (s, 1H); *C NMR (125 MHz, CDCLs): § 13.9, 22.2, 29.5, 30.6, 30.9,
54.6 (2C), 75.8, 84.6, 104.2 (1), 112.0 (d), 116.0, 121.5, 122.7 (d), 129.5, 130.2 (d), 144.1,
152.1, 158.4 (dd), 163.5 (dd), 163.9; IR (Nujol): 1615, 2196, 3188, 3448 cm™'; MS (ESI)
m/z: 432.34 (M + 1), 454.25 (M + Na). Anal. Calcd. for C,;H,3F,NsOS: C, 58.45; H, 5.37;
N, 16.23 %. Found: C, 58.33; H, 5.51; N, 16.40 %.

2-((2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5,6-
dihydro-4H-cyclopenta[b]thiophene-3-carbonitrile (730)
Nature: Brown solid; MP: 125 0C; Yield: 72.7%; "H NMR (200 MHz, CDCl3): 6 2.24-2.38
NC (m, 2H), 2.60-2.75 (m, 4H), 3.62 (d, J = 14 Hz, 1H), 3.71 (d, J =
E/:N s HI_\Q 14 Hz, 1H), 4.70 (d, J = 14 Hz, 1H), 4.84 (d, J = 14 Hz, 1H), 5.23
(bs, 1H), 6.71-6.83 (m, 2H), 7.43-7.55 (m, 1H), 7.82 (s, 1H), 8.11
F (s, 1H). ®C NMR (125 MHz, CDCl3): & 27.2, 28.3, 29.2, 54.2,
54.8,75.6, 81.5, 104.2 (t), 111.9 (d), 116.1, 122.8 (d), 123.6, 130.0 (d), 142.4, 144.2, 151.1,
158.6 (dd), 164.0 (dd), 165.3; IR (Nujol): 1614, 2204, 3187, 3462 cm™'; MS (ESI) m/z:
402.23 (M + 1). Anal. Caled. for C,9H;7,F,NsOS: C, 56.85; H, 4.27; N, 17.45 %. Found:
C,56.71; H,4.47; N, 17.61 %.
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2-((2-(2,4-Dichlorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
propylthiophene-3-carbonitrile (73p)
Nature: White solid; MP: 143 OC; Yield: 77.1%; "H NMR (200 MHz, CDCl3): 6 0.93 (t, J
NC =7 Hz, 3H), 1.48-1.65 (m, 2H), 2.54 (t, J = 7 Hz, 2H), 3.83
E/:/N v NI}\(CHZ)ZCHa (d, J =14 Hz, 1H), 4.02 (d, J = 14 Hz, 1H), 492 (d, J = 14
“ Hz, 1H), 5.44 (d, J = 14 Hz, 1H), 6.34 (s, 1H), 7.16 (dd, J =
el 8,2 Hz, 1H), 7.35 (d, J = 2 Hz, 1H), 7.61 (d, J = 8 Hz, 1H),
8.04 (s, 1H), 8.91 (s, 1H); *C NMR (50 MHz, CDCls): & 13.4, 24.2, 31.6, 53.3, 54.4, 77.2,
104.2, 116.3, 121.6, 124.8, 127.8, 129.0, 130.6, 130.8, 135.0, 135.2, 146.9, 151.4, 163.9; IR
(Chloroform): 1617, 2203, 3131, 3434 cm™'; MS (ESI) m/z: 458.01 (M + Na). Anal. Calcd.
for: C;oH;9CI,NsOS: C, 52.30; H, 4.39; N, 16.05 %. Found: C, 52.46; H, 4.21; N, 15.91 %.

2-((2-(4-Fluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)amino)-5-
propylthiophene-3-carbonitrile (73q)
Nature: Brown sticky solid; Yield: 76.3%; '"H NMR (200 MHz, CDCls): § 0.91 (t, J =7
NC Hz, 3H), 1.46-1.61 (m, 2H), 2.51 (t, J = 8 Hz, 2H), 3.54 (d, J
- P HD\@HMW — 14 Hz, 1H), 3.61 (d, J = 14 Hz, 1H), 457 (d, J = 14 Hz,
1H), 4.71 (d, J = 14 Hz, 1H), 5.12 (bs, 2H), 6.32 (s, 1H),
F 6.92-7.06 (m, 2H), 7.33-7.44 (m, 2H), 7.89 (s, 1H), 8.28 (s,
1H); *C NMR (50 MHz, CDCl3): & 13.3, 24.0, 31.5, 55.9, 56.7, 75.7, 84.0, 115.6 (d, 2C),
116.4, 121.5, 127.0 (d, 2C), 129.0, 136.5, 144.5, 150.9, 162.3 (d), 163.8; IR (Chloroform):
1616, 2199, 3180, 3447 cm'; MS (ESI) m/z: 386.11 (M + 1). Anal. Caled. for
Ci19H,0FNsOS: C, 59.20; H, 5.23; N, 18.17 %. Found: C, 59.39; H, 5.07; N, 18.37 %.
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1.7 Selected spectra
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"H NMR (200 MHz, CDCl5)
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"H NMR (200 MHz, CDCls)
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"H NMR (200 MHz, CDCls)
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77j: 'TH NMR (200 MHz, CDCl; + DMSO-de)
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77m: "H NMR (200 MHz, CDCl;)
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"H NMR (200 MHz, CDCl5)
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"H NMR (200 MHz, CDCl5)
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"H NMR (200 MHz, CDCl5)
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"H NMR (200 MHz, CDCl5)
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"H NMR (200 MHz, CDCl5)
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"H NMR (500 MHz, CDCl;)
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2.1.1 Abstract

New class of hybrid antifungal agents was synthesized with various substituted
chalcone (1,3-diphenyl-2-propen-1-one) moieties in place of one of the triazoles in
fluconazole since it is known that various substituted chalcones and their derivatives
exhibit a variety of biological activities against various pests, pathogens and micro-
organisms. A number of such compounds were synthesized with good to excellent yield
using the strategy developed and the synthesized hybrid fluconazole analogues
containing chalcone moieties were screened against different fungal strains. It was
observed that most of the newly synthesized hybrid compounds exhibited better
antifungal activity than the fluconazole. The enantiomers of some of the substituted
chalcone-containing hybrid fluconazole analogues were synthesized by utilizing
Sharpless epoxidation reaction. The structure-activity relationship study was carried out

to identify the most active compounds of this class.

2.1.2 Introduction

As mentioned in the Chapter 1, in recent years there is an increase in the number
of immunocompromised patients such as those infected with HIV and undergoing organ
transplantations or cancer chemotherapy and they have to undergo long term antifungal
therapy to fight against opportunistic fungi. Though there are effective antifungal agents
available in the market, they have quite a few shortcomings such as toxicity, limited
range of activity for the fungal strains, high price and limited penetration through central
nervous system. Also, the extensive use of antifungal agents like fluconazole'” has
increased the number of resistant fungi due to mutations. This has made it necessary to
design and synthesize new drugs which can be used in place of current antifungal drugs
like amphotericin B, fluconazole etc, against the mutated resistant fungal strains and as a
result various fluconazole derivatives and analogues have been synthesized and checked
for the antifungal activity against different fungal strains. This included derivatisation at
tertiary alcohol of fluconazole as ethers, esters, phosphates and so on or the replacement
of one of the triazole units by different moieties.” In the present work, efforts were
directed towards the synthesis of new antifungal agents wherein a series of substituted

chalcone-containing hybrid fluconazole analogues were designed and synthesized.
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2.1.3 Review of literature
Hybrids as New Leads for Drug Discovery:

The concept of “hybrid drugs” has been gaining more popularity in medicine
because of their multitargeted action. The principle of combination drug therapy (hybrid
drugs) can be achieved by either using concomitant administration of two or more single
active drugs or by drugs in which the single active agents are combined in one molecule
i.e. “hybrid molecules”. Most of the commonly used drugs in therapy are developed on
the basis of the “one target-one disease approach.” They are able to address individual
targets, and consequently they are successfully used in single-target therapy. They are
also used in combination with other drugs for the treatment of complex diseases, such as
cardiovascular and inflammatory diseases, cancer and AIDS, which require addressing
more than one target. Since a single drug is not always able to adequately control the
illness, the combination of drugs with different pharmacotherapeutic profile may be
needed”. In this regard, there is great interest in the use of multitarget drugs, also called
polyvalent or multifunctional drugs, namely, single products capable of interacting
simultaneously with multiple targets, directly or following metabolism™ 6,

There are many reports’ describing the incorporation of two drug
pharmacophores in a single molecule with the intention of exerting dual drug action. For
example, one of the hybrid parts may be incorporated to counterbalance the known side
effects associated with the other hybrid part, or to amplify its effects through action on
another biological target. Encouraging examples of hybrid drug use on systemic heart
disease, malaria and on fungal infections were recently published in the literature.

Peyton and co-workers synthesized8 hybrid molecule 92 (Figure 1) termed as
“reversed chloroquine” by combining chloroquine and des N-methyl imipramine and this
drug was found to be 10 times more effective than chloroquine against both chloroquine-

sensitive and chloroquine-resistant strains of Plasmodium falciparum.
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90: Chloroquine 91: Des N-methyl imipramine
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" O

Figure 1. Structures of chloroquine (90), des N-methyl imipramine (91) and hybrid
molecule 92

Artemisinin (93) is a drug used to treat multi-drug resistant strains of falciparum
malaria. This compound is isolated from the plant Artemisia annua. In addition to its
well-known antimalarial activity, artemisinin derivatives possess potent activity against
cancer cells. Walsh and coworkers’ combined fast-acting artemisinin and slow-acting
quinine into a hybrid drug 95 (Figure 2) for malaria (for which drug resistance is a

barrier to effective treatment).

MeO

i _ 94: Quinine

Figure 2. Structures of artemisinin (93), quinine (94) and hybrid molecule 95

79



Chapter 2: Section |

In vitro assays showed that the hybrid compound 95 is more effective against drug-
sensitive and drug-resistant malaria than the individual drugs alone or a cocktail made of
a 1:1 molar ratio of the two. Walsh also suggested that the hybrid drug may increase
cellular uptake which improves the efficacy of the treatment.

Furthermore, Francisca et al. reported'’ a series of artemisinin—vinyl sulfone
hybrid molecules 97 (Figure 3) with the potential to act in the parasite food vacuole via
endoperoxide activation and falcipain inhibition. A number of compounds were
synthesized and screened for antiplasmodial activity and falcipain-2 inhibition. All
hybrid molecules were active against the Plasmodium falciparum W2 strain in the low

nanomolar range.

96: Dipeptidyl vinyl sulphone

R!= CH,CH,Ph, CH,Ph
R°= H, CH,CHMe,, CH,Ph

R3= Me, Ph
97
R2
H 0,0
N S’
'e) H \_/\/ R3
O R!

Figure 3. Structures of artemisinin (93), dipeptidyl vinyl sulfone (96) and hybrid
molecules 97

Singh and coworkers'' designed hybrid molecules 100 on the basis of the
biological significance of indoles and barbituric acid and evaluated their anticancer
activities. Out of a set of 10 molecules, two compounds (100g and 100h) (Figure 4)
exhibited significant anticancer activities and could be used as leads for further

investigations.
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Figure 4. Structures of indomethacin (98), barbituric acid (99) and hybrid molecules 100

100

s

Jun’ichi et al. reported'? hybrid molecules 103a and 103b of caffeine (101) and
eudistomin D (102), a B-carboline alkaloid from a marine tunicate, and their affinity and
selectivity for adenosine receptors Aj, Aza, and Az were examined (Figure 5). It was
found that both the compounds showed better potency as adenosine receptor ligands as

compared with caffeine.

X
DA |
HaC” j; N
CH3

101: Caffeine

-
Iz

102: Eudistomin D

CHs
OYN | | XN
_N N
HaC N
O R
103a: R=H

103b: R = Methyl

Figure 5. Structures of caffeine (101), eudistomin D (102) and hybrid molecule 103

Bisi and coworkers repor‘[ed4 the synthesis and pharmacological profile of some
hybrid compounds bearing benzazepinone moiety present in Zatebradine (104).
In these new hybrid molecules 105, the presence of aryloxypropanol moiety produces

high affinity and selectivity for B;-adrenoreceptors. Moreover, the investigation on the
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enantiomers of the most potent hybrid compound has revealed a different cardiovascular
profile, i.e., (+)-(R)-enantiomer displays affinity for cardiac B;-adrenoreceptors, while
(-)-(5)- enantiomer shows specificity for vessel smooth muscle. The trend noted in this
series of hybrid molecules might help in developing useful structure-activity
relationships to differentiate and to understand structural elements which give selectivity

for B; versus ,-adrenoreceptors.
H;CO I\l/le
N
H5CO N~
O

OCH3
OCH3
104: Zatebradine

HaCO R OH

N \/\/'{j \)\/O\Ar

o 105

H5CO

R = CHj, Ar = R=CHs, Ar=

s

HsCOC
R = CHa, Ar =

R = CHg, Ar =
O,N

Figure 6. Structures of zatebradine (104) and hybrid molecules 105

R = CHj, Ar =

0

Pier et al. reported13 the hybrid molecule 108 (Figure 7) by the combination of
the natural antibiotic distamycin A 106 and the antineoplastic agent uramustine 107.
Uramustine (uracil mustard) 107 is an inexpensive oral alkylating agent that has been
effective in the treatment of patients with lymphosarcoma, chronic lymphatic leukaemia
and thrombocythemia. Uramustine interacts in guanine-cytosine (GC) rich regions being
able to alkylate guanine-N7 in 5'-PyGCC-3' (Py= pyrimidine; GCC= guanine-cytosine
content) sequences. All the hybrid compounds in this series exhibit enhanced activity
compared both to distamycin A and uramustine, giving ICs values in the range of 7.26-

0.07 uM on human leukemic K562 cells, with maximal activity shown when n= 6.
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Figure 7. Structures of distamycin A (106), uramustine (107) and hybrid molecules 108

Singh et al. reported'* hybrid molecules 111 and 112 on the basis of the structural
features of pyrazole-based drugs 109 and multidrug resistance (MDR) modulator
propafenone 110 (Figure 8). The synthesized hybrid molecules were evaluated for their
interactions with permeability glycoprotein (P-glycoprotein). Some of the molecules
show considerable interactions with P-glycoprotein and some of the compounds are

potential candidates for their use as MDR modulators.

N=0

o!
o
07 Y NH(CH,),CH;
OH

110: Propafenone

2

{ V=

109
o

0
R? R R R!
— OH /\
N NR2R3 N
(@) N’ \)\/ N O/\(\NRZRg
OH

J O

111 112

Figure 8. Structures of 109, 110 and the hybrid molecules 111 and 112
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Recently Jiang and coworkers reported’> a hybrid molecule ZJ-522 (114)
restructured from fluconazole (6) and butenafine (113) (Figure 9) exhibiting antifungal

activity.

114 : 723-522

Figure 9. Structures of fluconazole (6), butenafine (113) and hybrid molecule ZJ-522

7J-522 was tested against 43 strains of fungi representing 13 fungal species and
it was observed to exhibit about 50-fold and 2 to 16-fold more activity than fluconazole
against yeasts and filamentous fungi respectively. This research demonstrated that hybrid
molecules having pharmacophores/structural features of two molecules of different
classes may have potential to exhibit superior activity than the parent molecules.
Moreover, the use of hybrid drugs shows some advantages compared with a cocktail of
drugs, including a lower risk of drug-drug interactions, improved compliance by the

patient, and a more predictable pharmacokinetic profile.

Chalcone: biologically important lead

Chalcones constitute an important group of natural products and serve as valuable
precursors for the synthesis of different classes of flavonoids which are common
substances in plants'®. Chalcones are open-chain flavonoids in which two aromatic rings
are joined by a three carbon o,B-unsaturated carbonyl system (1,3-diphenyl-2-propen-1-
ones)lé. Natural and synthetic chalcone derivatives have received a great deal of attention
due to their relatively simple structures, and wide variety of pharmacological activities
reported for these compounds including anti-inflammatory,'’ anti-bacterial'®, anti-
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fungal'®, and anti-tumor activities’’ >*. Naturally occurring chalcones have been
reported to have multiple biological and pharmacological activities. For example,
xanthoangelol (115) has been reported to induce apoptosis (death of cell) and to inhibit
tumor promotion and metastasis in several cancer cell lines.”*® Broussochalcone A
(116)27, dimethylaminochalcone 117%, and cardamonin (118)29’30 possess anti-
inflammatory activity. Licochalcone A (119), a substance found in the roots of the
Chinese liquorice, showed antimalarial activity’' (Figure 10). 4,4’-Dichlorochalcone
exhibits antilipidemic activity’>. There are other chalcones with very interesting
biological activity such as isoliquiritigenin (120)*° and butein (121)**. These chalcones,
like trans-resveratrol’®, remarkably activate sirtuin’> enzymatic activity, mimic the
beneficial effects of caloric restriction (CR), retard the aging process, and increase

longevity in the budding yeast Saccharomyces cerevisiae.

o OH
I OH
_
(70 P g
HO - OH O |

O O Me—l}l

| Me o)

p OH

115: Xanthoangelol 116: Broussochalcone A "7

OH O

>
HO OCH;

118: Cardamonin

OH O

121: Butein
Figure 10. Naturally occurring chalcones exhibiting different biological activities
Apart from this, chalcones are well known intermediates for synthesizing various

heterocyclic compounds. Cyclization of chalcones, leading to thiazines, pyrimidines,
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pyrazolines etc has been a developing field within the realm of heterocyclic chemistry
for the past several years because of their ready accessibility and the broad spectrum of
biological activity of the products as antibacterial, antifungal, antiprotozoal and anti-
inflammatory substances. Also chalcones (1,3-diaryl-2-propen-1-ones) seem to be
promising antifungal drug candidates and antifungal activity of chalcones (Figure 11) has

been investigated by a number of researchers.

OH O
OH O
122 123
122a: R'=R3= H, R?= NO, 123a: R'= OH, R?= CH,CH=C(CHj),
122b: R'= OCHs, R2=R3= H 123b: R'= OH, R?>= CH,CH(OH)C(CH3)=CH,
122¢: R'=R3= H, R?= CH, 123c: R'=H, R*= OCH,3
122d: R'= OCH3, R?= H, R3= Br 123d: R'=R*= H

SCHs

R3
OH ‘
R2 OH
o) O O 20

S
OH O O
(@] 125 126
124: Crotmadine 125a: R'= R®= H, R%= OCH;

125b: R'= CH;, R?= OH, R®= H
125¢: R'= CHO, R?>= OH, R®= H
Figure 11. Substituted chalcones exhibiting antifungal activity
Lopez et al.*® tested chalcones 122a-d against a panel of human opportunistic
pathogenic fungi, using the agar dilution method and these compounds showed strong
antifungal activities against different fungal strains. The prenylated chalcones
isobavachalcone (123a) and 123b°’ isolated from the leaves of Maclura tinctoria were
active against both fungal pathogens Candida albicans (ICsp of 3 and 15 pg/ml,
respectively) and Cryptococcus neoformans (ICsp of 5 and 7 pg/ml). The methanolic
extract of Zuccagnia punctata38 consisting of 2, 4-dihydroxy-3-methoxychalcone 123¢
and 2, 4-dihydroxychalcone 123d displayed very good activities against Phomopsis
longicolla CE117 and Colletotrichum truncatum CE175.
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Suman et al.®

tested some substituted chalcones for their antifungal activity
against Rhizoctonia solani, Fusarium oxysporum and Colletotrichum capsicum strains of
phytopathogenic fungi. The study showed that a,p-dibromo-3,3’-dinitrochalcone had the
activity against all three fungi with MIC = 6.25 pug/ml, and 4,4’-dimethylchalcone
showed activity against C. capsicum (MIC = 6.25 pg/ml).

Crotmadine 124 isolated from the leaves and stems of Crotalaria madurensis®
exhibited antifungal activity against T. mentagrophytes at a concentration of 62.5 pg/ml.
Geranyl chalcone derivatives isolated from Artocarpus nobilis by Jayasinghe et al.*!
showed good fungicidal activity against Cladosporium cladosporioides.

Biological screening of dihydrochalcone derivatives by Okunade et al.** showed
that 125a demonstrated relatively good activity against the two leading AIDS-related
fungal pathogens C. albicans and C. neoformans, and marginal activity against the acid-
fast bacterium Mycobacteria intracellulare. This is the first report of evaluation of this
species for activity against these important AIDS-related pathogens. Additionally, 2,4,6-
trihydroxy-3-methyldihydrochalcone  125b*  showed promising bioactivity in
antimicrobial assays. It showed very good activity against B. subtilis and T.
mentagrophytes. Extract from the leaves of the Peruvian plant Psidium acutangulum**
containing dihydrochalcone 125¢ revealed potent antifungal activities against
Rhizoctonia solani and Helminthosporium teres and antibacterial activity against
Xanthomonas campestris. Bag and co-workers reported” a series of chalcones
incorporating sulfur either as part of a hetero-aromatic ring (thiophene) or as a side chain
(thiomethyl group) and tested for their in vitro activity. Some of the compounds e.g. 3-
(4-(methylthio)phenyl)-1-(thiophen-2-yl)prop-2-en-1-one 126 showed appreciable
activity against fluconazole-sensitive and fluconazole-resistant strains. The antifungal
activity exhibited by various compounds containing chalcone moiety prompted us to

design new hybrid molecules with chalcones and fluconazole pharmacophores.

2.1.4 Present work

2.1.4.1 Objective

Keeping in view the advantages of hybrid molecules over the individual drugs or
the cocktail of the two drugs, we planned to synthesize the hybrid molecules restructured
from the fluconazole and biologically active chalcone moieties (described as above) in
such a way that the important part of fluconazole molecule which is responsible for the

antifungal activity (that is triazole ring, difluorophenyl group and the hydroxyl group)
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does not get disturbed. As we know, fluconazole inhibits the fungal enzyme lanosterol
l4a-demethylase, thereby blocking the biosynthesis of ergosterol, an essential
component of fungal cell membranes*. Chalcones (1,3-diaryl-2-propen-1-ones) seem to
be promising antifungal drug candidates. They have been shown to inhibit the growth of
various fungi and yeasts, including representatives of the Candida species47’48. It is
known that the mode of the antifungal action of chalcones is related to inhibition of the
fungal cell wall®. From a therapeutic standpoint it is also interesting that chalcones can
inhibit glutathione-S-transferases (GSTs), enzymes that appear to be involved in drug
resistance™. So, the new hybrid antifungal agents, 127 and 128 (Figure 12), restructured
from fluconazole and substituted chalcones, were designed and synthesized. It was
thought that these molecules would be inhibitors of both fungal enzyme lanosterol 14a-
demethylase and the fungal cell wall, and have antifungal activity better than fluconazole

and corresponding chalcones.

OH OH
/\
N7 N
\=N
z z
127 128

Figure 12. Hybrid fluconazole analogues containing chalcone moieties

During the work described in this section, efforts were directed towards
replacement of one of the triazole moieties present in fluconazole with various
substituted chalcones in order to make a number of compounds available for biological
activity. So we targeted to synthesize a molecule where pharmacophore of fluconazole
was attached to the biologically active chalcone moieties so that we could get hybrid
molecules with enhanced antifungal activity. The newly synthesized molecules were
tested against various fungi and the structure-activity relationship study was carried out.

Furthermore, the stereoselective interaction of the enzyme with stereoisomeric
azoles has become an intriguing field of study and therefore in continuation to the above
work, efforts were also directed towards the synthesis of enantiopure compounds to
examine the influence of absolute configuration on antifungal activity. The structure-

activity relationship study is also presented in this section.
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2.1.4.2 Results and discussion

The retrosynthetic route for the preparation of compounds depicted by the general
formula 127 is shown in Scheme 1. The compound 127 could be synthesized by the
Claisen-Schmidt condensation™ of compound 129 and substituted benzaldehyde 130.
The compound 129 could be synthesized from the opening of epoxide 32 with
substituted 4-hydroxyacetophenone 131.

Rl
Z = 1
X R
OH Al |B SR X CHj
o~ A % OH Al
7N (@) N
N™ 7N o}
\=N Z' — N /
\=N Z 'E
+ OHC \ 1%
R
Z
Z 129 130
127
O
>N
N / Rl
\=N Z HO 4
A
+ | = CHj
Z O
32 131

Scheme 1. Retrosynthetic analysis for the preparation of hybrid compounds 127

The retrosynthetic route for the preparation of compounds 128 is shown in
Scheme 2. The compound 128 could be prepared from the compound 132 and substituted
acetophenone 133 as depicted above for the synthesis of compound 127. The compound

132 could be obtained from the opening of epoxide 32 with 4-hydroxybenzaldehyde 134.
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0
Né\ll\] Rl
\=N z =|=
¥ HO—<&£>—CHO
z
32 134

Scheme 2. Retrosynthetic analysis for preparation of hybrid compounds 128

The compounds 127 and 128 could also be synthesized by the alternate route
shown in Scheme 3 by the opening of epoxide 32 with regioisomeric hydroxychalcones

135 and 136 respectively.

=z
ZzZ~zZ
N
=z
Ty
zZ~z
+ N
T
@)
/%~
(@)
\
/

B R
%
" 1 0 322 135
R
N N
OH \<5| Iﬁ/;—R
/\
N7 N 0 0
\=N z AN 1 9
N™ 5 R S
[ — \=N Z' N
R A |B R
NS
V4 HO
128 V4
32 136

Scheme 3. Alternate approach for preparation of hybrid compounds 127 and 128
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The synthesis of the hybrid molecule 127 was carried out via the route shown in
Scheme 4. The 4-hydroxyacetophenone 131 was reacted with the epoxide 32 (Synthesis
of epoxide 32°' has been described in Chapter 1, Scheme 6) in presence of potassium
carbonate in ethyl acetate at refluxing temperature for 10-12 h to get the intermediate
compound 129 in good yields, which on Claisen-Schmidt condensation®® with various

substituted aromatic aldehydes 130 afforded target molecules 127.

O
H
',\‘ HO NN o
/
\/N ‘( \=N Z'
z
a 131 129
O
7 Ar
OH
7N o]
, N
ii \=N z
R
O
Ar)J\H 127
130

127a: Ar=phenyl, Z=27'=F 127j: Ar = 2-thienyl, Z=Z'=F
127b: Ar = 4-methoxyphenyl, Z=Z'=F 127k: Ar = 2-naphthyl, Z=Z'=F
127c: Ar = 2-methoxyphenyl, Z=Z'=F 1271: Ar = 9-anthracenyl, Z=2Z'=F
127d: Ar = 3,5-dimethoxyphenyl, Z=Z'=F  127m: Ar = N-methyl-3-indolyl, Z=Z'=F
127e: Ar = 3,4,5-trimethoxyphenyl, Z =Z'=F 127n: Ar = 4-methoxyphenyl, Z =F, Z'=H
127f: Ar = 4-chlorophenyl, Z=Z'=F 1270: Ar = 4-chlorophenyl, Z =F, Z'=H
1279g: Ar = 2,4-dichlorophenyl, Z = Z'= F 127p: Ar = 4-methoxyphenyl, Z =Br,Z'=H
127h: Ar = 4-n-octyloxyphenyl, Z=Z'= F 127q: Ar = 2-thienyl, Z =F, Z'=H
127i: Ar = 2-fluorophenyl, Z=Z'=F

Scheme 4. Reagents and conditions:

NaOH, MeOH, tt, 12-20 h, 70-85%.

i) K,COs, TBAB, EtOAc, 80 °C, 12 h, 80-86 %; ii) 10%

The structures of the products 127 were assigned based on 'H NMR, "*C NMR,
IR and mass spectroscopy. In 'H NMR spectrum, two doublets (each for one proton in
the range of & 6.00-8.00 with coupling constant in the range of J = 14-16 Hz ) were
observed along with four successive doublets (each for one proton in the range of 6 4.04-
4.98 with coupling constant in the range of J = 10-14 Hz ) which confirmed the
formation of product. The coupling constant J = 14-16 Hz for olefinic enone protons

indicated that the products consisted of E isomer. It is noteworthy that availability of a

wide variety of substituted 4-hydroxyacetophenones 131 and aromatic aldehydes 130 as
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well as easy preparation of a number of epoxides 32 makes the present reaction sequence
effective in getting a large number of compounds for screening against various fungi.
Similarly, the synthesis of the hybrid molecule 128 was carried out via the route

shown in Scheme 5.

Y

N

—

{
Z~z

1
(@] R H
R OH
I~
F  HO NN 0O
@ , \=N F
+ H |
—_ =
F (0]
32 134

0]

OH @
(@]

7N
i -1 F 128a: Ar = 2,4-dichlorophenyl, R' = H
132 ———» 128b: Ar = 4-methoxyphenyl, R' = H
0 128c: Ar = 4-methylphenyl, R" = H
Ar)J\CHg, E 128d: Ar = 4-n-octyloxyphenyl, R' = H
128e: Ar = 4-methoxyphenyl, R' = OMe
133a-e 128a-e
0
R! X
R
OH
N7 N 0
/
i \=N F 128f: R = methyl, R' = H
_—
132 o 1289g: R = n-pentyl, R' =H
P 128h: R = n-Cq4Hy, R' = H
R”™ “CH,3 F 128i: R = cyclopropyl, R' = H
133f-j 128f+ 128j: R =H, R' = OMe

Scheme 5. Reagents and conditions: i) K,CO;, TBAB, EtOAc, 80 °C, 12 h, 80-90 %; ii) 10%
NaOH, MeOH, rt, 12-20 h, 68-84%.

The 4-hydroxybenzaldehyde (134, R' = H) was reacted with the epoxide 32 under
the same reaction conditions which were used for the synthesis of hybrid compounds 127
to give the intermediate compound 132 in good yields, which on Claisen-Schmidt
condensation® with various substituted aromatic acetophenones 133 afforded target
molecules 128 as shown in Scheme 5.

The hybrid molecules 127 and 128 were also synthesized by the alternate route as
shown in Scheme 6. The regioisomeric hydroxychalcones 135 and 136 synthesized from
4-hydroxyacetophenones and substituted benzaldehydes and 4-hydroxybenzaldehyde and
substituted acetophenones respectively by using Claisen-Schmidt condensation®®, were

reacted with epoxide 32 in presence of potassium carbonate and tetrabutylammonium
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bromide (TBAB) in ethyl acetate at refluxing temperature for 5-7 h to yield 127 and 128

in good yields.
O
O
O 7 Ar _
NN OH Ar
N HO 135
\=N F . N7 N 0]
! \=N F
F
127
32 F
127b: Ar = 4-methoxyphenyl
127f: Ar = 4-chlorophenyl
127j: Ar = Ar = 2-thienyl
O
R! o)
O N Ar R! X
Z>N Ar
N HO 136 oH
\=N F . N//\N (e}
' \=N F
F
32 F

[ 128b: Ar = 4-methoxyphenyl, R' = H }

Scheme 6. Reagents and conditions: i) K,CO;, TBAB, EtOAc, 80 °C, 5-7 h, 75-85 %.

In order to evaluate the antifungal activity of hybrid fluconazole analogues 127
and 128, study of the effect of different structural modifications was undertaken and
following points were considered while synthesizing different molecules: (a) variations
of the substitution pattern on the benzene rings A and B (b) replacement of the benzene
ring B with alternative aromatic systems such as thienyl, naphthyl, indolyl, anthracenyl
etc and (c) structural modifications of the enone linkage.

Using above synthetic strategy, a number of compounds were synthesized. All
the compounds synthesized were fully characterized by '"H NMR, >C NMR, IR and mass
spectroscopic methods and showed satisfactory spectral data as described in the
experimental section.

Antifungal evaluation
All the newly synthesized hybrid compounds 127 were tested for antifungal

activity against various fungi including Candida albicans, Aspergillus niger, Fusarium
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proliferatum etc at FDC Ltd., Mumbai as described in Chapter 1. The activity parameters

are depicted in Table 1 as MICs, values.

Table 1: MIC obtained by broth micro-dilution method

LY

OH

Z~z

OH

127a-q 128a-e
Z ) F
O =\
Rl
X R
OH
7N o)
N™
\=N F
128f-j

Sr. | Comp. Activity against organisms (MICsp in pg/ml)
no. | no.
Structure Ca |[Cg |Ck|Ct Cn |An |Af |Fp
01 01 |01 |01 01 |01 m0 |01
1
FLU 025 | 1 [32| 1 | 2 [>128 >é2 >128
AMB 025 | 025 05| 05 | 05| 02505 | 2

Ar = phenyl,

1 1272 7 —7—F 0.06 | 0.25 | >2 | 0.5 1 >2 | >2 | >2
Ar=4-

2 127b methoxyphenyl, 0.06 | 0.25 | 4 | 0.25 1 4 >4 >4
Z=7=F
Ar = 2-

3 127¢ methoxyphenyl, 025 | 0.5 | >8 2 8 >8 | >8 | >8
Z=7=F
Ar=3,5-

4 127d dimethoxyphenyl, | 0.25 2 >4 2 2 >4 | >4 | >4
Z=7=F
Ar=345-

5 127e trimethoxyphenyl, | 0.25 1 >4 1 >4 | >4 | >4 | >4
Z=7=F
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127f

Ar=
4-chlorophenyl,
Z2=72=F

0.5

0.5

0.5

0.5

>4

>4

>4

127¢g

Ar=24-
dichlorophenyl,
72=7=F

0.25

0.5

>4

>4

>4

127h

Ar =4-n-
octyloxyphenyl,
Z=7=F

>2

>2

>2

>2

>2

>2

>2

>2

1271

Ar=
2-fluorophenyl,
2=72=F

0.12

0.25

0.5

>4

>4

>4

10

127

Ar = 2-thienyl,
Z2=72=F

0.12

0.25

0.5

>8

>8

>8

11

127k

Ar = 2-naphthy],
Z=7=F

0.25

0.5

0.5

0.5

>4

>4

>4

12

1271

Ar=
9-anthraceny],
Z=72=F

>2

>2

>2

>2

>2

>2

13

127m

Ar = N-methyl
-3-indolyl,
Z=7=F

0.25

>4

>4

>4

>4

14

127n

Ar=4-
methoxyphenyl,
Z =F, 22=H

0.25

0.5

0.5

>4

>4

>4

15

1270

Ar=4-
chlorophenyl,
Z =F, Z2=H

0.5

0.5

0.5

>4

>4

>4

16

127p

Ar=4-
methoxyphenyl,
Z =Br,Z’=H

0.5

>4

>4

>4

>4

>4

17

127q

Ar = 2-thienyl,
Z =F, Z2=H

0.25

0.25

>8

>8

>8

18

128a

Ar=24-
dichloropheny],
R'=H

0.12

0.5

>4

>4

>4

19

128b

Ar=4-
methoxyphenyl,
R'=H

0.12

0.25

>4

>4

20

128¢

Ar=4-
methylphenyl,
R'=H

0.12

0.25

>4

>4

21

128d

Ar =4-n-
octyloxyphenyl,
R'=H

0.12

>4

>4

>4

>4

>4

>4

22

128e

Ar=4-
methoxyphenyl,
R'=OMe

0.03

0.5

>4

>4

>4

23

128f

R = methyl,
R'=H

0.12

0.12

>128
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24 | 128g Elzznl'{pemyl’ 012006 | 1| 2 |05 ]| >4 | >4 | >4

25 128h Rlz n-C14H29, >1 >1 ~1 ~1 -1 -1 -1 1
R'=H

26 | 1281 Elz_cﬂd()pmp Yoo o015 003 | 1 lo2s| 2 | s | 16| 516
27 128§ |R-=H

SR OMe 025 | 1 | 32| 8 | 16 | >64 | >64 | >64

* Ca01: C. albicans ATCC 24433, Cg01: C. glabrata ATCC 90030, Ck01: C. krusei
ATCC 6258, Ct01: C. tropicalis ATCC 750, Cn01: C. neoformans ATCC 34664, An01:
A. niger ATCC 16404, Afm01: A. fumigatus ATCC 46645, Fp01: F. proliferatum
ATCC 10052

From the antifungal activity data it was observed that most of the hybrid
fluconazole analogues restructured from fluconazole and chalcone exhibited good
antifungal activity. The activity data indicated following points regarding the structure-
activity relationship of the compounds 127 and 128 studied in the present section of this
chapter:
1. The hybrid compounds with general structures 127 and 128 having same substituents
on corresponding aromatic rings showed almost same antifungal activity e.g. 127b v/s
128b and 127f v/s 128a.
2. The hybrid compounds showed broader spectrum of antifungal activity than
fluconazole and many compounds from these two classes exhibited better antifungal
activity than fluconazole against C. albicans, C. glabrata, C. krusei, C. tropicalis and C.
neoformans.
3. The compounds with difluorophenyl moieties showed higher antifungal activity than
compounds with 4-fluoro and 4-bromophenyl moieties e.g. 127b v/s 127n, 127g v/s 1270
and 127j v/s 127q.
4. As number of substituents on phenyl ring B of hybrid molecule 127 increased, its
antifungal activity decreased (e.g. 127b v/s 127d, 127b v/s 127e and 127f v/s 127g).
5. The replacement of 4-methoxyphenyl group with 4-n-octyloxyphenyl group resulted
in the loss of antifungal activity e.g. 127b v/s 127h.
6. The replacement of the phenyl ring with alternative aromatic systems like thienyl or
naphthyl was tolerated (e.g. 127a v/s 127j or 127a v/s 127k), replacement with indolyl
ring resulted in decrease in antifungal activity (127a v/s 127m) while replacement with
bulky rings like 9-anthracenyl resulted in complete loss of activity (127a v/s 1271).
7. In case of the compounds with general structure 128, when phenyl ring was replaced
with alkyl side chain (128f-h) activity was observed with compounds having shorter side
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chains (e.g. 128f and 128g) while the compounds with longer side chains (e.g. 128h)
exhibited negligible activity.

8. The replacement of phenyl ring with cyclopropyl ring (compound 128i) resulted in
maximum antifungal activity in this group of compounds.

The significant results obtained in case of the hybrid molecules 127 and 128
made us to undertake the synthesis of dimeric molecules. The proposed dimeric
molecules are depicted with general formulae 137 and 138, wherein the two monomeric
molecules are linked with the enone linkers (Figure 13). The monomeric molecules 127
or 128 exhibiting good antifungal activity could be further modified to get dimeric
molecules and this may lead to the synthesis of new fluconazole analogues exhibiting

enhanced antifungal activity.

o)
P
OH O O OH  ,—n
o~
N7 N 0 0 N\N/)
\=N F F
137
F F
o)
O
OH OH
/=N
7 N o] o N,
N™ ‘N
\=N F F
138
F F

Figure 13. Dimeric fluconazole analogues containing enone moieties

The compound 137 was synthesized by the condensation of compounds 129 and 132

under Claisen-Schmidt reaction conditions™ as shown in Scheme 7.
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H
OH C 3 OH H
N7 N O NN o
\=N F \=N F ,
N — !
F F
129 132
o)
=
OH O O OH
/=N
o~
N7 N o 0 N,
\=N F F
£ 137 £

Scheme 7. i) 10% NaOH, MeOH, rt, 18 h, 80%.
The compound 138 was synthesized by the reaction of cyclopentanone with two

equivalents of compound 132, under the same reaction conditions as used for synthesis

of compound 137, as shown in Scheme 8.
(0]
O
~0
H
OH o O O o o VoA
0 N 0O \N/)
F
138
F
SO F
132

Scheme 8. i) 10% NaOH, MeOH, rt, 18 h, 77%.

After the successful synthesis of hybrid molecules 127 and 128 and dimeric
molecules 137 and 138, we undertook synthesis of a new class of antifungal agents
depicted by general formula 139 (Figure 14) by replacing one of the triazole moieties of

fluconazole with (un)substituted enone.
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/ |
OH R
N//\N = NN
/
\=N F O
F 139

Figure 14. Structure of fluconazole analogues 139

The retrosynthetic analysis for the preparation of compounds depicted by general

formula 139 is shown in Scheme 9.

7~ 3 OH
o R NN CHO PhsP”
N N F
\=N F O
+ \R
£ 139 HF“O 141ﬂ
OH TPh.p O
NPy P CIPhsP
\QNI F | X
53
143 _ R
142 ﬂ
F
I e
X
NN 0 |
; ¢
\QN F R
+ Br/\/ 75
F
76a

Scheme 9. Retrosynthetic analysis for preparation of compounds 139.

Compound 139 could be obtained by the Wittig reaction of compound 140 with
phosphorane 141. The compound 140 could be prepared from the homoallylic alcohol
142, which in turn could be obtained from triazolyl ketone compound 76a and allyl
bromide by using the Barbier reaction condition®®. The phosphoranes 141 could be
prepared by known method®® from the substituted chloroacetophenones 75 via the

intermediate Wittig salts 143. The conversion of triazolyl ketone compound 76a into the
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desired hydroxyaldehyde 140 was achieved by the reaction sequence shown in Scheme

10.

OH OH
N N N CHO
=N F _ =N F : =N F
i
— > -
F F F
76a 142 140

Scheme 10. Reagents and conditions: i) Allyl bromide, Zn, THF, rt, 3-5 h, 88% ii) OsOy, t-
BuOH-H,0 (1:1), NalOg4, NaHCO;, rt, 10-12 h, 76%.

The Barbier reaction® of ketone 76a with allyl bromide and zinc in THF afforded
the homoallylic alcohol 142 which was characterized by spectral methods. The 'H NMR
spectrum showed multiplets at 6 2.36-2.47 and 2.72-2.82 for one proton each which were
assigned to methylene protons adjacent to double bond while the multiplets at 6 5.07-
5.15 and 5.03-5.70 for 2 protons and one proton respectively were assigned to allylic
double bond protons. The homoallylic alcohol 142 on dihydoxylation by using OsOy in t-
BuOH-H,0 (1:1) followed by cleavage using NalO, afforded the desired hydroxyaldehyde
140.

The various substituted phosphoranes 141 were prepared by the synthetic route

shown in Scheme 11.

cl © CiPhyp © Pth%\QgO
/i% i N iv N
| — | — |
/\/R =X /\R
75 141

R
143

14la: R=H

141b: R = 4-methyl
141c: R = 4-bomo
141d: R = 2,4-difluoro

Scheme 11. Reagents and conditions: i) PPh;, toluene, reflux, 12 h, 82-90% ii) Na,CO;, DCM-
H,O (1:1), rt, 8-10 h, 74-83%.

The synthesis of phosphorane [1-aryl-2-(triphenylphosphoranylidene)ethanone] 141 was

achieved by the reaction of chloroketones 75 with triphenylphosphine in toluene at reflux
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temperature to afford the Wittig salt 143 which was then reacted with sodium carbonate
in DCM-H;O (1:1) at room temperature to get the phosphorane 141.

The compounds 140 and 141 were then reacted in dichloromethane at room
temperature to afford the target molecules 139 in 68-75% of yields as shown in Scheme
12.

=z

OH e
NP Ny OH  JR
\ DCM, tt, ¢ _

N 1-2 h, N F O
_—>
68-75%
£ F
140 141 139a-d
139a: R=H

139b: R = 4-methyl
139c: R = 4-bomo
139d: R = 2,4-difluoro

Scheme 12. Synthesis of the compound 139

All the compounds synthesized in these reaction sequences were fully
characterized by 'H NMR, °C NMR, IR and mass spectroscopic methods and showed
satisfactory spectral data described in experimental section.

Apart from the above compounds (127, 128, 137, 138 and 139) synthesized for
the structure activity relationship (SAR) study, we directed our efforts towards the
synthesis of compound 144 where we replaced both the triazole moieties of fluconazole

(6) with chalcone moiety as shown in Figure 15.

@) 0]
N =
o LT
MeO (0] (0] OMe
F
F
144

Figure 15. Fluconazole analogue 144 containing chalcone moieties
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The synthesis of the compound 144 was carried out via the route shown in Scheme 13. 1-
Bromo-2,4-difluorobenzene 145 was reacted with 1,3-dichloroacetone in presence of Mg
powder in dry THF under Grignard condition®® to get the dichloroalcohol 146. The
condensation of dichloroalcohol 146 with 4-hydroxyacetophenone 131 in presence of
potassium carbonate and tetrabutylammonium bromide (TBAB) in acetonitrile at
refluxing temperature for 8 h afforded 1,1'-(((2-(2,4-difluorophenyl)-2-hydroxypropane-
1,3-diyl)bis(oxy))bis(4,1-phenylene))diethanone 147, which on Claisen-Schmidt
condensation™ with 4-methoxybenzaldehyde afforded target molecule 144 as shown in

Scheme 13.

O O
(@] OH H3C CH3
Br Cl cl OH
= Cl Cl = O O
i i F
v —_—
F F
E
145 146 147
O O
N =
U A e LT T
MeO O O OMe
iii F
—_—
=
144

Scheme 13. Reagents and conditions: i) Mg, dry THF, 0 °C-rt, 7 h, 30% i) 4-Hydroxy
acetophenone, K,COs;, TBAB, CH;CN, reflux, 8 h, 88% iii) 4-Methoxybenzaldehyde,
10% NaOH, MeOH, rt, 20 h, 68%.

All the newly synthesized compounds 137, 138, 139 and 144 were tested for

antifungal activity against various fungal strains and the activity parameters are depicted

in Table 2 as MICs, values.
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4~
N 7 r/\l \N/
\=N F F
138 139a-d

144

Table 2. MIC obtained by broth micro-dilution method

Sr. | Comp. Activity against organisms (MICsg in pg/ml)
no. | no. Structure

Ca Cg Ck |[Ct [Cn |An |Af |Fp
01 01 (01 (01 |01 |O1 m0 | 01

1
FLU 0.25 1 32 1 2 | >128 >é2 >128
AMB 0251025 | 05|05 05025 05 2
137 006 | 05 | 1 | 05| 1 | >4 | >4 | >4
2 138 0.25 | 0.25 4 1 | >4 >4 4 | >4
3 139a Ar = phenyl 0.5 8 >32 | >32 | >32 | >32 | >32 | >32
Ar=4-
4 139b bromophenyl 0.25 2 >32 | 8 32 | >32 | >32 | >32
Ar = 2,4-
5 139¢ difluorophenyl | 0.25 1 >16| 32 | 32 | >16 | >16 | >16
Ar =4-
6 139d methylphenyl 0.25 2 >32 1 8 32 | >32 | >32 | >32
7 144 >2 >2 >2 |22 | >2 | >2 >2 | >2
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The activity data indicated following points regarding the structure-activity
relationship of the compounds 137, 138, 139 and 144 studied in the present chapter.

1. The hybrid compounds 137 and 138 containing two fluconazole moieties and central
chalcone or aryl enone moiety showed antifungal activity lower than that of the
corresponding compounds 127b or 128b containing one fluconazole unit and chalcone
moiety.

2. When the chalcone moiety was replaced with the olefinic enone linkage (e.g. 139a-d)
the antifungal activity decreased e.g. 139d v/s 128c.

3. The difluorophenyl substituted compound (e.g. 139¢) showed higher antifungal
activity than the compounds with phenyl, 4-bromophenyl and 4-methylphenyl moieties.
(e.g. 139a, 139b and 139d).

4. Also, it was observed that when both the triazole rings were replaced with chalcone
moieties, it resulted in the loss of antifungal activity (e.g. 144).

In continuation to the above work, the R and S enantiomers of the active
compounds 127 were prepared to examine the influence of absolute configuration on
antifungal activity. From the antifungal activity results of racemic compounds 127 and
128 it was observed that the hybrid compounds 127 and 128 having same substituent on
corresponding aromatic rings showed almost same antifungal activity so the compounds
127 were chosen for preparation of their enantiomers. The preparation of enantiomers of
this class of antifungal agents was achieved from chiral epoxides (R)-32a and (S)-32a
(Synthesis of chiral epoxides (R)-32a and (S)-32a°" has been described in Chapter 1,
Scheme 11).

The R and S enantiomers of compound 127 were prepared by the synthetic route shown
in Scheme 14. The hydroxychalcone 135 was reacted with chiral epoxides (R)-32a and
(5)-32a in presence of potassium carbonate and tetrabutylammonium bromide (TBAB)
in ethyl acetate at refluxing temperature for 5-7 h to afford the target enantiopure

molecules (R)-127 and (S)-127.
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0
pZ
o) Ar
NN B o) oH
A KoCOs, TBAB, N7 N S0
N F SAr EtOAc, 80°C  \=N F
+ R
HO 65-77%
F R F127 0
(R)-3Za 135 ( )'
(o) OH Z Ar
NN o)
\ N KoCO3, TBAB, N7 N 0
N F /©)J\/AN EtOAc, 80 °C =N F
+ —_—
HO 65-70%
F S 1Fz7
(S)-32a 135 ©r

127b: Ar = 4-methoxyphenyl
127f: Ar = 4-chlorophenyl
127j: Ar = 2-thienyl

Scheme 14. Synthesis of enantiomers (R)-127 and (S)-127

The chiral HPLC chromatogram for racemic 127f and its (S) enantiomer is shown in

Figure 16.
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Figure 16. (S) enantiomer of 127f
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After synthesis of enantiomers of 127 specific rotations of enantiomers were

calculated from the observed rotations as shown in Table 2.

Table 3. Specific rotations of enantiomers of 127b, 127f and 127j.

Comp. | Chem. Peak Retention | Enantiomeric Specific Rotation
R I S
Chromatogra min (% ee)
(R-127b | 994 TX 32.80 71.80 -11.28°
(c=1.06, THF)
(S)-127b | 96.7 B 40.76 95.2 +13.80 °
(c=1.01, THF)
(R)-127f | 98.8 A 30.39 97.8 -12.30°
(c=1.02, THF)
(S)-127f 92.0 B 31.81 77.92 +11.90°
(c=1.00, THF)
(R)-127j | 97.8 B 41.56 94.2 -13.01°
(c=1.00, THF)
(S)-127j | 98.7 A 28.31 94.7 +13.59°
(c=1.03, THF)

All the newly synthesized R and S enantiomers of compounds 127 were tested for

antifungal activity against various fungi and results are enumerated in Table 4.

Table 4: MIC obtained by broth micro-dilution method

Activity against organisms (MICsy in pg/ml)

Organism | AMB |FLU | 127b | (R)- [ (S)- |127f | (R)- | (S)- | 127 | (R)- | (S)-
127b | 127b 127f | 127F 127§ | 127j

C. 0.25 0.5 0.06 | 0.06 | 0.5 0.12 | 0.06 1 0.06 | 0.03 | 0.25

albicans

ATCC

24433

C. 0.5 0.5 0.12 | 0.06 | 0.5 0.12 | 0.06 [ 0.5 |0.06 |0.03 |05

albicans

ATCC

10231

C. 0.5 0.5 0.06 | 0.3 0.5 025 | 0.12 [ 0.5 |0.06 |0.03 |05

albicans
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ATCC
2091

C. 0.5 0.5 0.06 | 0.3 1 0.12 | 0.06 | 0.5 |0.03 |0.015]0.25
albicans
ATCC
90028

C. 0.25 4 0.12 [0.06 |1 025 | 0.12 |05 |0.12 |0.03 |0.25
glabrata
ATCC
90030

C. krusei 0.5 64 2 2 >4 2 1 4 4 2 >4
ATCC
6258

C. 0.5 2 025 (025 |2 1 0.5 2 0.5 0.12 |2
tropicalis
ATCC
750

C. 0.5 2 0.5 0.5 2 05 025 |2 1 0.5 4
neoforman
s ATCC
34664

A. niger 0.25 >128 | 4 2 >4 >4 | >4 >4 | >4 >4 >4
ATCC
16404

A. 0.5 >128 | >4 >4 >4 >4 >4 >4 >4 >4 >4
fumigatus
ATCC
46645

F. 2 >128 | >4 | >4 >4 >4 [>4 [>4 [>4 4 | >4
proliferatu
m ATCC
10052

From the antifungal activity results of these enantiopure compounds it was found that the
R-enantiomer of this class of antifungal agents has higher antifungal activity than the S-
enantiomer.
2.1.5 Conclusion

Hybrid fluconazole analogues 127 and 128 containing substituted chalcones were
synthesized using two routes with good to excellent yields. Variation in the substituents
on phenyl ring was done by varying the starting materials, most of which are readily
available. Also, the terminal phenyl ring was replaced with alternative aromatic systems
like thienyl, naphthyl, indolyl and anthracenyl etc. These reactions can be carried out on
large scales and various new chemical entities (NCEs) were prepared for SAR studies.
Many compounds from both the classes of compounds having general structures 127 and
128 exhibited very good antifungal activity against various fungal strains. Furthermore,

we prepared a few compounds 127 in enantiomerically pure form to examine the
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influence of absolute configuration upon antifungal activity and it was observed that R
enantiomers were more active than S enantiomers This work will be very helpful in

development of more potent antifungal agents with superior antifungal activity.
2.1.6 Experimental Section

Preparation of 1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yDpropoxy)phenyl)ethanone (129a)

To the flame-dried K,CO; (33.9 g, 245.9 mmol), 4-hydoxyacetophenone 24a (10.0 g,
81.96 mmol), tetra-butylammonium bromide (TBAB, 300 mg) and epoxide 23 (19.4 g,
81.96 mmol) dissolved in dry ethyl acetate (150 mL) were added. The reaction mixture
was allowed to stir at reflux temperature for 12 h under nitrogen atmosphere. It was then
cooled to room temperature, diluted with water, extracted with ethyl acetate, dried over
Na,SOy4, concentrated and purified by column chromatography to give pure compound 1-
(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)ethanone
129a as white solid (13.78 g, 87.6%).

Nature: White solid; MP: 157 °C; Yield: 87.6 %; '"H NMR (200 MHz, CDCls): 6 2.55
5 (s, 3H), 4.31 (s, 2H), 4.76 (s, 1H), 4.80-4.96 (m, 2H), 6.75-
oH /©)LCH3 6.94 (m, 4H), 7.57-7.70 (m, 1H), 7.85 (s, 1H), 7.92 (d, J= 10
N . Hz, 2H), 8.03 (s, 1H); >C NMR (50 MHz, CDCl;): § 26.0,
54.5, 71.6, 74.6, 104.0 (t), 111.5 (d), 114.0 (2C), 122.3 (d),
129.9 (d), 130.3 (2C), 130.6, 144.2, 151.0, 158.2 (dd), 161.7,
163.2 (dd), 196.6; IR (Chloroform): 1601, 1674, 3336 cm™'; MS (ESI) m/z: 374.08 (M +
1), 396.06 (M + Na).

The following compounds 132a-b were prepared by using the procedure given for the
preparation of compound 129a.
4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)benzaldehyde
(132a)
Nature: Pale yellow solid; MP: 140 °C; Yield: 73%; 'H NMR (200 MHz, CDCls): 6
) 4.30 (d, J = 8 Hz, 1H), 4.38 (d, J = 10 Hz, 1H), 4.97 (s, 2H),
PPN /©)LH 5.64 (bs, 1H), 6.77-6.91 (m, 2H), 7.00 (d, J= 8 Hz, 2H), 7.55-
\=N F 7.68 (m, 1H), 7.82 (d, J = 8 Hz, 2H), 7.91 (s, 1H), 8.55 (s, 1H),
9.88 (s, 1H); *C NMR (50 MHz, CDCls): & 54.4, 71.9, 74.9,
104.2 (t), 111.8 (d), 114.8 (2C), 122.2 (d), 130.2 (d), 130.4,
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131.8 (2C), 144.3, 151.5, 158.4 (dd), 162.8, 163.3 (dd), 190.6; IR (Nujol): 1603, 1673,
3405 cm™'; MS (ESI) m/z: 360.03 (M + 1).
4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxybenzaldehyde (132b)
Nature: Yellow semisolid; Yield: 68%; '"H NMR (200 MHz, CDCls): & 3.90 (s, 3H),
o 4.32 (d, J= 10 Hz, 1H), 4.45 (d, J= 10 Hz, 1H), 4.93 (d, J= 14
NN OQC”O Hz, 1H), 5.03 (d, J= 14 Hz, 1H), 5.11 (bs, 1H), 6.76-6.90 (m,
2H), 6.99 (d, J= 8 Hz, 1H), 7.40-7.44 (m, 2H), 7.54-7.66 (m,
1H), 7.92 (s, 1H), 8.69 (s, 1H), 9.85 (s, 1H); *C NMR (50
MHz, CDCls): ¢ 54.3, 55.7, 73.1, 74.8, 104.0 (t), 109.6, 111.6 (d), 113.3, 122.2 (d),
126.2, 130.0 (d), 130.9, 144.3, 149.9, 151.2, 152.9, 158.3 (dd), 163.3 (dd), 190.7; IR
(Chloroform): 1617, 1682, 3360 cm™; MS (ESI) m/z: 390.45 (M + 1).

Preparation of (E)-1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propoxy)phenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (127b)
To a solution of 1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)ethanone 129a (1.0 g, 2.68 mmol) in methanol (20 ml), 4-
methoxybenzaldehyde 130a (0.437 g, 3.21 mmol) was added. To this mixture, aq.
sodium hydroxide (10%, 7.5 mL, 0.75 g, 13.5 mmol) was added gradually while stirring.
The mixture was kept at room temperature for 18 h with continuous stirring. After the
reaction reached completion, it was quenched with ice-cold water, the precipitate
obtained was filtered and washed with water followed by aq. HCI1 (30%). The precipitate
was washed again with water, dried and recrystallized from methanol to get pure
compound (E)-1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)-3-(4-methoxyphenyl)prop-2-en-1-one 127b as yellow fluffy solid
(1.09 g, 83.4%).
Nature: Yellow fluffy solid; MP: 62 OC; Yield: 83.4%; '"H NMR (200 MHz, CDCl3): &
5 3.85 (s, 3H), 4.33 (s, 2H), 4.89 (s, 2H), 6.76-7.03 (m,
on 6H), 7.39 (d, J = 16 Hz, 1H), 7.55-7.73 (m, 3H),
NN ° ol 7.81-7.88 (m, 2H), 7.99 (d, J = 10 Hz, 2H), 8.06 (s,
1H); *C NMR (50 MHz, CDCl3): & 54.4, 55.0, 71.5,
74.4, 103.9 (t), 111.4 (d), 114.0, 114.1 (2C), 118.8,
122.2 (d), 127.2, 129.9 (2C), 130.2 (d), 130.3, 131.5, 143.9, 144.2, 150.8, 158.2 (dd),
161.3 (2C), 161.4 (2C), 163.4 (dd), 188.4; IR (Chloroform): 1601, 1656, 3327 cm™'; MS

F
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(ESI) m/z: 492.17 M + 1), 514.11 (M + Na). Anal. Caled. for C,;H»3F;N304: C, 65.98;
H, 4.72; N, 8.55 %. Found: C, 65.86; H, 4.86; N, 8.70 %.
The following compounds 127a, 127¢-127q, 128a-j, 137 and 138 were prepared by

using the procedure given for the preparation of compound 127b.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-3-phenylprop-2-en-1-one (127a)
Nature: Pale yellow solid; MP: 77 °C; Yield: 80.6%; '"H NMR (200 MHz, CDCl3): &
S 4.33 (s, 2H), 4.85 (s, 2H), 5.29 (bs, 1H), 6.73-6.95 (m,
on O & O 4H), 7.16-7.39 (m, 4H), 7.48 (d, J = 16 Hz, 1H), 7.57-
° 7.79 (m, 4H), 7.96 (d, J = 8 Hz, 2H), 8.06 (s, 1H); *C
NMR (50 MHz, CDCl;): 6 54.5, 71.6, 74.7, 104.1 (t),
111.6 (d), 1142 (2C), 121.3, 122.3 (d), 128.2 (20),
128.7 (2C), 129.1, 130.0 (d), 130.3, 130.6, 131.4, 134.6, 144.1, 144.2, 151.2, 158.3 (dd),
161.6, 163.4 (dd), 188.5; IR (Chloroform): 1601, 1657, 3373 cm™; MS (ESI) m/z:
462.06 (M + 1). Anal. Caled. for C,sHF,N3Os: C, 67.67; H, 4.59; N, 9.11 %. Found:
C, 67.53; H,4.71; N, 9.28 %.

/\
NN
N

{

F

F

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)-3-(2-methoxyphenyl)prop-2-en-1-one (127¢)
Nature: Pale yellow fluffy solid; MP: 84 °C: Yield: 81.3%; '"H NMR (200 MHz,

o CDCls): & 3.89 (s, 3H), 4.25-4.33 (m, 2H), 4.73 (bs, 2H),
=
oH O O 4.84 (d, J = 14 Hz, 1H), 4.92 (d, J = 14 Hz, 1H), 6.75-
Né\N (o) MeO
=K F 7.07 (m, 6H), 7.24 (d, J = 16 Hz, 1H), 7.43-7.69 (m, 5H),
7.85 (s, 1H), 8.04 (s, 1H); *C NMR (50 MHz, CDCl3): &
F

54.4, 552, 71.4, 74.4, 103.8 (1), 111.2, 111.3 (d), 114.6
(20), 120.0, 120.2, 122.4 (d), 124.8, 128.0, 128.8, 129.7 (2C), 129.9 (d), 132.4, 142.7,
144.1, 150.7, 157.5, 158.1 (dd), 159.6, 163.0 (dd), 192.7; IR (Chloroform): 1601, 1656,
3424 cm’'; MS (ESI) m/z: 492.04 (M + 1), 514.06 (M + Na). Anal. Calcd. for
Ca7H23FaN304: C, 65.98; H, 4.72; N, 8.55 %. Found: C, 65.85; H, 4.83; N, 8.73 %.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-

yDpropoxy)phenyl)-3-(3,5-dimethoxyphenyl)prop-2-en-1-one (127d)

Nature: Off-white solid; MP: 93 °C; Yield: 79.7%; "H NMR (200 MHz, CDCl5): & 3.82

(s, 6H), 4.32 (bs, 2H), 4.95 (bs, 2H), 5.43 (bs, 1H), 6.75-7.01 (m, 6H), 7.43 (d, J= 16 Hz,
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1H), 7.58-7.72 (m, 2H), 7.86-7.98 (m, 3H), 8.59 (s, 1H); *C NMR (50 MHz, CDCls): &
o 54.9, 55.3 (2C), 71.7, 74.7, 102.5, 104.2 (1), 106.2
= OMe
. oH o 20), 111.8 (d), 114.4 (2C), 122.0 (d), 122.1, 130.1
=k F Ome (d), 130.7 (20), 131.6, 136.7, 137.3, 144.2, 149.4,
158.9 (dd), 160.9 (2C), 161.7, 162.9 (dd), 188.6; IR
(Chloroform): 1602, 1660, 3363 cm™; MS (ESI)
m/z: 522.10 (M + 1). Anal. Caled. for CosHysFoN3Os: C, 64.49; H, 4.83; N, 8.06 %.
Found: C, 64.59; H, 4.91; N, 8.25 %.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yDpropoxy)phenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (127e)

Nature: Yellow fluffy solid; MP: 78 OC; Yield: 78.7%; 'H NMR (200 MHz, CDCl3): &
3.89 (s, 3H), 3.91 (s, 6H), 4.33 (s, 2H), 4.84 (bs,

(o]
on O 7 O M1 1H), 4.88 (s, 2H), 6.75-6.96 (m, 6H), 7.38 (d, J = 16
Né\N (0] OMe
' Lve Hz, 1H), 7.58-7.74 (m, 2H), 7.84 (s, 1H), 7.96-8.04

\=N F
(m, 3H); ®C NMR (50 MHz, CDCls): & 54.3, 55.0
(2C), 60.7, 71.6, 74.7, 104.1 (t), 105.3 (2C), 111.6
(d), 1142 (20), 120.7, 122.3 (d), 130.2, 130.4 (d), 130.6 (2C), 131.5, 140.4, 144.3,
151.3, 153.2 (2C), 158.1 (dd), 161.5 (2C), 163.3 (dd), 188.4; IR (Chloroform): 1602,
1658, 3393 cm™'; MS (ESI) m/z: 574.10 (M + Na). Anal. Calcd. for CoH,7F;N304: C,
63.15; H, 4.93; N, 7.62 %. Found: C, 63.33; H, 4.79; N, 7.49 %.

(E)-3-(4-Chlorophenyl)-1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-
1-yl)propoxy)phenyl)prop-2-en-1-one (127f)
Nature: White solid; MP: 132 °C; Yield: 81.4%; "H NMR (200 MHz, CDCls): & 4.11
o (s, 2H), 4.65 (s, 2H), 6.53-6.71 (m, 4H), 7.13 (d, J =8
oH Hz, 2H), 7.23 (d, J = 16 Hz, 1H), 7.29-7.52 (m, 4H),
; “1 759 (s, 1H), 7.74 (d, J = 10 Hz, 2H), 7.85 (s, 1H); "*C
NMR (50 MHz, CDCl; + DMSO-d¢): & 54.2, 71.5,
74.0, 103.7 (t), 111.1 (d), 114.1 (2C), 121.6, 122.5
(d), 128.7 (2C), 129.1 (2C), 129.8 (d), 130.3 (2C), 130.8, 132.9, 135.6, 142.2, 150.7,
158.2 (dd), 161.7 (2C), 163.4 (dd), 187.7; IR (Nujol): 1602, 1655, 3334 cm™; MS (ESI)
m/z: 497.11 (M + 1). Anal. Calcd. for CycH,(CIF,N303: C, 62.97; H, 4.07; N, 8.47 %.
Found: C, 62.83; H, 4.29; N, 8.29 %.

Né\

—_

N
/
N

T
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(E)-3-(2,4-Dichlorophenyl)-1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-
triazol-1-yl)propoxy)phenyl)prop-2-en-1-one (127g)
Nature: White fluffy solid; MP: 78 C; Yield: 82.3%; '"H NMR (200 MHz, CDCl3): 6
o 4.32 (bs, 2H), 4.84 (bs, 2H), 5.40 (bs, 1H), 6.72-6.90
oH (m, 5H), 7.18-7.42 (m, 3H), 7.54-7.75 (m, 3H), 7.87-
o0 ° “ “l 8.02 (m, 3H); *C NMR (50 MHz, CDCl3): § 54.3,
71.3,73.7, 103.5 (t), 110.9 (d), 113.9 (2C), 122.3 (d),
123.8, 126.9, 127.9, 129.2, 129.6 (d), 130.2, 130.3,
131.0, 135.1, 135.5, 137.6, 144.1, 150.2, 157.8 (dd), 161.6 (2C), 162.8 (dd), 187.2; IR
(Chloroform): 1602, 1660, 3392 cm™; MS (ESI) m/z: 531.05 (M + 1), 553.06 (M + Na).
Anal. Calcd. for C,sHoCl,F>N3;05: C, 58.88; H, 3.61; N, 7.92 %. Found: C, 58.97; H,
3.73; N, 7.83 %.

N

q

F

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-3-(4-(octyloxy)phenyl)prop-2-en-1-one (127h)
Nature: White solid; MP: 134 °C; Yield: 82.4%; "H NMR (200 MHz, CDCls): & 0.90
o (t, J = 6 Hz, 3H), 1.26-1.50 (m, 10H), 1.74-
G
o o-(CH2)7cH3 1.87 (m, 2H), 4.00 (t, J = 8 Hz, 2H), 4.33 (s,
F 2H), 4.71 (bs, 1H), 4.82-4.98 (m, 2H), 6.76-
6.98 (m, 6H), 7.40 (d, J = 16 Hz, 1H), 7.57-
7.71 (m, 3H), 7.78 (d, J = 16 Hz, 1H), 7.86 (s,
1H), 7.99-8.04 (m, 3H); *C NMR (50 MHz, CDCls): § 14.0, 22.5, 25.8, 29.1 (3C), 31.6,
544, 68.0, 71.7, 74.9, 104.2 (t), 111.7 (d), 114.2 (2C), 114.7 (2C), 118.9, 122.3 (d),
127.2, 130.0 (2C), 130.3 (d), 130.5 (2C), 132.0, 144.2 (2C), 151.5, 158.2 (dd), 161.1,
161.5, 163.1 (dd), 186.6; IR (Chloroform): 1601, 1655, 3420 cm’'; MS (ESI) m/z:
590.33 (M + 1).

Né\

—

N
/
N

€

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-3-(2-fluorophenyl)prop-2-en-1-one (127i)

o Nature: Pale yellow solid; MP: 145 C; Yield: 82.5%;
R O # O 'H NMR (200 MHz, CDCL): & 4.33 (s, 2H), 4.86 (s,
N ° ] 2H), 6.73-6.83 (m, 2H), 6.89 (d, J = 8 Hz, 2H), 7.04-
7.19 (m, 2H), 7.29-7.40 (m, 1H), 7.54-7.68 (m, 3H),

I

7.80 (s, 1H), 7.82 (d, J = 16 Hz, 1H), 7.95 (d, J = 8 Hz,

2H), 8.07 (s, 1H); *C NMR (100 MHz, CDCly): & 54.43, 71.8, 75.0, 104.2 (t), 111.8
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(d), 114.4 (2C), 122.3 (d), 122.8, 123.0, 124.3 (d), 129.7, 130.2 (d), 130.8 (2C), 131.5,
131.6, 131.7, 136.9, 144.3, 151.6, 158.9 (dd), 161.6 (d), 161.7, 162.9 (dd), 188.6; IR
(Chloroform): 1604, 1658, 3362 cm™; MS (ESI) m/z: 480.12 (M + 1), 502.08 (M + Na).
Anal. Calcd. for C,cHyoFsN303: C, 65.13; H, 4.20; N, 8.76 %. Found: C, 65.27; H,
4.07; N, 8.66 %.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-3-(thiophen-2-yl)prop-2-en-1-one (127j)

Nature: Off-white fluffy solid; MP: 72 °C; Yield: 83.3%; '"H NMR (200 MHz, CDCls):
0 4.33 (s, 2H), 4.87 (s, 2H), 5.03 (bs, 1H), 6.74-6.93 (m,
S| 4H), 7.04-7.09 (m, 1H), 7.25-7.41 (m, 3H), 7.57-7.89 (m,
N\:,g . 1H), 7.82 (s, 1H), 7.86-7.98 (m, 3H), 8.05 (s, 1H); *C
NMR (50 MHz, CDCl;): & 54.5, 71.8, 75.0, 104.2 (t),
111.8 (d), 114.3 (2C), 120.2, 122.3 (d), 128.2, 128.6,
130.1 (d), 130.6 (2C), 131.6, 131.9, 136.7, 140.2, 144.3, 151.3, 158.4 (dd), 161.6, 162.8
(dd), 187.9; IR (Chloroform): 1602, 1651, 3392 cm’'; MS (ESI) m/z: 468.12 (M + 1).
Anal. Calcd. for C,4HoF,N503S: C, 61.66; H, 4.10; N, 8.99 %. Found: C, 61.56; H,
4.22; N, 8.89 %.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-3-(naphthalen-2-yl)prop-2-en-1-one (127k)
o Nature: Yellow solid; MP: 103 °C; Yield: 83.2%;
on W "H NMR (200 MHz, CDCls): & 4.28 (d, J = 8 Hz,
. O OO 1H), 4.43 (d, J = 10 Hz, 1H), 5.01 (d, J = 14 Hz, 1H),
5.18 (d, J = 14 Hz, 1H), 6.79-6.88 (m, 2H), 6.96 (d, J
= 8 Hz, 2H), 7.47-7.61 (m, 5H), 7.71-8.00 (m, 8H),
8.22 (s, 1H); *C NMR (50 MHz, CDCly): & 54.8, 71.7, 74.8, 104.3 (1), 111.9 (d), 114.4
(2C), 121.6, 122.0 (d), 123.6, 126.6, 127.2, 127.7, 128.5 (2C), 128.6, 130.3 (d), 130.5,
130.7 (2C), 131.8, 132.3, 133.2, 134.2, 144.3, 149.5, 158.2 (dd), 161.6, 163.3 (dd),
188.5; IR (Chloroform): 1603, 1658, 3421 cm™'; MS (ESI) m/z: 512.09 (M + 1). Anal.
Calcd. for C;0H3F;N303: C, 70.44; H, 4.53; N, 8.21%. Found: C, 70.34; H, 4.69; N,
8.39 %.

o~
n” N
N

q

—

F

(E)-3-(Anthracen-9-yl)-1-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-

1-yl)propoxy)phenyl)prop-2-en-1-one (1271)
113



Chapter 2: Section |

Nature: Bright yellow fluffy solid; MP: 92 °C; Yield: 77.2%; '"H NMR (200 MHz,
CDCl3): & 4.08-4.19 (m, 2H), 4.56 (bs, 1H), 4.72-4.90
(m, 2H), 6.55 (d, J = 8 Hz, 2H), 6.74-6.91 (m, 2H),
7.34-7.63 (m, 8H), 7.83-7.96 (m, 4H), 7.99 (s, 1H),
8.03-8.12 (m, 2H), 8.31 (s, 1H); *C NMR (100 MHz,
CDCly): & 54.3, 71.6, 75.1, 104.3 (t), 111.9 (d), 113.7
(20), 114.6, 122.2 (d), 125.0, 125.4 (2C), 125.7, 126.3, 127.1, 128.3, 128.7 (2C), 128.8,
129.6, 130.2 (d), 130.5 (2C), 130.6, 131.0, 131.3, 138.6, 141.4, 144.3, 151.8, 159.6 (dd),
161.2, 162.3 (dd), 190.8; IR (Chloroform): 1602, 1658, 3421 cm’'; MS (ESI) m/z:
562.10 (M + 1). Anal. Calcd. for Cs;4H,sF,N;305: C, 72.72; H, 4.49; N, 7.48 %. Found:
C,72.63;H,4.61; N, 7.36 %.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)-3-(1-methyl-1H-indol-3-yl)prop-2-en-1-one (127m)
Nature: Yellow solid; MP: 123 °C; Yield: 80.7%; "H NMR (200 MHz, CDCl): § 3.82
5 (s, 3H), 4.31-4.39 (m, 2H), 4.85 (d, J = 10 Hz, 1H),
oH 4.94 (d, J = 10 Hz, 1H), 6.76-6.97 (m, 4H), 7.28-7.39
(F) ,\'h,:e (m, 4H), 7.52 (d, J = 16 Hz, 1H), 7.59-7.71 (m, 1H),
7.85 (s, 1H), 7.98-8.10 (m, 5H); *C NMR (50 MHz,
CDCl3): 6 32.9, 54.3, 71.6, 74.2, 103.7 (t), 109.8,
111.2 (d), 112.4, 114.0 (2C), 115.9, 120.2, 121.1, 122.5 (d), 122.7, 125.6, 130.0 (3C),
130.2 (d), 132.0, 134.3, 137.8, 144.3, 150.8, 158.7 (dd), 161.2, 162.6 (dd), 188.4; IR
(Nujol): 1601, 1642, 3395 cm™'; MS (ESI) m/z: 515.04 (M + 1), 537.06 (M + Na). Anal.
Calcd. for CyoH,4F,N4O5: C, 67.70; H, 4.70; N, 10.89 %. Found: C, 67.81; H, 4.55; N,
10.79%.
(E)-1-(4-(2-(4-Fluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-3-

%,

F

(4-methoxyphenyl)prop-2-en-1-one (127n)
Nature: Pale brown solid; MP: 121 °C; Yield: 80.1%; 'H NMR (200 MHz, CDCl3): 6
o 3.86 (s, 3H), 4.14 (d, J = 10 Hz, 1H), 4.21 (d, J =10
on Hz, 1H), 4.47 (bs, 1H), 4.62 (d, J = 14 Hz, 1H), 4.78
e 1 (d,3=14 Hz, 1H), 6.91-6.98 (m, 4H), 7.01-7.13 (m,
2H), 7.40 (d, J = 16 Hz, 1H), 7.49-7.64 (m, 4H), 7.78
(d, =16 Hz, 1H), 7.89-8.04 (m, 4H); *C NMR (50
MHz, CDCly): & 55.3, 55.9, 72.2, 74.8, 114.2 (2C), 114.3 (2C), 115.2, 115.6, 119.1,
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127.1, 127.3, 127.4, 130.1 (2C), 130.6 (2C), 132.0, 135.8, 144.2 (2C), 151.5, 161.3,
161.5, 162.3 (d), 188.7; IR (Chloroform): 1600, 1656, 3393 cm’; MS (EST) m/z: 474.13
(M + 1). Anal. Caled. for C»;H,4FN;04: C, 68.49; H, 5.11; N, 8.87 %. Found: C, 68.56;
H, 5.20; N, 8.79 %.

(E)-3-(4-Chlorophenyl)-1-(4-(2-(4-fluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)prop-2-en-1-one (1270)
Nature: Yellow solid; MP: 130 °C; Yield: 79.2%; "H NMR (200 MHz, CDCl3):  4.14
5 (d, J =10 Hz, 1H), 4.21 (d, J = 10 Hz, 1H), 4.50 (bs,
on 1H), 4.62 (d, J = 14 Hz, 1H), 4.78 (d, J= 14 Hz, 1H),
° N 6.93-7.11 (m, 4H), 7.35-7.60 (m, 7H), 7.75 (d, J = 16
Hz, 1H), 7.89-8.03 (m, 4H); “C NMR (50 MHz,
CDCls): & 55.9, 72.2, 74.7, 114.3 (2C), 115.1, 115.5,
121.7, 127.1, 127.3, 129.0 (2C), 129.4 (2C), 130.7 (2C), 131.4, 133.1, 135.8, 136.1,
142.7, 144.3, 151.3, 161.5, 162.2 (d), 188.2; IR (Chloroform): 1606, 1659, 3420 cm;
MS (ESI) m/z: 478.04 (M + 1). Anal. Caled. for C,sH,;CIFN;O;: C, 65.34; H, 4.43; N,
8.79 %. Found: C, 65.48; H, 4.31; N, 8.89 %.

Né\

—

12

=

(E)-1-(4-(2-(4-Bromophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-3-
(4-methoxyphenyl)prop-2-en-1-one (127p)
S Nature: Yellow solid; MP: 134 °C; Yield: 79.3%;
on '"H NMR (200 MHz, CDCls): & 3.86 (s, 3H), 4.11-
' Ml 421 (m, 2H), 4.60 (d, J = 14 Hz, 1H), 4.77 (d, 1 = 14
Hz, 1H), 6.90-6.96 (m, 4H), 7.34-7.53 (m, 5H), 7.59
(d, J = 8 Hz, 2H), 7.77 (d, J = 16 Hz, 1H), 7.91 (s,
1H), 7.99 (s, 1H), 8.00 (d, J = 8 Hz, 2H); *C NMR (50 MHz, CDCl3): & 55.3, 55.7,
72.1, 75.0, 114.3 (3C), 119.2, 122.5, 127.2 (2C), 127.6, 130.1 (2C), 130.7 (2C), 131.7
(20), 132.2, 139.1, 140.3, 144.4, 151.9 (2C), 161.2, 161.6, 188.7; IR (Chloroform):
1600, 1660, 3420 cm™; MS (ESI) m/z: 557.07 (M + Na). Anal. Caled. for
Ca7H24BrN;04: C, 60.68; H, 4.53; N, 7.86 %. Found: C, 60.82; H, 4.38; N, 7.92 %.

Br

(E)-1-(4-(2-(4-Fluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-3-
(thiophen-2-yl)prop-2-en-1-one (127q)
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Nature: Golden solid; MP: 108 °C; Yield: 78.4%; "H NMR (200 MHz, CDCl3): § 4.14

OH /

120.2, 127.2, 127.3, 128.2, 128

(d, J=10 Hz, 1H), 4.21 (d, J = 10 Hz, 1H), 4.62 (d, J =
14 Hz, 1H), 4.78 (d, J = 14 Hz, 1H), 6.93 (d, J = 10 Hz,
2H), 7.02-7.12 (m, 3H), 7.35-7.43 (m, 3H), 7.47-7.57
(m, 2H), 7.88-8.03 (m, 5H); “C NMR (50 MHz,
CDCLy): & 55.9, 72.2, 74.8, 114.3 (2C), 115.3, 115.5,

.6, 130.6 (2C), 131.6, 132.0, 135.8, 136.8, 140.2, 144.2,

151.5, 161.4, 162.3 (d), 188.0; IR (Chloroform): 1602, 1650, 3393 cm™'; MS (ESI) m/z:
450.12 (M + 1), 472.14 (M + Na). Anal. Caled. for Co;H20FN;05S: C, 64.13; H, 4.48;

N, 9.35 %. Found: C, 64.26; H,

4.30; N, 9.49 %.

(E)-1-(2,4-Dichlorophenyl)-3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2.,4-

triazol-1-yl)propoxy)phenyl)prop-2-en-1-one (128a)
Nature: Yellow fluffy solid; MP: 78 °C; Yield: 81.1%; '"H NMR (200 MHz, CDCls): o

(0]
XN
o
Né\ll\j (o) Cl Cl

\=N F

427 (s, 2H), 4.82 (s, 2H), 5.22 (bs, 1H), 6.71-6.84
(m, 4H), 6.92 (d, J = 16 Hz, 1H), 7.25-7.46 (m, 6H),
7.53-7.62 (m, 1H), 7.75 (s, 1H), 8.04 (s, 1H); *C
NMR (50 MHz, CDCly): & 54.4, 71.6, 74.7, 104.0 (1),

111.6 (d), 114.9 (2C), 122.3 (d), 123.9, 127.0, 127.5,

129.9, 130.0 (d), 130.1, 130.2 (2C), 132.0, 136.5, 137.2, 144.2, 146.0, 151.2, 158.3 (dd),
160.2, 163.2 (dd), 192.3; IR (Chloroform): 1603, 1660, 3382 cm™; MS (ESI) m/z:

531.06 (M + 1). Anal. Caled.

for C,sHi9CLLF2N3O3: C, 58.88; H, 3.61; N, 7.92 %.

Found: C, 58.76; H, 3.74; N, 7.83 %.

(E)-3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-

y)propoxy)phenyl)-1-(4-methoxyphenyl)prop-2-en-1-one (128b)

Nature: White solid; MP: 128

°C; Yield: 82.7%; "H NMR (200 MHz, CDCl3): & 3.89

Né\

—_

£

N
/
N

(s, 3H), 4.25-4.33 (m, 2H), 4.71 (bs, 1H), 4.81-4.96

(6]
A
e (m, 2H), 6.76-7.00 (m, 6H), 7.43 (d, I = 16 Hz, 1H),
F

7.56-7.66 (m, 3H), 7.75 (d, J = 16 Hz, 1H), 7.86 (s,
1H), 8.00-8.05 (m, 3H); “C NMR (50 MHz,

CDCly): § 54.3, 55.4, 71.5, 74.3, 104.2 (t), 111.6 (d),

114.0, 114.2 (2C), 118.9, 122.5 (d), 127.1, 129.2 (2C), 130.1 (d), 130.3, 131.7, 143.7,

144.1, 151.2, 158.3 (dd), 161.3

(20), 161.9 (2C), 163.2 (dd), 188.6; IR (Chloroform):
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1601, 1657, 3379 cm™'; MS (ESI) m/z: 492.10 (M + 1). Anal. Caled. for Cy7H3F,N304:
C,65.98; H,4.72; N, 8.55 %. Found: C, 65.87; H, 4.86; N, 8.67 %.

(E)-3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)-1-(p-tolyl)prop-2-en-1-one (128c)
Nature: White solid; MP: 124 °C; Yield: 83.4%; "H NMR (200 MHz, CDCls): & 2.43
o (s, 3H), 4.25-4.34 (m, 2H), 4.77 (s, 1H), 4.80-4.96
o Me (m, 2H), 6.75-6.93 (m, 4H), 7.30 (d, J = 10 Hz, 2H),
F 7.41 (d, J =16 Hz, 1H), 7.55-7.66 (m, 3H), 7.75 (d, J
= 16 Hz, 1H), 7.85 (s, 1H), 7.92 (d, J = 8 Hz, 2H),
8.04 (s, 1H); *C NMR (50 MHz, CDCls): & 21.5,
54.5, 71.7, 75.0, 104.2 (1), 111.6 (d), 114.9 (2C), 120.1, 122.3 (d), 128.4 (3C), 129.2
(2C), 130.0 (2C), 130.2 (d), 135.8, 143.4, 143.7, 144.3, 151.8, 158.3 (dd), 159.8, 163.4
(dd), 189.9; IR (Chloroform): 1603, 1657, 3363 cm™; MS (ESI) m/z: 476.06 (M + 1).
Anal. Caled. for Co;H,3F,N305: C, 68.20; H, 4.88; N, 8.84 %. Found: C, 68.37; H,
4.69; N, 8.91 %.

N%

—

N
/
N

T

(E)-3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-1-(4-(octyloxy)phenyl)prop-2-en-1-one (128d)

5 Nature: Off-white solid; MP: 108 0C; Yield:
o 81.3%; "H NMR (200 MHz, CDCls): § 0.89
N ° O7(CHICHsl (¢ J = 6 Hz, 3H), 1.28-1.51 (m, 10H), 1.75-
1.88 (m, 2H), 4.04 (t, J = 8 Hz, 2H), 4.25-
4.35 (m, 2H), 4.72 (bs, 1H), 4.80-4.96 (m,
2H), 6.75-6.98 (m, 6H), 7.43 (d, J = 16 Hz, 1H), 7.55-7.65 (m, 3H), 7.75 (d, J = 16 Hz,
1H), 7.85 (s, 1H), 7.99-8.04 (m, 3H). *C NMR (50 MHz, CDCly): & 13.9, 22.5, 25.8,
28.9, 29.1 (2C), 31.6, 54.5, 68.1, 71.7, 74.9, 104.1 (t), 111.7 (d), 114.1 (2C), 114.9 (2C),
119.9, 122.4 (d), 128.5, 129.9 (2C), 130.0 (d), 130.6 (2C), 130.7, 143.2, 144.3, 151.4,
158.2 (dd), 159.7, 162.9, 163.2 (dd), 188.5; IR (Chloroform): 1599, 1657, 3406 cm';
MS (ESI) m/z: 590.13 (M + 1). Anal. Caled. for C;4H37F,N304: C, 69.25; H, 6.32; N,
7.13 %. Found: C, 69.12; H, 6.47; N, 7.29 %.

F

(E)-3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-one (128e)

117



Chapter 2: Section |

Nature: Bright green fluffy solid; MP: 87 °C; Yield: 78.1%; '"H NMR (200 MHz,
5 CDCls): & 3.85 (s, 6H), 4.30 (d, J = 8 Hz, 1H), 4.33
A
o O O (d, J =8 Hz, 1H), 4.83 (d, J = 12 Hz, 1H), 4.88 (d, J
NN o) OMe
\= F o oMe =12 Hz, 1H), 5.11 (bs, 1H), 6.75-6.83 (m, 2H), 6.87
(d, J = 8 Hz, 1H), 6.95 (d, J = 8 Hz, 2H), 7.10-7.16
(m, 2H), 7.39 (d, J = 15 Hz, 1H), 7.56-7.61 (m, 1H),
7.69 (d, J =15 Hz, 1H), 7.77 (s, 1H), 8.00 (d, J = 8 Hz, 2H), 8.08 (s, 1H); *C NMR (125
MHz, CDCls): & 54.5, 55.3, 55.8, 73.7, 74.9, 104.0 (t), 111.1, 111.6 (d), 113.6 (2C),
115.3, 120.4, 122.3, 122.4 (d), 129.7 (2C), 130.0 (d), 130.6, 130.9, 143.5, 144.3, 149.6,
149.8, 151.3, 158.9 (dd), 162.7 (dd), 163.2, 188.5; IR (Chloroform): 1601, 1656, 3442
cm’; MS (EST) m/z: 522.16 (M + 1). Anal. Calcd. for C,sH,5F,N30s: C, 64.49; H, 4.83;
N, 8.06 %. Found: C, 64.56; H, 4.70; N, 8.22 %.

F

(E)-4-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)but-3-en-2-one (128f)
Nature: Pale yellow semisolid; Yield: 47.3%; '"H NMR (200 MHz, CDCl3): 8 2.35 (s,
0 3H), 4.28 (s, 2H), 4.79-4.94 (m, 2H), 6.59 (d, J = 16 Hz,
o QM 1 1H), 6.74-6.89 (m, 5H), 7.40-7.48 (m, 2H), 7.56-7.69 (m,
\=N F 1H), 7.82 (s, 1H), 8.04 (s, 1H); *C NMR (50 MHz,
CDCly): & 27.2, 54.5, 71.7, 74.8, 104.2 (t), 111.7 (d),
114.9 (20), 122.3 (d), 125.3, 127.8, 129.8 (2C), 130.0 (d),
142.8, 144.3, 151.5, 158.2 (dd), 159.8, 163.2 (dd), 198.3; IR (Chloroform): 1601, 1664,
3363 cm™'; MS (ESI) m/z: 422.12 (M + Na). Anal. Caled. for Cy;H 9F,N;0;: C, 63.15;
H, 4.80; N, 10.52 %. Found: C, 63.28; H, 4.68; N, 10.41 %.

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propoxy)phenyl)oct-1-en-3-one (128g)
Nature: Pale pink semisolid; Yield: 28.3%; '"H NMR (200 MHz, CDCls): & 0.91 (t, J =

S 6 Hz, 3H), 1.22-1.38 (m, 4H), 1.60-1.71 (m, 2H), 2.63
on OA\*meCHs (t, J = 8 Hz, 2H), 4.26-4.32 (m, 2H), 4.65 (s, 1H),
@ . 4.80-4.96 (m, 2H), 6.63 (d, J = 16 Hz, 1H), 6.78-6.92
(m, 4H), 7.46-7.54 (m, 3H), 7.57-7.67 (m, 1H), 7.86

I

(s, 1H), 8.03 (s, 1H); *C NMR (50 MHz, CDCls): &
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13.8,22.4,24.0,31.4,40.7, 54.4,71.7, 75.0, 104.2 (t), 111.8 (d), 114.9 (2C), 122.3 (d),
124.5, 128.1, 129.8 (2C), 130.2 (d), 141.6, 144.3, 151.6, 158.8 (dd), 159.7, 162.8 (dd),
200.6; IR (Chloroform): 1600, 1642, 3420 cm’'; MS (EST) m/z: 456.13 (M + 1).

(E)-1-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)heptadec-1-en-3-one (128h)
Nature: White solid; MP: 78 °C; Yield: 26.7%; "H NMR (200 MHz, CDCl;): & 0.87 (t,
5 J = 6 Hz, 3H), 1.19-1.30 (m, 22H), 1.61-1.66 (m,
on OM(CHZ)BCHS 2H), 2.61 (t, J = 6 Hz, 2H), 4.27 (s, 2H), 4.85 (s, 2H),
CF) 4.90 (bs, 1H), 6.63 (d, J = 16 Hz, 1H), 6.77-6.87 (m,
4H), 7.45-7.49 (m, 3H), 7.59-7.65 (m, 1H), 7.81 (s,
1H), 8.04 (s, 1H); *C NMR (50 MHz, CDCl;): &
14.07, 22.6, 24.3, 29.2 (2C), 29.3, 29.4, 29.5 (5C), 31.8, 40.8, 54.4, 71.7, 75.0, 104.2 (1),
111.8 (d), 114.9 (2C), 122.3 (d), 124.5, 128.0, 129.8 (2C), 130.1 (d), 141.6, 144.3, 151.6,
158.8 (dd), 159.7, 162.8 (dd), 200.7; IR (Chloroform): 1600, 1647, 3393 cm™'; MS (ESI)
m/z: 582.28 (M + 1).

(E)-1-Cyclopropyl-3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yDpropoxy)phenyl)prop-2-en-1-one (128i)
Nature: Yellow solid; MP: 60 °C; Yield: 41.3%; 'H
on O/\)JW NMR (200 MHz, CDCls): 6 0.91-1.03 (m, 2H), 1.11-1.19
‘F’ (m, 2H), 2.16-2.26 (m, 1H), 4.23-4.33 (m, 2H), 4.71 (s,
1H), 4.80-4.95 (m, 2H), 6.72-6.92 (m, 5H), 7.50 (d, J = 8
£ Hz, 2H), 7.57-7.69 (m, 2H), 7.85 (s, 1H), 8.04 (s, 1H);
BC NMR (125 MHz, CDCly): & 11.8 (2C), 19.5, 54.5, 71.7, 75.0, 104.2 (t), 111.8 (d),
114.9 (2C), 122.4 (d), 124.6, 128.1, 129.8 (2C), 130.1 (d), 141.3, 144.3, 151.5, 158.8
(dd), 159.7, 162.8 (dd), 200.0; IR (Chloroform):, 1600, 1670, 3365 cm™'; MS (ESI) m/z:
426.10 (M + 1). Anal. Calcd. for Cy3H,F2N30s: C, 64.93; H, 4.98; N, 9.88 %. Found:
C, 64.86; H, 5.13; N, 9.96 %.

(E)-3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxyphenyl)acrylaldehyde (128j)

Nature: Golden solid; MP: 135 °C; Yield: 48.5%; "H NMR (200 MHz, CDCl;): & 3.88
(s, 3H), 4.28-4.38 (m, 2H), 4.77-4.95 (m, 3H), 6.56-6.67 (dd, J = 16, 8 Hz, 1H), 6.75-

6.89 (m, 2H), 6.93 (d, J = 8 Hz, 1H), 7.07-7.15 (m, 2H), 7.40 (d, J = 16 Hz, 1H), 7.55-
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7.67 (m, 1H), 7.82 (s, 1H), 8.06 (s, 1H), 9.67 (d, J = 8 Hz, 1H); *C NMR (50 MHz,
| CDCl): 8545, 558, 73.5, 749, 104.1 (1), 110.7, 1117 (d),
PN OQM 115.0, 122.3 (d), 122.9, 127.2, 128.5, 130.0 (d), 149.9,
150.4, 151.4, 152.2, 158.7 (dd), 160.5, 162.6 (dd), 193.4;
I IR (Chloroform): 1620, 1672, 3328 cm™; MS (ESI) m/z:
416.02 (M + 1).

(E)-1,3-Bis(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)prop-2-en-1-one (137)
Nature: Yellow fluffy solid; MP: 97 OC; Yield: 80.7%; '"H NMR (200 MHz, CDCls): &
° 4.19-4.34 (m, 4H), 4.79-4.88 (m, 4H), 5.16
oH OH (bs, 2H), 6.73-6.93 (m, 8H), 7.53 (d, J =16
° T N2 | Hz 1H), 749775 (m, 5H), 7.79 (s, 2H),
7.94 (d, J = 8 Hz, 2H), 8.05 (s, 2H); “C
NMR (50 MHz, CDCls): § 54.6 (2C), 71.7
(2C), 74.7 (2C), 104.2 (t, 2C), 111.7 (d, 2C), 114.2 (2C), 114.8 (2C), 119.6, 122.4 (d,
2C), 128.3, 130.0 (2C), 130.3 (d, 2C), 130.5 (2C), 131.7, 143.7, 144.2 (2C), 151.2 ,
158.3 (dd, 2C), 159.8, 161.6 (2C), 163.3 (dd, 2C), 188.5; IR (Chloroform): 1601, 1657,
3379 cm™'; MS (ESI) m/z: 715.03 (M + 1), 737.03 (M + Na).

N4\

N
\=N

(2E,5E)-2,5-Bis(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propoxy)benzylidene)cyclopentanone (138)

Nature: Bright yellow fluffy solid; MP:

(o]
~ N 105 °C; Yield: 83.3%; 'H NMR (200
OH OH  ,=n ’ (
N o o N 2| MHz, CDCly): § 3.05 (s, 4H), 4.18-4.35
\=N F F

(m, 4H), 4.80-4.95 (m, 6H), 6.76-6.94
(m, 8H), 7.45-7.70 (m, 6H), 7.85 (s,
2H), 8.05 (s, 2H); *C NMR (50 MHz, CDCls): § 26.2 (2C), 54.6 (2C), 71.7 (2C), 75.0
(2C), 104.2 (t, 2C), 111.8 (d, 2C), 114.8 (4C), 122.4 (d, 2C), 129.4 (2C), 130.1 (d, 20),
132.4 (2C), 133.0 (2C), 135.5 (2C), 144.3 (2C), 151.5 (2C), 158.3 (dd, 2C), 158.8 (4C),
163.3 (dd, 2C), 196.1; IR (Chloroform): 1618, 1689, 3329 cm’'; MS (ESI) m/z: 789.10
(M + Na). Anal. Caled. for C4H34F4sN¢Os: C, 64.23; H, 4.47; N, 10.96 %. Found: C,
64.41; H, 4.59; N, 11.15 %.

Preparation of 2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)pent-4-en-2-o0l (142)
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In a round bottom flask, allyl bromide (8.02 ml, 0.095 mol) was added to a stirred zinc
powder (14.33 gm, 0.219 mol) suspended in THF (150 mL) and after
stirring for 10-15 minutes at RT, 1-(2,4-difluorophenyl)-2-(1H-1,2,4-

OH
=

$)

F

triazol-1-yl)ethanone (15.00 gm, 0.073 mol) was added. The mixture

=

was stirred at RT for 3 hours and reaction was monitored by TLC (ethyl
acetate-pet ether, 80:20). After completion of reaction, it was quenched with 15 mL sat
NH4CI solution followed by addition of water (50 mL). It was then extracted with ethyl
acetate (3 x 40 mL), the organic layer was dried over Na,SQOy4, concentrated and purified by
column chromatography to give pure 2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)pent-
4-en-2-o0l 142 as pale yellow semisolid (15.6 g, 86.3%).
Nature: Pale yellow semisolid; Yield: 86.3%; "H NMR (200 MHz, CDCl;): & 2.51 (dd,
J=14,2 Hz, 1H), 2.82 (dd, J =8, 2 Hz, 1H), 4.43 (bs, 1H), 4.50 (d, J = 14 Hz, 1H), 4.75
(d, J =14 Hz, 1H), 5.04-5.15 (m, 2H), 5.56-5.77 (m, 1H), 6.70-6.83 (m, 1H), 7.38-7.50
(m, 1H), 7.82 (s, 1H), 7.95 (s, 1H); *C NMR (50 MHz, CDCLy): § 42.6, 57.0, 74.8,
103.9 (1), 111.2 (d), 119.5, 124.7 (d), 129.6 (d), 131.6, 144.1, 150.8, 157.9 (dd), 162.2.
IR (Chloroform): 1618, 3429 cm™; MS (ESI) m/z: 266.03 (M + 1).
Preparation of 3-(2,4-difluorophenyl)-3-hydroxy-4-(1H-1,2,4-triazol-1-yl)butanal
(140)
To a stirred solution of 2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)pent-4-en-2-ol
(142) (2.65 g, 0.01 mol) dissolved in 20 mL of t-butanol and water (1:1), was added 0.039
molar OsQOy in t-butanol (0.5 mL). The mixture was stirred for five minutes, then NaHCO3
(3.36 g, 0.04 mol) was added followed by NalO4 (21.3 g, 0.1 mol) and allowed to stirr at
RT for 7 h. After completion of reaction, it was quenched with 10 ml sat NH4Cl solution
followed by addition of water (30 mL). It was then extracted with ethyl acetate (3 x 30
mL), the organic layer was dried over Na,SO4, concentrated and purified by column
chromatography to give pure compound 3-(2,4-difluorophenyl)-3-hydroxy-4-(1H-1,2,4-
triazol-1-yl)butanal 140 as pale yellow semisolid (2.33 g, 87.3%).
Nature: Pale yellow semisolid; Yield: 87.3%; "H NMR (200 MHz, CDCl;): & 2.82 (d, J
o =16 Hz, 1H), 3.23 (d, J = 16 Hz, 1H), 4.58 (s, 2H), 5.23 (bs, 1H),
1 6.75-6.90 (m, 2H), 7.50-7.63 (m, 1H), 7.85 (s, 1H), 8.01 (s, 1H), 9.65
(t, J = 2 Hz, 1H); *C NMR (50 MHz, CDCL): & 49.6, 56.8, 73.3,
104.3 (t), 111.7 (d), 123.8 (d), 129.3 (d), 144.3, 151.4, 158.0 (dd),
163.0 (dd), 200.8; IR (Chloroform): 1617, 1723, 3417 cm™'; MS (ESI) m/z: 268.10 (M +

1.

=
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Preparation of (E)-5-(2,4-difluorophenyl)-5-hydroxy-1-phenyl-6-(1H-1,2,4-triazol-1-
yDhex-2-en-1-one (139a)

A mixture of 3-(2,4-difluorophenyl)-3-hydroxy-4-(1H-1,2,4-triazol-1-yl)butanal 140
(266 mg, 1 mmol) and 1-phenyl-2-(triphenylphosphoranylidene)ethanone 141a (380 mg,
1 mmol) was stirred in dichloromethane (8 mL) at RT for 3 h. After completion of
reaction, it was extracted with dichloromethane and purified by column chromatography
to give pure compound (E)-5-(2,4-difluorophenyl)-5-hydroxy-1-phenyl-6-(1H-1,2,4-
triazol-1-yl)hex-2-en-1-one 139a as off-white solid (238 mg, 64.4%).

Nature: Off-white solid; MP: 97 °C; Yield: 64.4%; '"H NMR (200 MHz, CDCls): &
2.78 (dd, J = 14, 8 Hz, 1H), 3.02 (dd, J = 14, 8 Hz, 1H), 4.55
(d,J=14 Hz, 1H), 4.78 (d, J = 14 Hz, 1H), 5.12 (bs, 1H), 6.73-
6.87 (m, 4H), 7.37-7.58 (m, 4H), 7.75-7.81 (m, 2H), 7.83 (s,
1H), 7.97 (s, 1H); ®C NMR (125 MHz, CDCl;): & 41.5, 56.8,
75.3, 104.1 (t), 111.7 (d), 124.2, (d), 128.4 (2C), 128.5 (2C), 129.5, 129.9 (d), 132.8,
137.3, 142.2, 144.1, 151.1, 158.2 (dd), 162.6 (dd), 190.4; IR (Chloroform): 1618, 1669,
3422 cm']; MS (ESI) m/z: 370.06 (M + 1). Anal. Caled. for CyH;7F,N;0,: C, 65.03; H,
4.64; N, 11.38 %. Found: C, 65.19; H, 4.49; N, 11.27 %.

The following compounds 139b-139d were prepared by using the procedure given for

the preparation of compound 139a.

(E)-5-(2,4-Difluorophenyl)-5-hydroxy-1-(p-tolyl)-6-(1H-1,2,4-triazol-1-yl)hex-2-en-
1-one (139b)

Nature: White solid; MP: 90 °C; Yield: 65.8%; "H NMR (200 MHz, CDCls): & 2.39 (s,
vel 3H), 2.72-2.82 (m, 1H), 2.97-3.06 (m, 1H), 4.54 (d, J = 14
Hz, 1H), 4.78 (d, J = 14 Hz, 1H), 5.08 (bs, 1H), 6.72-6.86
(m, 4H), 7.22 (d, J = 8 Hz, 2H), 7.42-7.54 (m, 1H), 7.69 (d,
J = 8 Hz, 2H), 7.83 (s, 1H), 7.97 (s, 1H); *C NMR (100
MHz, CDCls): 8 21.5, 41.5, 56.8, 75.3, 104.1 (t), 111.7 (d), 124.3 (d), 128.6 (2C), 129.1
(20), 129.5, 129.9 (d), 134.7, 141.5, 143.7, 144.0, 151.9, 158.2 (dd), 162.7 (dd), 189.8;
IR (Chloroform): 1617, 1671, 3428 cm™; MS (ESI) m/z: 384.10 (M + 1). Anal. Calcd.
for C, H9F,N30,: C, 65.79; H, 5.00; N, 10.96%. Found: C, 65.87; H, 4.91; N, 11.10 %.
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(E)-1-(4-Bromophenyl)-5-(2,4-difluorophenyl)-5-hydroxy-6-(1H-1,2,4-triazol-1-
y)hex-2-en-1-one (139¢)

Nature: Pale yellow semisolid; Yield: 63.2%; "H NMR (200 MHz, CDCl5): & 2.78 (dd,
J =14, 8 Hz, 1H), 3.01 (dd, J = 14, 8 Hz, 1H), 4.54 (d, J =
14 Hz, 1H), 4.78 (d, J= 14 Hz, 1H), 5.16 (bs, 1H), 6.72-6.94
(m, 4H), 7.40-7.69 (m, 5H), 7.84 (s, 1H), 7.96 (s, 1H); °C
NMR (125 MHz, CDCls): 6 41.7, 56.7, 75.4, 104.3 (t),
112.0 (d), 122.2 (d), 128.1 (2C), 128.6 (2C), 129.4, 130.2
(d), 133.3, 137.6, 141.9, 144.5, 150.5, 158.3 (dd), 163.1 (dd), 187.3; IR (Chloroform):
1618, 1670, 3420 cm™; MS (ESI) m/z: 449.07 (M + 1). Anal. Caled. for
CooH16BrF;N50;: C, 53.59; H, 3.60; N, 9.37 %. Found: C, 53.46; H, 3.69; N, 9.45 %.

Br

(E)-1,5-Bis(2,4-difluorophenyl)-5-hydroxy-6-(1H-1,2,4-triazol-1-yl)hex-2-en-1-one
(139d)

Nature: Yellow thick liquid; Yield: 60.7%; '"H NMR (400 MHz, CDCl3): ¢ 2.76 (dd, J
=14, 8 Hz, 1H), 2.99 (dd, J = 14, 8 Hz, 1H), 4.53 (d, J =16
Hz, 1H), 4.75 (d, J = 16 Hz, 1H), 5.11 (bs, 1H), 6.67-6.94 (m,
5H), 7.43-7.55 (m, 1H), 7.60-7.71 (m, 2H), 7.82 (s, 1H), 7.95
(s, 1H); *C NMR (100 MHz, CDCly): & 41.4, 56.8, 75.3,
104.1 (t), 104.5 (t), 111.6 (d), 112.0 (d), 122.7 (d), 124.2 (d), 129.8 (d), 132.2, 132.7 (d),
142.7, 144.0, 151.8, 158.2 (dd), 161.8 (dd), 163.5 (dd), 165.4 (dd), 186.9; IR
(Chloroform): 1617, 1670, 3417 cm™'; MS (ESI) m/z: 428.10 (M + Na). Anal. Calcd. for
C20Hi5F4N30,: C, 59.26; H, 3.73; N, 10.37 %. Found: C, 59.41; H, 3.60; N, 10.29 %.

Preparation of 1,3-dichloro-2-(2,4-difluorophenyl)propan-2-ol (146)58
A solution of 1-bromo-2,4-difluorobenzene 145 (5.0 g, 25.9 mol) in THF (20 mL) was

OH added to magnesium powder (0.621 g, 25.9 mol) at 0°C over 2 minutes.

Cl
‘ Fr | After stirring at 0°C for 5-10 minutes, dichloroacetone (3.29 g, 25.9 mol)

dissolved in THF (10 mL) was slowly added at 0°C over 5 minutes. The

reaction mixture was allowed to stir at RT for 4 h. After completion of
reaction, it was quenched with 10-15 mL of sat NH4Cl solution followed by addition of
water (30 mL). It was then extracted with ethyl acetate (3 x 30 ml), the organic layer was
dried over Na,SOj, concentrated and purified by column chromatography to give 1,3-
dichloro-2-(2,4-difluorophenyl)propan-2-ol 146 as off-white semisolid (1.83 g, 29.4%)).

Nature: Off-white semisolid; Yield: 29.4%; "H NMR (200 MHz, CDCl3): & 4.04 (s,

4H), 6.78-7.00 (m, 2H), 7.63-7.55 (m, 1H).
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Preparation of 1,1'-(((2-(2,4-difluorophenyl)-2-hydroxypropane-1,3-
diyl)bis(oxy))bis(4,1-phenylene))diethanone (147)
To the flame-dried K,COs; (2.14 g, 1556 mmol), 1,3-dichloro-2-(2,4-

difluorophenyl)propan-2-ol 146 (1.5 g, 6.22 mmol)
Hst\@ on /©)\ cH; | and 4-hydoxyacetophenone 131 (1.69 g, 12.44 mmol)
© CF) dissolved in dry ethyl acetate (15 mL) were added.

The reaction mixture was allowed to stir at reflux
F

temperature for 8 h under nitrogen atmosphere. It was
then cooled to room temperature, diluted with water, extracted with ethyl acetate, dried
over Na,SO,, concentrated and purified by column chromatography to give pure
compound  1,1'-(((2-(2,4-difluorophenyl)-2-hydroxypropane-1,3-diyl)bis(oxy))bis(4,1-
phenylene))diethanone 147 as colorless semisolid (2.39 g, 87.3%).

Nature: Colorless semisolid; Yield: 87.3%; '"H NMR (200 MHz, CDCl3): 6 2.51 (s,
6H), 4.46-4.57 (m, 4H), 6.76-7.11 (m, 6H), 7.61-7.89 (m, 5H).

The compound 144 was prepared by using the procedure given for the preparation of
compound 127b.
(2E,2'E)-1,1'-(((2-(2,4-Difluorophenyl)-2-hydroxypropane-1,3-diyl)bis(oxy))bis(4,1-
phenylene))bis(3-(4-methoxyphenyl)prop-2-en-1-one) (144)
Nature: Pale yellow fluffy solid; MP: 86 °C; Yield: 83.7%; '"H NMR (200 MHz,
o o CDCl3): 6 3.85 (s, 6H), 4.49-4.60
oH (m, 4H), 6.82-7.03 (m, 10H), 7.40
Meo © ° M1 (d, =16 Hz, 2H), 7.59 (d, J = 10
Hz, 4H), 7.77 (d, J = 16 Hz, 2H),
7.84-7.92 (m, 1H), 8.00 (d, J = 8
Hz, 4H); “C NMR (100 MHz, CDCl3): & 55.3 (2C), 71.4 (2C), 74.7, 104.3 (1), 111.6 (d),
114.3 (4C), 114.4 (4C), 119.3 (2C), 123.1 (d), 127.6 (2C), 130.1 (4C), 130.4 (d), 130.6
(4C), 132.0 (2C), 144.1 (2C), 159.5 (dd), 161.5 (2C), 161.8 (2C), 162.9 (dd), 188.6 (2C);
IR (Chloroform): 1601, 1654, 3422 cm™'; MS (ESI) m/z: 677.09 (M + 1). Anal. Calcd.
for C4,H34F,07: C, 72.77; H, 5.06 %. Found: C, 72.64; H, 5.17 %.

F
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2.1.7. Selected spectra
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127m: "TH NMR (200 MHz, CDCls)
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128¢: 'TH NMR (200 MHz, CDCl)
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"H NMR (200 MHz, CDCl5)
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128e: 'TH NMR (500 MHz, CDCl;)
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"H NMR (200 MHz, CDCl5)
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"H NMR (200 MHz, CDCl;)
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2.2.1 Abstract

A number of hybrid fluconazole analogues containing substituted furanones were
designed and synthesized. The new chemical entities thus synthesized were tested for
their potential as antifungal agents against various fungal strains and it was observed that
some of the compounds were potent inhibitors of C. albicans. The structure-activity
relationship for these compounds is discussed. The enantiomers of the substituted
furanone-containing fluconazole analogues were synthesized by utilizing Sharpless
epoxidation reaction. The synthetic strategies used in the present work have potential to
prepare a large number of compounds for further refinement of structures to obtain

molecules suitable for development as antifungal drugs.

2.2.2 Introduction

As described in the first section of this chapter, hybrid molecules having
pharmacophores/structural features of two molecules of different classes may have
potential to exhibit superior activity than the parent molecules. Most of the racemic
hybrid molecules synthesized in the first section of this chapter (containing
pharmacophores of fluconazole combined with chalcone) showed 4-8 fold enhanced
antifungal activity than fluconazole against different fungal strains. Some of the hybrid
molecules also exhibited good antifungal activity against the fluconazole-resistant fungal
strains like C. glabrata. Further, the resolution of racemic molecules to get the
enantiomers and screening of the individual enantiomers for antifungal activity showed
that R enantiomers of all the screened molecules of this class exhibited 8 to 16 fold more
antifungal activity than fluconazole. These results prompted us to synthesize the novel
hybrid fluconazole analogues containing various substituted furanones as a replacing unit

in place of one of the triazole rings in fluconazole.

2.2.3 Review of literature
Furanone: biologically important lead

Functionalized furanones' are important subunit present in a large variety of
natural products and biologically active compounds such as alkaloids?, lignan lactones,’
sex attractant insect pheromones’ etc. Many of these compounds exhibit a variety of
biological properties including antifungal’, anticancer®, antibacterial’ etc and some of
them act as antibiotics®, cyclooxygenage inhibitors’ etc. Because of their unique

structural features and wide range of biological activities, furanones have attracted
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attention of organic as well as medicinal chemists. Some of the examples of naturally

occurring as well as pharmaceutically relevant furanones are shown in Figure 1.

MeO OMe
OMe
Ar X Ar'
— o Ar _ A
= 0 (o) (@) =
Ar' o o
_ cl )
X=8r.Cl 150a: Ar = 4-MeOCgH,
148 150 150b: Ar = 3-(OH), 4-MeOCgHj
Nostoclide 1 (149a) X = Cl 150c: Ar = 3-(NH,), 4-MeOCgH3
Nostoclide 1l (149b) X = H 150d: Ar = 2-Naphthyl

150e: Ar = 3,5-(MeO),CgH3

o Me O

XY
Br Br
Br H
H Br
HO 151d: H H
151: Rubrolides
Me
0]
| O
B 1
~Me OCOR
154: Incrustoporin 155: R= Halo, dihalo 156

R1= Alkyl, aryl
Figure 1. Examples of naturally occurring and pharmaceutically relevant furanones.

2(5H)-Furanone derivatives include 3,4,5-trisubstituted compounds, such as
natural and unnatural (Z)-4-aryl-5-[ 1-(aryl)methylidene]-3-halo-2(5H)-furanones 148'%"
and naturally-occurring nostoclides I (149a) and II (149b)", that exhibit cytotoxicity
against human cancer cell lines. 3,4-Diaryl-2(5H)-furanones 150 have also been reported
as cytotoxic agents.'”" Thus, compounds 150a-d have been found to have significant
cytotoxic activities against A549, SK-MEL-2 (skin melanoma) and MCF-7 (Michigan
Cancer Foundation-7) cell lines'” and compounds 150d and 150e, which were tested in
the in vitro human disease-oriented tumor cell lines, were found to exhibit potent

cytotoxicity, especially against human leukemia cell lines. Rubrolides 151'° were also
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found to exhibit significant cytotoxicities against human cancer cell lines. Digitoxin
(152)"7 and rofecoxib (153)"* are used mainly as the cardiac glycoside and nonsteroidal
anti-inflammatory drugs respectively. Zapf et al. reported™ the isolation of an interesting
fungal metabolite from the family of butenolides, incrustoporin 154. The incrustoporin
(154) was found to possess activity against a wide array of phytopathogenic fungi as well
as some cytotoxic activity”®. Pour and coworkers reportedSb'Cl various analogues 155 and
156 based on the structural features of incrustoporin with good antifungal activity against
different fungal strains. Apart from this, there are numerous reports describing isolation,
structure determination, biological activity and synthesis of various furanones. In the
present work efforts were directed towards the synthesis of new antifungal agents
wherein a number of substituted furanone-containing hybrid fluconazole analogues were

designed and synthesized.

2.2.4 Present work
2.2.4.1 Objective

In the first section of this chapter, efforts were made to develop hybrid antifungal
agents and a series of hybrid fluconazole analogues were designed and synthesized
wherein one of the triazole moieties in fluconazole was replaced with various substituted
chalcone moieties. The new chemical entities thus synthesized were screened against
various strains of fungi and it was observed that most of the compounds were potent
inhibitors of Candida strains. Exploring the chemistry used for the synthesis, and
extending the utilization of the molecules for further development, we thought to
synthesize the new hybrid fluconazole analogues restructured from the fluconazole and
substituted furanones. As mentioned before, the furanones are known to exhibit different
biological activities. The natural product incrustoporin (154) has very good antifungal
activity against different fungal strains and there are a number of reports™™“ describing
syntheses and structure-activity relationship study of various furanones 155 and 156 as
antifungal agents. A recent publication'’ by Pour et al. describing antifungal activity of
5-methylene-3-aryl-2,5-dihydrofuran-2-ones 156 encouraged us to synthesize hybrids
between fluconazole and furanone moieties. Furthermore, it is known in literature that
structural features of molecules from two different classes having a particular biological
activity can be combined to generate hybrid molecules with increase in that particular
biological activity.”**! Accordingly, in the present work efforts were directed towards the

synthesis of new antifungal agents wherein a series of substituted furanone-containing

142



Chapter 2: Section 11

hybrid fluconazole analogues depicted by general formulae 157, 158 and 159 (Figure 2)

were designed and synthesized.

N N
N\ﬁ) N*N\
OH OH
o)
g8
F 157 F 158 F 159

Figure 2. Structures of hybrid fluconazole analogues 157, 158 and 159.

In order to seek new triazole antifungal agents, efforts were directed towards
replacement of one of the triazole moieties present in fluconazole with various
substituted furanones to make a number of compounds available for biological activity.
First of all we focused our attention on the synthesis of target molecule 157 wherein one
of the triazoles from the fluconazole molecule was replaced with substituted furanone.
The significant results obtained in case of molecules represented by general structure 157
made us to undertake synthesis of compounds with general structures 158 and 159
wherein newly synthesized molecules 157 were modified further. Furthermore, efforts
were also directed towards the synthesis of enantiopure compounds to study the
influence of absolute configuration on antifungal activity. The structure-activity

relationship study for this class of compounds is also presented in this chapter.

2.2.4.2 Results and discussion

The synthetic sequence used for preparation of hybrid molecules 157 is shown in
Scheme 1. Thus, the known epoxide 32 (Synthesis of epoxide 32* described in Chapter
1, Scheme 6) was reacted with 4-hydroxybenzaldehydes 134 to afford the fluconazole
analogues 132 which upon reaction®* with hippuric acid in presence of acetic anhydride
and sodium acetate provided the azlactones 160. The substituted phenylacetic acids 161
were obtained in 30-35% by subjecting the azlactones 160 to heating with sodium
hydroxide followed by reaction with hydrogen peroxide in presence of sodium hydroxide

2
at room temperature 3

The reaction®* of phenylacetic acids 161 with suitable
chloroketones in presence of potassium carbonate afforded the desired hybrid molecules

157. It was observed that when less than 4 equivalents of potassium carbonate was used,
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the desired product 157 was obtained along with the intermediate ester 162 in minor
amount (15-20%) while use of 5-6 equivalents of potassium carbonate afforded the
desired product 157 in excellent yields as shown in Scheme 1. Four successive doublets,
each for one proton in the range of 6 4.04-4.98 with coupling constant in the range of J =
10-14 Hz in 'H NMR spectrum, assigned to two methylene groups adjacent to carbon
bearing tertiary hydroxyl group, indicated the formation of product. Furthermore, one
singlet in the region of & 5.10-5.20 for furanone methylene protons in 'H NMR spectrum
and C=0 band in IR spectrum in the range of 1745 to 1755 cm™ confirmed the formation
of furanone products 157. >C NMR and mass spectra of the products supported the

assigned structures.

0
R
(/N‘N N\ OH
N=/ ﬂN o)
F
F 134a: R=H £ 13
32 134b: R = OMe
OH
R ~ A
OH
¢ i o N=(
\ =/ - Ph
161a R=H
161b R = OMe
F 160 Ar 161

7
/A N 0 {,J
N=/
F +
R=H, OMe
Ar = (Un)substituted phenyl,
162 F i

E 157 2-thienyl
157a: R=H, Ar = phenyl 157f: R=H, Ar = 4-bromophenyl
157b: R = H, Ar = 4-methoxyphenyl 1579: R = OMe, Ar = 4-fluorophenyl
157c: R = H, Ar = 4-methylphenyl 157h: R = OMe, Ar = 4-bromopheny!
157d: R = H, Ar = 4-fluorophenyl 157i: R= OMe, Ar = 2,4-difluorophenyl
157e: R=H, Ar = 2,4-difluorophenyl 157j: R=H, Ar = 2-thienyl

Scheme 1. Reagents and conditions: i) K,COs;, TBAB, EtOAc, 80 °C, 12 h, 64-73% ii) Hippuric
acid, Ac,0, NaOAc, 80 °C, 2 h, 90-95% iii) a) Aq. NaOH, 85 °C; b) H,0,, aq. NaOH, rt, 15 h,
30-35% iv) ArCOCH,CI, K,CO3, MeCN, reflux, 1-6 h, 65-75%.
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So as to achieve the synthesis of target molecule 157, synthesis of intermediate
compound 161 was important but the synthesis of intermediate compound 161 was
lengthy and the yield was very low (30-35%) for the step involving conversion of
azlactone 160 into the desired phenylacetic acid 161 shown in Scheme 1. In order to
synthesize the compounds 161 in short route with good yields, we planned to utilize
alternate  route.  Accordingly, the epoxide 32 was reacted with 4-
hydroxyphenylacetonitrile 163 in presence of potassium carbonate in ethyl acetate at
reflux temperature to afford the fluconazole analogues 164 in 85-90% of yield. The
phenyl acetonitriles 164 were then hydrolyzed by using 30% sulphuric acid at 80-100 °C
to provide the intermediate phenylacetic acids 161 in 80-88% of yield as shown in
Scheme 2. The reaction®® of phenylacetic acids 161 with suitable chloroketones in
presence of excess potassium carbonate in acetonitrile afforded the desired hybrid

molecules 157 in good yields (Scheme 2).

o B

163a R=H
163b: R= OMe Ar
R COOH R /Do
N oH N OH
‘N 0 . o)
- E i AN 0
N e N=

F
161a: R=H F
161 [161b: R= OMe 157

157a: R=H, Ar = phenyl 157f: R=H, Ar = 4-bromophenyl
157b: R = H, Ar = 4-methoxyphenyl 157g: R = OMe, Ar = 4-fluorophenyl
157¢c: R=H, Ar = 4-methylphenyl 157h: R = OMe, Ar = 4-bromophenyl
157d: R = H, Ar = 4-fluorophenyl 157i: R= OMe, Ar = 2,4-difluorophenyl
157e: R=H, Ar = 2 4-difluorophenyl 157j: R=H, Ar = 2-thienyl

Scheme 2. Reagents and conditions: i) K,CO;, TBAB, EtOAc, 80 °C, 12 h, 85-90% i) 30%
H,S04, 80-100 °C, 10-12 h, 80-88% iii) ArCOCH,CI, K,CO;, MeCN, reflux, 1-6 h, 65-75%.

The successful synthesis of hybrid molecules 157 and the significant antifungal
activity exhibited by compounds with general structure 156° with exocyclic double bond

prompted us to synthesize the hybrid molecules 158 having exocyclic double bonds
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employing the synthetic strategy shown in Scheme 3. The phenylacetic acids 161 were
reacted with suitable bromoketones 165 in presence of potassium carbonate to afford the

fluconazole analogues 166, which were then subjected to air oxidation®**

using 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU) in acetonitrile at room temperature to provide the
hydroxy lactones 167. The hydroxy lactones 167 on dehydration in presence p-
toluenesulfonic acid (PTSA) in toluene afforded the desired fluconazole analogues 158
in very good yield. Evidence for the formation of compound 158 was provided by the 'H
NMR wherein two doublets each for one proton in the region of & 4.90-5.30 were seen

for exocyclic double bond. Furthermore, ?C NMR, IR and mass spectra confirmed the

structures of furanone products 158.

Ar
e
N OH
(/ . ¢ N 0 °
N=/ 0O N=/ = .
Br ii
Ar
E 165 F 166
161a
165a: Ar = 2,4~ dn‘luorophenyl 166a Ar = 2,4-difluorophenyl
165b: Ar = 4-bromophenyl 166b Ar = 4-bromophenyl
Ar OH
e
(/N\N OH (o) (/
0 iii
\ =/ > . =
167 158
E F

158a: Ar = 2,4-difluorophenyl
158b: Ar = 4-bromophenyl

167a: Ar = 2,4-dif|uorophenyl]
158c: Ar = 4-methoxyphenyl

167b: Ar = 4-bromophenyl

Scheme 3. Reagents and conditions: i) K,CO3;, MeCN, 80 C; 6 h, 60-65% i) DBU, MeCN, air,
rt, 2 h, 65-70% iii) P-TSA, toluene, reflux, 1-6 h, 50-57%.

The compound 158a was found to decompose in a few days at room temperature.
The other compounds from this class (158b and 158c) also decomposed slowly at room
temperature. In order to stabilize these compounds and to make available for the
screening of antifungal activity, we planned to put a substituent on the exocyclic double

bond of these compounds 158. The synthetic strategy employed for the preparation of the
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fluconazole analogues 159 containing trisubstituted furanones is shown in Scheme 4.
The reaction” of aldehyde 132 (Scheme 1) with furanones 168 (prepared from
phenylacetic acids and chloroketones) in methanol in presence of piperidine at room
temperature afforded the desired fluconazole analogues 159. These compounds were

found to be stable to evaluate for antifungal activity.

0]
(o) Ar
o /]
O J Art
H Ar
N OH \ @) N OH
¢ N 0 ¢ N 0
N=' Art N=/
F F
168 o
Piperidine, methanol,
E RT, 15 h, 76-80% =
132a 159
Ar Art
159a: 4-chlorophenyl 2,4-difluorophenyl

159b: 3,4-dichlorophenyl| 2,4-difluorophenyl
159c: 4-methoxyphenyl | 4-bromophenyl

Scheme 4. Synthesis of fluconazole analogues 159.

Using above synthetic strategy, a number of compounds were synthesized. All
the compounds synthesized were fully characterized by '"H NMR, °C NMR, IR and mass
spectroscopic methods and showed satisfactory spectral data as described in the

experimental section.

Antifungal evaluation

All the newly synthesized hybrid compounds 157 and 159 were tested for
antifungal activity against various fungi including Candida albicans, Aspergillus niger,
Fusarium proliferatum etc at FDC Ltd., Mumbai as described in Chapter 1. The activity

parameters are depicted in Table 1 as MICs, values.
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O
Ar 0 / Ar
R / Do / Arl
R OH O N. OH
“a N ~ N
T T
= F
157 159
Table 1. MIC obtained by broth micro-dilution method
Sr. | Comp. Activity against organisms (MICsp in pg/ml)
no. | no.
Structure | Ca Cg |Ck |[Ct |[Cn |An |Af |Fp
01 01 |01 |01 |01 |01 m0 | 01
1
FLU 025 | 1 | 32| 1 | 2 [>128 >é2 >128
AMB 025|025 |05 |05 |05 |025| 05 2
1 157a Ar = pheny],
R=H 0.5 (05 [>4 |2 >4 | >4 >4 | >4
2 157b Ar = 4- 1 1 >8 4 2 | >8 >8 | >8
methoxyphenyl,
R=H
3 157¢ Ar=4- 0.5 1 >4 2 2 | >4 >4 | >4
methylphenyl,
R=H
Ar=4- 0.25 | 0.5 8 1 1 |>8 >8 | >8
4 157d fluorophenyl,
R=H
Ar=24- 0.5 (05 8 2 2 | >8 > | >8
5 157e difluorophenyl,
R=H
Ar = 4- 0.5 2 8 4 1 |>8 >8 | >8
6 157f bromophenyl,
R=H
Ar=4- 05 (0S5 16 | 2 2 | >8 >8 | >8
7 157¢g fluorophenyl,
R=0OMe
Ar = 4- 1 2 >4 4 8 [>4 >4 | >4
8 157h bromophenyl,
R =0Me
157i Ar=24- 1 1 >8 |>8 |>8 |>8 >8 | >8
9 difluorophenyl,
R =0Me
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10 | 157j Ar = 2-thienyl, | 0.5 0.5 |>8 2 | >8 |>8 >8 | >8
R=H

11 | 159a Ar=4- >4 >4 >4 | >4 | >4 | >4 >4 | >4
chlorophenyl,
Ar' =2.4-

difluorophenyl

12 | 159b Ar=34- >4 >4 >4 | >4 | >4 | >4 >4 | >4
dichlorophenyl,
Ar' =24

difluorophenyl

13 | 159¢ Ar =4- >2 >2 >2 |>2 |>2 [>2 >2 | >2
methoxyphenyl,
Ar' = 4.

bromophenyl

* Ca01: C. albicans ATCC 24433, Cg01: C. glabrata ATCC 90030, Ck01: C. krusei
ATCC 6258, Ct01: C. tropicalis ATCC 750, Cn01: C. neoformans ATCC 34664, An01:
A. niger ATCC 16404, Afm01: A. fumigatus ATCC 46645, Fp01: F. proliferatum
ATCC 10052

The activity data indicated following points regarding the structure-activity
relationship of the compounds studied in the present section of this chapter.
1. The hybrid molecules with general structure 157 exhibited very good antifungal
activity against C. albicans ATCC 24433 and C. glabrata ATCC 90030 and significant
antifungal activity against C. tropicalis ATCC 750 and C. neoformans ATCC 34664.
2. The introduction of methoxy group on the aromatic ring C adjacent to fluconazole
pharmacophores in the molecules with general structure 157 decreased the antifungal
activity (e.g. 157d v/s 157g, 157e v/s 157i and 157f v/s 157h).
3. The substituents on the phenyl ring at 4-position of the furanone ring D in compounds
157 also affected the antifungal activity to some extent. The 4-fluoro or 2,4-difluoro
groups on this phenyl ring were tolerated and the resultant compounds exhibited
antifungal activity similar to the parent compound 157a (e.g. 157a v/s 157d or 157a v/s
157e) while the 4-methoxy, 4-methyl or 4-bromo substituent reduced the antifungal
activity slightly (e.g. 157a v/s 157b, 157a v/s 157¢, 157a v/s 157f).
4. The replacement of phenyl ring at 4-position of the furanone ring D in 154 with a
thiophene ring did not have any effect on antifungal activity showing that the phenyl and
thienyl moieties are bioisosteric (e.g. 157a v/s 157j).
5. The fluconazole analogues with general structure 159 did not exhibit any antifungal

activity (e.g. 159a-c).
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6. None of the molecules prepared in the present work exhibited antifungal activity
against C. krusei ATCC 6258, A. niger ATCC 16404, A. fumigatus ATCC 46645 and F.
proliferatum ATCC 10052.

Apart from the above compounds (157, 158 and 159) synthesized, which were
available for the structure activity relationship (SAR) study as described above, we
targeted towards the synthesis of fluconazole analogues containing azlactone 160 as well
as those containing 2-thioxothiazolidin-4-one moieties 170. It is known in literature®®
that compounds having azlactone moiety exhibit antifungal activity. It was therefore
appropriate to synthesize a number of fluconazole analogues 160 containing azlactone
moieties (Scheme 1) and screen them for antifungal activity. Accordingly, the azlactones
160a-d (Figure 3) were synthesized by synthetic sequence elucidated for 160 in Scheme
1, by employing required substituted benzaldehyde i.e. 4-hydroxybenzaldehyde, 4-
hydroxy-3-methoxybenzaldehyde, 3,5-dimethoxy-4-hydroxybenzaldehyde and 3-
hydroxy-4-methoxybenzaldehyde respectively. The spectral data for all these compounds

were in full agreement with the assigned structures.

MeO
o)
R1 N OH
AN ¢ N o)
N OH O N='
¢ N o N= F
N=/ F R |
N o}
160 \
F g
F 160d

160a: R'=R2=H
160b: R'= OMe, R2=H
160c: R' = R2= OMe

Figure 3. Structures of fluconazole analogues 160 containing azlactone moiety

For further structure-activity relationship study, hybrid molecules 170 containing

26b¢ that the

2-thioxothiazolidin-4-one moiety were prepared®® as there are reports
molecules containing this structural feature exhibit antifungal activity. The reactions
used for preparation of these molecules are shown in Scheme 5. The reaction™® of
fluconazole analogues 132 with rhodanine 169 in presence of acetic acid and sodium

acetate provided the 2-thioxothiazolidin-4-one containing fluconazole analogues 170.

150



N~/ @ A
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132b: R1=H, R2= OMe
132¢: R'=R?= OMe

MeO,

on 169
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N=/ c
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F 132d

Chapter 2: Section 11

NJ
NH

170a: R'=R2=H
170b: R1=H, R2= OMe
170c: R'=R%= OMe

@$%

170d

Scheme 5. Reagents and conditions: i) CH;COOH, CH;COONa, 80-85 °C, 2 h, 90-96%.

All the newly synthesized compounds 132, 160, 161, 166, 167 and 170 were

tested for antifungal activity against various fungal strains and the activity parameters are

depicted in Table 2 as MICs, values.

Table 2. MIC obtained by broth micro-dilution method

Sr. | Comp. Activity against organisms (MICsy in pg/ml)
no. | no.
Structure Ca Cg |Ck |[Ct |Cn |An |Afm | Fp
01 01 |01 |01 (01 |01 |01 |o1
FLU 025 | 1 | 32| 1 2 | >128|>128 | >128
AMB 025 | 025| 05|05 05 | 025] 05| 2
1 |132a 05 |05 16| 4 | 2 |128 |>128]>128
2 |132b 0.5 1 8 | 16 |128 |>128|>128
128
3 |132¢ 1 1 |>12| 64 | 8 |>128|>128|>128
8
4 [132d 2 2 [>12[>12| 16 |>128]>128 |>128
8 |8
5 |160a |R'=R°=H 4 4 [>4 [>4 [>4 |>4 [>4 [>4
6 |160b |R'=0OMe, >4 |>4 |>4 |>4 [>4 |>4 |[>4 |>4
R’=H
7 [160c |R'=R*=O0Me |>2 [32 [>2 [>2 [>2 [>2 [|>2 [>2
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8 160d >4 >4 >4 | >4 >4 >4 >4 >4
9 |161a R=H 8 8 |>12] 64 | 64 [>128]>128]>128
8
10 | 161b R = OMe >128 [ >128 | >12 | >12 | >128 | >128 | >128 | >128
8 8
11 | 166a Ar=2.4- 1 1 |>8 8 4 [>8 [>8 |[>8
difluorophenyl
12 | 167a Ar=2.4- 2 2 [>16] 8 [>16 |[>16 |>16 |>16
difluorophenyl
13 | 170a R'=R’=H 05 | 4 >32 1 8 [>32 [>32 [>32 |>32
R'=H, 1 8 |>16|>16 |>16 |>16 [>16 |>16
14 |170b | R*=OMe
15 | 170¢ R'=R*=0Me | >16 |[>16 |>16 |>16 |>16 |>16 |>16 |>16
16 |170d > |>8 |>8 [>8 [>8 [>8 |>8 |[>8

From the antifungal activity data it was observed that the fluconazole analogues
with general structure 132a-d exhibited antifungal activity against C. albicans ATCC
24433 and C. glabrata ATCC 90030 (Table 2, Entry nos 1-4) while the corresponding
azlactones 160a-d showed no antifungal activity (Table 2, Entry nos 5-8). The
fluconazole analogues 170a-b exhibited marginal antifungal activity against C. albicans
ATCC 24433 (Table 2, Entry nos 13 and 14) while the compounds 170c-d did not show
any antifungal activity against the fungal strains studied in the present work (Table 2,
Entry nos 15 and 16). The furanones 166a and 167a (Table 2, Entry nos 11 and 12)
exhibited marginal antifungal activity against C. albicans ATCC 24433 and C. glabrata
ATCC 90030 but they did not exhibit any antifungal activity against rest of the fungal
strains studied in the present work.

The above results indicated following points regarding the stability and structure-
activity relationship of the compounds studied in the present work.

1. The fluconazole analogues 132 exhibited antifungal activity. The compounds 132a-c
containing phenyl ring with aldehyde functionality at para position exhibited antifungal
activity against C. albicans ATCC 24433 and C. glabrata ATCC 90030 while the
analogue 132d with phenyl ring having aldehyde functionality at meta position exhibited
less antifungal activity (e.g. 132a > 132b > 132¢ > 132d).

2. The antifungal activity of compounds 132a-d was lost completely when the aldehyde
functionality was converted into an azlactone moiety (e.g. 132a v/s 160a, 132b v/s 160b,

132¢ v/s 160c and 132d v/s 160d).
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3. The conversion of the aryl aldehyde functionality of compounds 132 into arylacetic
acid 161 resulted into complete loss of activity (e.g. 132a v/s 161a and 132b v/s 161b).
4. The antifungal activity of compounds 132a-d was decreased or lost completely when
the aldehyde functionality was converted into 2-thioxothiazolidin-4-one moiety (e.g.
132a v/s 170a, 132b v/s 170b, 132¢ v/s 170c and 132d v/s 170d).

From the antifungal activity results of racemic compounds synthesized in the
present section of this chapter it was observed that the hybrid compounds 157 exhibited
good antifungal activity so these compounds 157 were chosen for preparation of their
enantiomers in order to examine the influence of absolute configuration on the antifungal
activity. The enantiomers of this class of antifungal agents could be synthesized from
chiral epoxides (R)-32a and (S)-32a (Synthesis of chiral epoxides (R)-32a and (S)-32a%
has been described in Chapter 1, Scheme 11). Accordingly, the hydroxyfuranones 168f
and 168g were synthesized by the deprotection of methoxy group of furanones 168d and

168e by using excess of HBr in acetic acid at room temperature as shown in Scheme 6.

0 0O
Ar HBr in CH;COOH, Ar
[ o rt, 10-12 h | o
50-55%
MeO HO
168f: Ar = phenyl,
168d-e 168g: Ar = 4-fluorophenyl

Scheme 6. Synthesis of hydroxyfuranones 168f and 168g

The hydroxyfuranones 168f and 168g were reacted with chiral epoxide (R)-32a in
presence of potassium carbonate and tetrabutylammonium bromide (TBAB) in ethyl
acetate at refluxing temperature for 5-7 h to afford the target enantiopure molecules (R)-

157 as shown in Scheme 7.

Ar 0
NNy O [ o
\y . A, P KoCOs TBAB, OH
o FtOAc,80 % NTNTY o
+ e \=—=N F
55-58%
F
HO 167 I
(R)-32a
167f: Ar = phenyl, (R)-157a: Ar = phenyl,
1679: Ar = 4-fluorophenyl (R)-157d: Ar = 4-fluorophenyl
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Scheme 7. Synthesis of (R)-157a and (R)-157d.

The chiral HPLC chromatogram for racemic 157d and its (R) enantiomer is shown in

Figure 4.
0.05¢ { - 0.050
* Retention Time
0.025 ! 0025 £
£
0.000 +—~— " -0.000
T T T T ¥ T T T T - B B T T
0 10 20 30 40 50 80 70 80
Minutes
0.03 0.03
Retention Time
0.02 - 0.02
g
001 | 0.01
:
000« - . e o 1 0.00
1 = T T T f T T T T T 3 ' T T
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Figure 4. (R) enantiomer of 157d

After synthesis of enantiomers (R)-157a and (R)-157d specific rotations were
calculated from the observed rotations as shown in Table 3.

Table 3. Specific rotations of enantiomers of 157a and 157d

Comp. | Chem. Peak Retention | Enantiomeric Specific Rotation
No. Purity In Chiral Time 2% Obs. Rotation X 100
HPLC RT) | EXCeSS o)
Chromatogram min (% ee)
(R)-157a | 96.4% A 49.07 98.64 -20 ° (¢ = 1.02, THF)
(R)-157d | 95.0% A 48.16 98.00 -30 ° (¢ = 1.01, THF)

The chiral compounds 157a and 157d were tested for antifungal activity against various
fungi and results are enumerated in Table 4.
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Table 4: MIC obtained by broth micro-dilution method

Activity against organisms (MICs, in pg/ml)
Organism
AMB FLU 157a R)- 157d | (R)-

157a 157d
C. albicans ATCC 0.25 0.5 0.25 0.25 0.5 0.5
24433
C. albicans ATCC 0.5 0.5 0.5 0.5 0.5 0.5
10231
C. albicans ATCC 0.5 0.5 0.5 0.25 1 0.5
2091
C. albicans ATCC 0.5 0.5 0.5 0.25 0.5 0.25
90028
C. glabrata ATCC 0.25 4 0.12 0.12 0.5 0.25
90030
C. krusei 0.5 64 >8 >8 8 8
ATCC 6258
C. tropicalis ATCC 0.5 2 2 1 4 2
750
C. neoformans ATCC | 0.5 2 >8 >8 8 8
34664
A. niger 0.25 >128 >8 >8 >8 >8
ATCC 16404
A. fumigatus ATCC 0.5 >128 >8 >8 >8 >8
46645
F. proliferatum ATCC | 2 >128 >8 >8 >8 >8
10052

From the antifungal activity results of these enantiopure compounds 157a and 157d it
was found that the R-enantiomers of this class of antifungal agents has higher antifungal

activity.

2.2.5 Conclusion

We have synthesized a number of compounds with different structural features
and evaluated their antifungal activity against various fungal strains using fluconazole
and amphotericin B as standards. The hybrid molecules 157a-j exhibited significant
antifungal activity against C. albicans ATCC 24433, C. glabrata ATCC 90030, C.
tropicalis ATCC 750 and C. neoformans ATCC 34664 with MICs, values comparable to
fluconazole. The fluconazole analogues 158 were not enough stable to study their
antifungal activity while the fluconazole analogues 159 did not show antifungal activity
against any fungal strains. Furthermore, we prepared few compounds 157 in

enantiomerically pure form to examine the influence of absolute configuration on
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antifungal activity and observed that the R enantiomers of 157a and 157d have higher
antifungal activity. These observations will be very useful in design and synthesis of new

antifungal agents.
2.2.6 Experimental Section

The compounds 132¢-d were prepared by using the procedure given for the preparation

of compound 129a as described in the Section I of this chapter.

4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3,5-
dimethoxybenzaldehyde (132¢)
Nature: White solid; MP: 124 °C; Yield: 66%; "H NMR (200 MHz, CDCls): 6 3.94 (s,
MeO 6H), 4.30 (d, J = 10 Hz, 1H), 4.46 (d, J=10 Hz, 1H), 4.74 (d,
S‘@’CHO J =14 Hz, 1H), 4.83 (d, J = 14 Hz, 1H), 5.00 (bs, 1H), 6.74-
Meo 6.86 (m, 2H), 7.10 (s, 2H), 7.49-7.61 (m, 1H), 7.78 (s, 1H),
= 8.11 (s, 1H), 9.86 (s, 1H); *C NMR (50 MHz, CDCls): &
54.6, 56.1 (2C), 74.7, 77.2, 103.9 (t), 106.2 (2C), 111.3 (d), 122.3 (d), 129.9 (d), 132.2,
141.8, 144.3, 151.0, 152.9 (2C), 158.4 (dd), 163.3 (dd), 190.6; IR (Chloroform): 1617,
1685, 3400 cm™'; MS (ESI) m/z: 420.03 (M + 1).

OH

3-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-4-
methoxybenzaldehyde (132d)

Nature: Yellow semisolid; Yield: 64%; "H NMR (200 MHz, CDCls): & 3.93 (s, 3H),
4.28 (d,J =10 Hz, 1H), 4.41 (d, J=10 Hz, 1H), 491 (d,J=14

MeQ

OH
o@ Hz, 1H), 5.00 (d, J = 14 Hz, 1H), 5.24 (bs, 1H), 6.75-6.89 (m,
F CHO

F

N//\
\=

Z~z

2H), 6.98 (d, J = 8 Hz, 1H), 7.40 (s, 1H), 7.49-7.65 (m, 2H),
7.89 (s, 1H), 8.52 (s, 1H), 9.81 (s, 1H); *C NMR (50 MHz,
CDCls): & 54.6, 55.9, 73.3, 74.8, 104.1 (1), 111.0, 111.6 (d), 112.8, 122.2 (d), 127.6,
129.9, 130.0 (d), 144.2, 148.0, 150.7, 154.8, 158.4 (dd), 163.3 (dd), 190.5; IR
(Chloroform): 1619, 1678, 3412 cm™; MS (ESI) m/z: 390.05 (M + 1).

Preparation of (4Z)-4-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)benzylidene)-2-phenyloxazol-5(4H)-one (160a)

A mixture of aldehyde 132a (15.0 g, 41.7 mmol), hippuric acid (7.47 g, 41.7 mmol) and
sodium acetate (3.42 g, 41.7 mmol) dissolved in acetic anhydride (11.8 ml, 125 mmol)

was allowed to stir at 85 °C for 2 h under nitrogen atmosphere. It was then cooled to
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room temperature, quenched with ice in ethanol and allowed to stir at room temperature
overnight. The precipitate obtained was filtered through Whatman filter paper, washed
with excess water and dried to give pure (42)-4-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-
(1H-1,2,4-triazol-1-yl)propoxy)benzylidene)-2-phenyloxazol-5(4H)-one 160a as yellow
solid (19.92 g, 95%).
Nature: Yellow solid; MP: 158 °C; Yield: 95%; "H NMR (200 MHz, CDCls): § 4.30 (d,
0 J =10 Hz, 1H), 4.40 (d, J = 10 Hz, 1H), 4.99 (s, 2H),
OH Ng 6.78-6.93 (m, 2H), 6.99 (d, J = 8 Hz, 2H), 7.18 (s, 1H),

7.48-7.69 (m, 4H), 7.95 (s, 1H), 8.13-8.19 (m, 4H), 8.62
(s, 1H); ®C NMR (50 MHz, CDCls): & 54.5, 71.7, 74.9,
104.2 (t), 111.8 (d), 114.9 (2C), 122.3 (d), 125.5, 127.2,
128.0 (2C), 128.8 (2C), 130.1 (d), 131.2, 131.4, 133.0, 134.4 (2C), 144.3, 151.4, 158.4
(dd), 160.3, 162.5, 163.3 (dd), 167.7; IR (Chloroform): 1602, 1651, 1788, 3435 cm;
MS (ESI) m/z: 503.13 (M + 1).

The following compounds 160b-d were prepared by using the procedure given for the

preparation of compound 160a.

(42)-4-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxybenzylidene)-2-phenyloxazol-5(4H)-one (160b)

Nature: Yellow solid; MP: 100°C; Yield: 95.5%; "H NMR (200 MHz, CDCls): & 3.84
(s, 3H), 4.26 (d, J = 10 Hz, 1H), 4.33 (d, J = 10 Hz, 1H),

(o]
e Q/\N(KO 4.74 (d, J = 14 Hz, 1H), 4.85 (d, J = 14 Hz, 1H), 6.11 (bs,
7 "N O
N\;l\/l F  OMe \b
F

1H), 6.75 (t, J =8 Hz, 2H), 6.88 (d, J = 10 Hz, 1H), 7.08
(s, 1H), 7.41-7.54 (m, 5H), 7.61 (s, 1H), 7.98-8.05 (m,
3H), 8.21 (s, 1H); *C NMR (50 MHz, CDCly): & 52.7,
54.0, 71.3, 72.2, 102.1 (t), 109.2 (d), 112.0, 113.3, 122.0 (d), 123.5, 125.4, 125.7, 125.9
(20), 127.3 (2C), 128.7 (d), 129.1, 129.7, 131.4, 143.2, 147.5, 148.7, 149.3, 158.9 (dd),
160.2, 164.1 (dd), 165.2; IR (Chloroform): 1651, 1787, 3532 cm™; MS (ESI) m/z:
533.11 (M + 1).

(42)-4-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3,5-
dimethoxybenzylidene)-2-phenyloxazol-5(4H)-one (160c)

Nature: Yellow solid; MP: 173 °C; Yield: 93%; "H NMR (200 MHz, CDCLs): & 3.98 (s,
6H), 4.34 (d, J =10 Hz, 1H), 4.43 (d, J=10 Hz, 1H), 4.77 (d, J = 14 Hz, 1H), 4.86 (d, J
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= 14 Hz, 1H), 5.09 (bs, 1H), 6.75-6.86 (m, 2H), 7.13 (s, 1H), 7.51-7.78 (m, 6H), 7.78 (s,
1H), 8.09-8.13 (m, 3H); *C NMR (50 MHz, CDCl;): &

o
OHMeOm\‘(O 54.7, 56.0 (2C), 60.3, 74.8, 104.0 (t), 109.3 (2C), 111.4
7~ o
N\;z F OMe \b
F

(d), 122.4 (d), 125.3, 128.1 (2C), 128.9 (2C), 129.6,
129.9 (d), 131.0, 132.7, 133.4, 139.5, 144.4, 151.1, 152.4
(2C), 158.6 (dd), 163.4, 164.8 (dd), 167.3; IR
(Chloroform): 1643, 1786, 3476 cm™'; MS (ESI) m/z: 563.05 (M + 1).

(2)-4-(3-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-4-
methoxybenzylidene)-2-phenyloxazol-5(4H)-one (160d)

Nature: Yellow solid; MP: 130 °C; Yield: 92%; "H NMR (200 MHz, CDCls): & 3.93

(s, 3H), 4.39 (d, J = 10 Hz, 1H), 4.50 (d, J = 10 Hz, 1H),

MeO NP 4.80 (bs, 1H), 4.88 (d, J = 16 Hz, 1H), 4.96 (d, J = 16 Hz,

) & o\ OO 1H), 6.78-6.91 (m, 2H), 6.95 (d, J = 8 Hz, 1H), 7.17 (s
1H), 7.46-7.71 (m, 5H), 7.82 (s, 1H), 8.07-8.21 (m, 3H);

£ BC NMR (50 MHz, CDCL): & 53.6, 54.8, 73.3, 77.2,

102.7 (), 110.1 (d), 110.7, 116.3, 122.3 (d), 124.3, 125.5, 126.8 (2C), 127.5, 127.8 (2C),
129.3 (d), 129.9, 130.3, 132.1, 143.7, 146.9, 149.5, 151.4, 158.7 (dd), 161.1, 163.8 (dd),
166.2; IR (Chloroform): 1650, 1784, 3417 cm’™'; MS (ESI) m/z: 533.09 (M + 1).

Preparation of 2-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propoxy)phenyl)acetic acid (161a)
Procedure 1:
The compound 160a (15.0 g, 29.8 mmol) dissolved in 10% NaOH (3.5 g, 89.4 mmol)
was heated at 80-90 °C for 7 h. It was then cooled to room temperature, 40% NaOH
solution (40 mL) was added followed by addition of 30% hydrogen peroxide (100 mL)
slowly at 0 °C with constant stirring at such a rate that the temperature did not rise above
15 °C. The reaction mixture was allowed to stand at room temperature for 15 h, acidified
with dilute hydrochloric acid (150 mL), extracted with ethyl acetate and purified by
column chromatography to give the pure compound 2-(4-(2-(2,4-difluorophenyl)-2-
hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)acetic acid 161a as white fluffy solid
(3.83 g, 33%).
Nature: White fluffy solid; MP: 93 °C; Yield: 33%; '"H NMR (200 MHz, CDCl; +
DMSO-de): 6 3.57 (s, 2H), 4.20 (d, J =10 Hz, 1H), 4.25 (d, J =10 Hz, 1H), 4.82 (s, 2H),
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6.74-6.89 (m, 4H), 6.77-6.96 (m, 2H), 7.18 (d, J = 10 Hz, 2H), 7.52-7.64 (m, 1H), 7.83
(s, 1H), 8.10 (s, 1H); *C NMR (50 MHz, CDCl; + DMSO-

OH
ol $ :g@ﬂcow do): 8 39.9, 54.4, 71.4, 74.0, 103.6 (1), 111.0 (d), 114.2 (2C),
F

122.6 (d), 127.1, 129.7 (d), 130.0 (2C), 144.1, 150.3, 156.7,
158.0 (dd), 162.9 (dd), 173.6; IR (Chloroform): 1615, 1713,
3418 cm™; MS (ESI) m/z: 390.12 (M + 1).

Procedure 2:

To a flame-dried K,COs (8.73 g, 63.29 mmol), 2-(4-hydroxyphenyl)acetonitrile 163a
(5.61 g, 81.96 mmol), tetra-butyl ammonium bromide (TBAB, catalytic) and epoxide
32a (10.0 g, 42.19 mmol) dissolved in dry ethyl acetate (150 mL) were added. The
reaction mixture was allowed to stir at reflux temperature for 12 h under nitrogen
atmosphere. It was then cooled to room temperature, diluted with water, extracted with
ethyl acetate, dried over Na,SO4 and concentrated to give crude compound 164a. The
crude compound 164a was then heated at 80-100 °C in 30% H,SO, for 10 h, cooled to
room temperature and extracted with ethyl acetate and purified by column
chromatography to give the pure compound 2-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-
(1H-1,2,4-triazol-1-yl)propoxy)phenyl)acetic acid 161a as white fluffy solid (13.95 g,
85%). The spectral data were identical with the product obtained in procedure 1.

The compound 161b was prepared by using the procedure 1 given for the preparation of

compound 161a.

2-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxyphenyl)acetic acid (161b)

Nature: White solid; MP: 118 °C; Yield: 30%; "H NMR (200 MHz, CDCl; + DMSO-
de): & 3.23 (s, 2H), 3.53 (s, 3H), 3.93 (d, J = 10 Hz, 1H),

MeO
OH
g $ 061 4.03 (d, J=10 Hz, 1H), 4.51 (d, J = 14 Hz, 1H), 4.61 (d, J
F COOH
F

N//\
\=

Z~z

= 14 Hz, 1H), 5.08 (bs, 1H), 6.48-6.59 (m, 5H), 7.20-7.33
(m, 1H), 7.41 (s, 1H), 7.98 (s, 1H); *C NMR (50 MHz,
CDCl; + DMSO-dg): & 38.9, 52.6, 53.0, 54.2, 72.7, 102.2 (t), 109.4 (d), 112.3, 114.1,
120.1, 122.2 (d), 127.4, 128.8 (d), 143.3, 145.3, 148.0, 148.9, 156.7 (dd), 161.5 (dd),
171.5; IR (Nujol): 1615, 1711, 3431 cm™'; MS (ESI) m/z: 420.08 (M + 1).

Preparation of 3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-4-phenylfuran-2(5H)-one (157a)
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To a flame dried K,COs (5.52 g, 0.04 mol), 2-chloro-1-phenylethanone (1.84 g, 0.012
2-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)acetic acid 161a (3.89 g,

mol) and
0.01 mol) were added in acetonitrile at
room temperature and the reaction mixture was refluxed for 4 h. It was then cooled to
room temperature, diluted with water and extracted with ethyl acetate, dried over
Na,SOy4, concentrated and purified by column chromatography to give pure compound 3-
(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-
phenylfuran-2(5H)-one (157a) as pale yellow fluffy solid (3.56 g, 73%).
Nature: Pale yellow fluffy solid; MP: 86 OC: Yield: 73%; '"H NMR (200 MHz, CDCls):
O 5 4.26 (s, 2H), 4.84 (s, 2H), 4.88 (bs, 1H), 5.13 (s, 2H), 6.74-
By 6.89 (m, 4H), 7.30-7.37 (m, 6H), 7.55-7.67 (m, 1H), 7.80 (s,
OH o O o)

1H), 8.05 (s, 1H); *C NMR (100 MHz, CDCl;): & 54.5, 70.5,
F 71.6, 74.9, 104.2 (t), 111.7 (d), 114.7 (2C), 122.5 (d), 123.2,
125.2, 127.3 (2C), 128.9 (2C), 130.1 (d), 130.4, 130.6 (2C),
130.8, 144.3, 151.4, 155.3, 158.3, 158.9 (dd), 162.8 (dd),
173.6; IR (Chloroform): 1608, 1748, 3419 cm’; MS (ESI) m/z: 490.27 (M + 1). Anal.
Calcd. for C7H, 1 FoN3O4: C, 66.25; H, 4.32; N, 8.58 %. Found: C, 66.36; H, 4.47; N,
8.47 %.

The following compounds 157b-j were prepared by using the procedure given for the

preparation of compound 157a.

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-
(4-methoxyphenyl)furan-2(5H)-one (157b)

Nature: Yellow fluffy solid; MP: 97 °C: Yield: 75%; 'H
NMR (200 MHz, CDCl3): 6 3.83 (s, 3H), 4.28 (s, 2H), 4.76

MeO

O |

o)

N

e
o)
7 N (o)

/
\=N

=

(bs, 1H), 4.88 (s, 2H), 5.14 (s, 2H), 6.77-6.97 (m, 6H), 7.29
(d, J = 8 Hz, 2H), 7.37 (d, J = 8 Hz, 2H), 7.57-7.70 (m, 1H),

7.84 (s, 1H), 8.07 (s, 1H). *C NMR (100 MHz, CDCls): &
£ 54.5,55.3, 70.3, 71.6, 75.0, 104.2 (t), 111.8 (d), 114.3 (2C),
114.8 (2C), 122.5 (d), 123.0, 123.4, 123.8, 128.9 (2C), 130.2 (d), 130.7 (2C), 144.3,
151.6, 154.9, 158.1, 158.9 (dd), 161.3, 162.9 (dd), 174.0; IR (Chloroform): 1606, 1746,
3422 cm']; MS (ESI) m/z: 520.24 (M + 1). Anal. Caled. for CysH3F,N30s5: C, 64.74; H,
4.46; N, 8.09 %. Found: C, 64.81; H, 4.23; N, 8.21 %.
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3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-
p-tolylfuran-2(SH)-one (157¢)
Nature: Yellow fluffy solid; MP: 89 °C; Yield: 70%; '"H NMR (200 MHz, CDCl5): &
Me 2.35 (s, 3H), 4.22 (d, J =10 Hz, 1H), 4.29 (d, J =10 Hz, 1H),
4.84 (s, 2H), 4.92 (bs, 1H), 5.11 (s, 2H), 6.74-6.91 (m, 4H),
7.13 (d, J = 8 Hz, 2H), 7.21 (d, J = 8 Hz, 2H), 7.34 (d, J =10
Hz, 2H), 7.55-7.67 (m, 1H), 7.80 (s, 1H), 8.05 (s, 1H); “C
NMR (50 MHz, CDCls): 6 21.2, 54.6, 70.4, 71.5, 74.6, 103.9
F (t), 111.4 (d), 114.5 (2C), 122.5 (d), 123.1, 124.2, 127.1 (2C),
127.6, 129.4 (2C), 130.0 (d), 130.4 (2C), 140.8, 144.2, 150.9, 155.4, 158.1, 158.2 (dd),
163.2 (dd), 173.8; IR (Chloroform): 1607, 1748, 3420 cm’'; MS (ESIT) m/z: 504.14 (M +
1). Anal. Caled. for C,3H»3F,N304: C, 66.79; H, 4.60; N, 8.35 %. Found: C, 66.87; H,
4.50; N, 8.25 %.

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-
(4-fluorophenyl)furan-2(5H)-one (157d)

Nature: Light yellow fluffy solid; MP: 90 °C; Yield: 73%; '"H NMR (200 MHz,
CDCl3): & 4.26 (s, 2H), 4.81 (bs, 1H), 4.86 (s, 2H), 5.12 (s,

NN
N

£Y

E
Q
| o

OHO
o

=

F

2H), 6.75 -6.93 (m, 4H), 6.98-7.10 (m, 2H), 7.28-7.37 (m,
4H), 7.56-7.68 (m, 1H), 7.82 (s, 1H), 8.04 (s, 1H); *C NMR
(50 MHz, CDCL): & 54.6, 70.4, 71.6, 74.8, 104.1 (t), 111.6
(d), 114.8 (2C), 115.9, 116.3, 122.5 (d), 122.8, 125.1, 126.8
(d), 129.3, 129.5, 130.1 (d), 130.5 (2C), 144.3, 151.2, 154.0,

158.3, 158.4 (dd), 163.3 (dd), 163.5 (d), 173.5; IR (Chloroform): 1604, 1751, 3422 em’;
MS (ESI) m/z: 508.15 (M + 1). Anal. Calcd. for Cy;H,0F3N304: C, 63.90; H, 3.97; N,
8.28 %. Found: C, 63.79; H, 4.10; N, 8.19 %.

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-
(2,4-difluorophenyl)furan-2(5H)-one (157¢)

E
F
| o

O

E

Nature: Yellow fluffy solid; MP: 82 °C; Yield: 71%; 'H
NMR (50 MHz, CDCls): & 4.17 (s, 2H), 4.77 (s, 2H), 5.07 (s,
2H), 6.66-6.88 (m, 6H), 7.08-7.28 (m, 3H), 7.47-7.59 (m, 1H),
7.73 (s, 1H), 7.97 (s, 1H); ®C NMR (50 MHz, CDCL): &
54.5,71.0,71.5, 74.7, 104.0 (t), 104.9 (t), 111.5 (d), 112.2 (d),
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114.6 (2C), 115.2 (d), 122.5 (d, 2C), 127.2, 129.9 (d), 130.1 (2C), 131.1 (d), 144.3,
149.8, 151.0, 157.0 (dd), 158.4, 160.6 (dd), 162.1 (dd), 165.7 (dd), 172.7; IR
(Chloroform): 1608, 1751, 3420 cm™'; MS (ESI) m/z: 526.09 (M + 1). Anal. Calcd. for
Co7H19F4N304: C, 61.72; H, 3.64; N, 8.00 %. Found: C, 61.66; H, 3.71; N, 8.11 %.

4-(4-Bromophenyl)-3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)phenyl)furan-2(5H)-one (157f)
Nature: Pale yellow fluffy solid; MP: 98 OC; Yield: 74%; "H NMR (400 MHz, CDCl;):
0 4.26 (s, 2H), 4.69 (bs, 1H), 4.83 (d, J =14 Hz, 1H), 4.92 (d,
O J=14 Hz, 1H), 5.12 (s, 2H), 6.75-6.94 (m, 4H), 7.19 (d, J =8
[_o| Hz, 2H), 7.35 (d, J = 10 Hz, 2H), 7.50 (d, J = 10 Hz, 2H),
Po ¥ 7.56-7.69 (m, 1H), 7.84 (s, 1H), 8.05 (s, 1H). 3C NMR (50
] MHz, CDCl;): 6 54.5, 70.2, 71.7, 75.1, 104.2 (t), 111.9 (d),
F 114.9 (20), 122.6 (d), 122.9, 124.9, 125.9, 128.8 (2C), 129.7,
130.2 (d), 130.6 (2C), 132.3 (2C), 144.3, 151.6, 153.7, 158.5, 158.9 (dd), 162.9 (dd),
173.2; IR (Chloroform): 1606, 1750, 3418 cm™. MS (ESI) m/z: 568.07 (M + 1). Anal.
Calcd. for C,7H,oBrF;N3;04: C, 57.06; H, 3.55; N, 7.39%. Found: C, 57.17; H, 3.66; N,
7.28 %.

Br.

NN
N

£y

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxyphenyl)-4-(4-fluorophenyl)furan-2(5H)-one (157g)
Nature: Yellow solid; MP: 78 °C; Yield: 70%; "H NMR (200 MHz, CDCls): & 3.74 (s,
3H), 4.29 (d, J =10 Hz, 1H), 4.34 (d, J =10 Hz, 1H), 4.82 (d,
O J =14 Hz, 1H), 4.89 (d, J = 14 Hz, 1H), 5.14 (s, 2H), 6.75-
Lol 7.10 (m, 7H), 7.30-7.37 (m, 2H), 7.53-7.86 (m, 1H), 7.81 (s,
o O °| 1H), 8.10 (s, 1H) ; *C NMR (50 MHz, CDCly): § 54.6, 55.8,
70.4, 73.9, 74.9, 104.1 (t), 112.3 (d), 112.9, 116.0, 116.2,
£ 116.3, 122.2, 122.4 (d), 124.4, 126.9 (d), 129.5, 129.6, 130.1
(d), 130.5 (d), 144.3, 148.2, 149.8, 151.3, 154.3, 159.0 (dd), 162.9 (dd), 163.7 (d),
173.2 ; IR (Chloroform): 1603, 1748, 3461 cm™'; MS (ESI) m/z: 538.07 (M + 1). Anal.
Calcd. for CysH,,F3N3O5: C, 62.57; H, 4.13; N, 7.82; %. Found: C, 62.44; H, 4.25; N,
7.90 %.
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3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxyphenyl)-4-(4-bromophenyl)furan-2(5H)-one (157h)
Nature: Yellow solid; MP: 84 °C; Yield: 75%; "H NMR (200 MHz, CDCls): & 3.75 (s,
3H),4.28 (d,J =10 Hz, 1H), 4.33 (d, J =10 Hz, 1H), 4.82 (d,
O J=14 Hz, 1H), 4.89 (d, J = 14 Hz, 1H), 4.90 (bs, 1H), 5.13 (s,
[_o] 2H), 6.75-6.96 (m, 5H), 7.20 (d, J =8 Hz, 2H), 7.50 (d,J =8
Po O ° 1 Hz 2H), 7.54-7.66 (m, 1H), 7.81 (s, 1H), 8.08 (s, 1H); *C
NMR (50 MHz, CDCls): 6 54.6, 55.7, 70.2, 73.6, 74.6, 104.0
F (t), 111.5 (d), 112.7, 115.4, 122.1, 122.3 (d), 123.9, 124.9,
125.8, 128.8 (20), 129.5, 130.0 (d), 132.1 (2C), 144.2, 148.1, 149.6, 150.4, 154.2, 158.9
(dd), 162.7 (dd), 173.0; IR (Chloroform): 1619, 1754, 3448 cm™; MS (ESI) m/z:
599.96 (M + 1). Anal. Caled. for C,3H»BrFoN3;Os: C, 56.20; H, 3.71; N, 7.02 %.
Found: C, 56.37; H, 3.59; N, 7.19 %.

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxyphenyl)-4-(2,4-difluorophenyl)furan-2(SH)-one (157i)
Nature: Yellow solid; MP: 91 °C; Yield: 68%; 'H NMR
O ] (200 MHz, CDCl3): 6 3.73 (s, 3H), 4.29 (d, J = 10 Hz, 1H),
[ o] 431(d,J =10Hz, 1H),4.81 (d,J =14 Hz, 1H), 4.88 (d,J =
Po SIS I Hz, 1H), 5.17 (s, 2H), 6.74-6.98 (m, 7H), 7.17-7.29 (m,
1H), 7.52-7.65 (m, 1H), 7.80 (s, 1H), 8.09 (s, 1H) ; *C NMR
F (50 MHz, CDCl3): 6 54.6, 55.6, 71.0, 73.5, 74.6, 104.0 (t),
105.0 (t), 111.7 (d), 112.4 (d), 115.1, 115.2 (d), 121.9 (2C), 122.6 (d), 123.7, 127.2,
130.0 (d), 131.2 (d), 144.3, 148.1, 149.4, 150.2, 150.7, 157.1 (dd), 160.7 (dd), 162.0
(dd), 165.8 (dd), 172.5; IR (Chloroform): 1611, 1752, 3468 cm’'; MS (ESI) m/z: 556.03
(M + 1). Anal. Calcd. for Cy3H, F4sN3Os: C, 60.54; H, 3.81; N, 7.56 %. Found: C,
60.46; H, 3.73; N, 7.49 %.

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-

a (thiophen-2-yl)furan-2(5H)-one (157j)

Nature: Pale yellow fluffy solid; MP: 94 °C; Yield: 65%; 'H
o | NMR (200 MHz, CDCls): 6 4.28 (s, 2H), 4.85 (s, 2H), 4.12 (s,

F 2H), 5.17 (bs, 1H), 6.74-7.06 (m, 5H), 7.23-7.49 (m, 4H),

7.55-7.67 (m, 1H), 7.80 (s, 1H), 8.06 (s, 1H). *C NMR (100
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MHz, CDCl3): 6 54.6, 70.2, 71.6, 74.8, 104.1 (t), 111.6 (d), 114.7, 114.9, 122.5 (d),
125.7, 126.7, 127.5, 130.1 (d), 130.6, 130.8, 131.7, 132.4, 144.3, 149.2, 150.2, 151.1,
158.3 (dd), 158.6, 163.3 (dd), 173.9; IR (Chloroform): 1606, 1747, 3418 cm’'; MS (ESD)
m/z: 496.13 (M + 1). Anal. Calcd. for C,sH;9F,N304S: C, 60.60; H, 3.86; N, 8.48 %.
Found: C, 60.76; H, 3.69; N, 8.38 %.

Preparation of 5-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)benzylidene)-3-(4-chlorophenyl)-4-(2,4-difluorophenyl)furan-2(5H)-one
(159a)

To a stirred solution of compound 168a (0.85 g, 2.78 mmol) and 4-(2-(2,4-
difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)benzaldehyde 132a (1.0 g,
2.78 mmol) in methanol, piperidine (0.2 mL, 1.94 mmol) was added slowly under
nitrogen atmosphere at room temperature and the reaction mixture was stirred for
another 15 h. The precipitate obtained was filtered through Whatman filter paper, washed
with 10% HCI followed by excess of water and finally by ethyl acetate in petroleum
ether (10:90) to give pure compound 5-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-
1,2,4-triazol-1-yl)propoxy)benzylidene)-3-(4-chlorophenyl)-4-(2,4-difluorophenyl)furan-
2(5H)-one 159a as bright yellow solid (1.37 g, 76%).

Nature: Bright yellow solid; MP: 95 °C; Yield: 76%; "H NMR (200 MHz, CDCl3): &
4.26 (d, J = 10 Hz, 1H), 4.31 (d, J = 10 Hz, 1H), 4.84
(d, J =14 Hz, 1H), 4.89 (d, J = 14 Hz, 1H), 4.93 (bs,
1H), 5.81 (s, 1H), 6.74-7.10 (m, 6H), 7.22-7.38 (m, 5H),
7.56-7.65 (m, 1H), 7.70 (d, J = 8 Hz, 2H), 7.80 (s, 1H),

8.05 (s, 1H) ; *C NMR (50 MHz, CDCly): & 54.4, 71.6,
74.9, 104.2 (t), 105.3 (t), 111.8 (d), 112.9, 113.7, 114.2
(d), 1149 (2C), 122.3 (d), 1249 (d), 126.5, 127.8,
128.6, 128.7 (2C), 129.5 (2C), 130.2 (d), 131.8 (d), 132.4, 135.0, 143.6, 144.3, 146.1,
151.5, 157.9 (dd), 158.8, 160.4 (dd), 162.1 (dd), 164.6 (dd), 167.9; IR (Chloroform):
1602, 1759, 3421 cm’'; MS (ESI) m/z: 649.19 (M + 1). Anal. Caled. for
C34HnCIF4N304: C, 63.02; H, 3.42; N, 6.48 %. Found: C, 63.19; H, 3.29; N, 6.33 %.

The following compounds 159b-¢ were prepared by using the procedure given for the

preparation of compound 159a.
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5-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yDpropoxy)benzylidene)-3-(3,4-dichlorophenyl)-4-(2,4-difluorophenyl)furan-2(5H)-
one (159b)

Nature: Bright yellow fluffy solid; MP: 97 °C; Yield: 78%; '"H NMR (200 MHz,
CDCl3): 6 4.24 (d, J =10 Hz, 1H), 4.37 (d, J = 10 Hz,
1H), 4.80 (bs, 1H), 4.97 (d, J = 14 Hz, 1H), 5.07 (d, J =
14 Hz, 1H), 5.84 (s, 1H), 6.78-6.95 (m, 4H), 6.99-7.22
(m, 3H), 7.29-7.41 (m, 2H), 7.48-7.65 (m, 2H), 7.72 (d,
F J = 8 Hz, 2H), 7.97 (s, 1H), 8.93 (s, 1H); “C NMR
(100 MHz, CDCl3): & 54.7, 71.6, 74.8, 104.2 (t), 105.4
(2C, t), 111.8 (d), 112.6 (d), 113.7, 113.8 (d), 115.0
(20), 122.1 (d), 123.6, 126.4, 127.3, 129.3, 130.0, 130.1 (d), 130.4, 131.7 (d), 132.6
(20), 132.7, 133.1, 144.1, 144.3, 145.9, 150.3, 158.9 (dd), 159.0, 159.4 (dd), 162.2 (dd),
164.7 (dd), 167.6; IR (Chloroform): 1613, 1755, 3422 cm™'; MS (ESI) m/z: 683.11 (M +
1), 705.09 (M + Na). Anal. Caled. for C;4H, CLLF4N3O4: C, 59.84; H, 3.10; N, 6.16 %.
Found: C, 59.70; H, 3.22; N, 6.33 %.

4-(4-Bromophenyl)-5-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yDpropoxy)benzylidene)-3-(4-methoxyphenyl)furan-2(5H)-one (159¢)

Nature: Bright yellow solid; MP: 113 °C; Yield: 80%; "H NMR (200 MHz, CDCls): &
3.78 (s, 3H), 4.26 (d, J = 10 Hz, 1H), 4.31 (d, J =10
Hz, 1H), 4.83 (d, J = 14 Hz, 1H), 491 (d, J = 14 Hz,
1H), 5.82 (s, 1H), 6.75-6.91 (m, 7H), 7.22 (d, J = 10
Hz, 2H), 7.56-7.73 (m, 5H), 7.71 (d, J = 10 Hz, 2H),
T 7.83 (s, 1H), 8.05 (s, 1H); *C NMR (50 MHz, CDCly):
o 54.5, 55.1, 71.6, 74.8, 77.2, 104.1 (t), 111.7 (d),
111.9, 113.8 (2C), 114.8 (2C), 122.4 (d), 123.7, 126.8,
129.6, 130.1 (d), 130.4 (2C), 130.7, 132.1 (2C), 132.2 (2C), 144.2, 146.8, 147.1, 151.4,
158.5, 158.8 (dd), 159.8 (2C), 162.8 (dd), 164.9 (dd), 168.8; IR (Chloroform): 1603,
1754, 3421 cm™; MS (ESI) m/z: 687.09 (M + 1). Anal. Caled. for C3sHysBrFoN;Os: C,
61.23; H, 3.82; N, 6.12 %. Found: C, 61.43; H, 3.69; N, 6.01 %.

Preparation of 5-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propoxy)benzylidene)-2-thioxothiazolidin-4-one (170a)
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A mixture of aldehyde 132a (2.0 g, 5.57 mmol), thodanine 169 (0.735 g, 5.57 mmol) and
sodium acetate (0.450 g, 5.57 mol) in acetic acid (0.84 mL, 16.7 mmol) was allowed to
stir at 85 °C for 2 h under nitrogen atmosphere. It was then cooled to room temperature,
quenched with ice in ethanol and allowed to stir overnight. The precipitate obtained was
filtered through Whatman filter paper and washed with excess water to give pure
compound 5-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propoxy)benzylidene)-2-thioxothiazolidin-4-one 170a as yellow solid (2.53 g, 96%).
Nature: Yellow solid; MP: 193 °C; Yield: 96%; '"H NMR (200 MHz, CDCl; + DMSO-

0 de): 6 3.83 (s, 2H), 4.21 (d, J = 14 Hz, 1H), 4.34 (d, J = 14
o OH OM’“H Hz, 1H), 6.30-6.40 (m, 2H), 6.49 (d, J = 10 Hz, 2H), 6.92
=N F (d, J=10 Hz, 2H), 7.00 (s, 1H), 7.02-7.11 (m, 1H), 7.32 (s,
1H), 8.01 (s, 1H), 9.33 (bs, 1H); *C NMR (50 MHz,
CDCl;+ DMSO-dg): 6 53.5, 71.0, 73.0, 102.8 (t), 110.1 (d),
114.4 (2C), 122.0, 122.2 (d), 125.1, 129.2 (d), 130.4, 131.2 (2C), 143.7, 149.6, 157.2
(dd), 159.2, 162.4 (dd), 168.6, 194.1; IR (Chloroform): 1630, 1739, 3455 cm'; MS
(ESI) m/z: 475.06 (M + 1).

The following compounds 170b-d were prepared by using the procedure given for the

preparation of compound 170a.

5-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3-
methoxybenzylidene)-2-thioxothiazolidin-4-one (170b)
Nature: Yellow solid; MP: 168 °C; Yield: 95.8%; '"H NMR (200 MHz, CDCl; +
o | DMSO-dg): 8 3.85 (s, 3H), 4.36 (s, 2H), 4.78 (d, J = 14 Hz,
o J@/\ﬁ(ﬁm 1H), 4.89 (d, J = 14 Hz, 1H), 6.26 (bs, 1H), 6.82-6.93 (m,
Foome S | 2H), 6.99-7.11 (m, 3H), 7.53-7.63 (m, 2H), 7.70 (s, 1H),
7.87 (bs, 1H), 8.31 (s, 1H); *C NMR (50 MHz, CDCl; +
DMSO-dg): & 53.1, 54.6, 71.9, 72.8, 102.4 (t), 109.7 (d),
112.4, 113.1, 122.0 (d, 2C), 123.3, 125.5, 129.0 (d), 130.4, 143.5, 148.3, 148.9, 149.2,
158.1 (dd), 162.0 (dd), 168.2, 193.8; IR (Chloroform): 1633, 1737, 3494 cm™'; MS (ESI)
m/z: 505.04 (M + 1).

Y

N

—

i

5-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-3,5-
dimethoxybenzylidene)-2-thioxothiazolidin-4-one (170c)
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Nature: Yellow solid; MP: 172 °C; Yield: 94%; "H NMR (200 MHz, CDCl; + DMSO-
o || de): 8 3.74 (s, 6H), 4.14 (d, J = 10 Hz, 1H), 4.21 (d, J = 10
on EZMNH Hz, 1H), 4.64 (d, J = 14 Hz, 1H), 475 (d, J = 14 Hz, 1H),
Foove S | 6.51(s, 2H), 6.58-6.69 (m, 2H), 7.29-7.41 (m, 3H), 7.65 (s,
1H), 8.23 (bs, 1H); *C NMR (50 MHz, CDCl; + DMSO-
de): 8 53.3, 55.0 (2C), 73.6, 75.8, 102.6 (1), 106.3 (2C),
109.9 (d), 121.4 (d), 124.1, 128.1, 129.1 (d), 130.5, 137.5, 143.6, 149.5, 151.9 (2C),
157.5 (dd), 162.3 (dd), 168.4, 193.9; IR (Chloroform): 1632, 1740, 3413 cm’™’; MS (ESI)
m/z: 535.06 (M + 1).

Né\

—

.

5-(3-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)-4-
methoxybenzylidene)-2-thioxothiazolidin-4-one (170d)
Nature: Yellow solid; MP: 242 °C; Yield: 90%; 'H NMR (200 MHz, CDCls): 6 3.64
o (s, 3H), 4.09 (d, J= 10 Hz, 1H), 4.14 (d, J = 10 Hz, 1H), 4.56
o e OK)L (d, J = 16 Hz, 1H), 4.68 (d, J = 16 Hz, 1H), 6.60-6.69 (m,
“NE;(TF s ° | 3H), 6.77-6.96 (m, 3H), 7.31-7.43 (m, 2H), 7.54 (s, 1H), 8.15
s (s, 1H); *C NMR (50 MHz, CDCl; + DMSO-d¢): & 53.2,
549, 73.2, 74.8, 104.5 (t), 109.2 (d), 111.8 (2C), 116.2, 118.8, 122.1 (d), 125.4, 129.3

(d), 130.6, 143.7, 147.9, 151.6 (2C), 1583 (dd), 162.2 (dd), 168.3, 193.5; IR
(Chloroform): 1634, 1738, 3425 cm™; MS (ESI) m/z: 505.06 (M + 1).

3-(4-(2-(2,4-Difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-

(2,4-difluorophenyl)-5-methylfuran-2(5H)-one (166a)

The compound 166a was prepared by using the procedure given for the preparation of

compound 157a.

Nature: Off-white fluffy solid; MP: 76 °C; Yield: 63%; "H NMR (200 MHz, CDCl;): &

1.39 (d, J = 6 Hz, 3H), 4.22 (d, J = 10 Hz, 1H), 4.26 (d, J =

D ] 10 Hz, 1H), 4.61 (bs, 1H), 4.82 (d, J = 14 Hz, 1H), 4.90 (d, J

on O / OO =14 Hz, 1H), 5.47-5.58 (9, J = 6 Hz, 1H), 6.73-6.98 (m, 6H),

NN © 7.07-7.18 (m, 1H), 7.73 (d, J = 8 Hz, 2H), 7.55-7.67 (m, 1H),

7.83 (s, 1H), 8.04 (s, 1H); *C NMR (50 MHz, CDCl;): &

= 18.4, 54.6, 71.5, 74.9, 78.2, 104.2 (t), 105.0 (t), 111.7 (d),
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112.4 (d), 114.6 (2C), 122.4 (d), 122.6, 122.7 (d), 127.5, 129.9 (d), 130.2 (2C), 131.3 (d),
144.3, 151.2, 154.7, 158.3 (dd), 158.4, 159.2 (dd), 163.4 (dd), 164.2 (dd), 171.8; IR
(Chloroform): 1608, 1750, 3421 cm™; MS (ESI) m/z: 540.08 (M + 1).
Preparation of 3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
y)propoxy)phenyl)-4-(2,4-difluorophenyl)-5-hydroxy-5-methylfuran-2(5H)-one
(167a)
To a stirred solution of compound 167a (0.539 g, 1 mmol) in acetonitrile (15 mL), was
added DBU (0.228 g, 1.5 mmol) in presence of air and allowed to stir at room
temperature for 3 h. The acetonitrile was evaporated and the product was extracted with
ethyl acetate and purified by column chromatography to give the pure compound 3-(4-
(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propoxy)phenyl)-4-(2,4-
difluorophenyl)-5-hydroxy-5-methylfuran-2(5H)-one 167a as off-white fluffy solid (366
mg, 66%).
Nature: Off-white fluffy solid; MP: 104 °C; Yield: 66%; "H NMR (200 MHz, CDCl3):
0 1.65 (s, 3H), 4.17 (d, J =12 Hz, 1H), 4.23 (d, J = 12 Hz, 1H), 4.81 (s, 2H), 6.73 (d, J =
F i 10 Hz, 2H), 6.77-7.03 (m, 4H), 7.28 (d, J = 10 Hz, 2H),
O " 7.54-7.69 (m, 3H), 7.79 (s, 1H), 8.08 (s, 1H); *C NMR (50
on O / oo MHz, CDCls): 6 23.9, 54.7, 71.4, 74.7, 77.2, 104.2 (t), 105.3
@ © (t), 105.5, 111.7 (d), 112.2 (d), 114.4 (2C), 122.3 (d), 122.6
(d), 122.7, 129.0, 129.8 (2C), 130.1 (d), 131.0 (d), 144.4,
- 150.8, 158.4, 158.5 (dd), 159.7 (dd), 163.6 (dd), 165.2 (dd),

170.1; IR (Chloroform): 1607, 1755, 3406 cm™; MS (ESI) m/z: 556.17 (M + 1).

N™
\=N F

Preparation of 3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yD)propoxy)phenyl)-4-(2,4-difluorophenyl)-5-methylenefuran-2(5H)-one (158a)
A mixture of compound 167a (0.770 g, 1.38 mmol) and PTSA (0.346 g, 1.80 mmol)

F dissolved in toluene was allowed to stir at 110 °C for 5 h

O i under nitrogen atmosphere. It was then cooled to room

O temperature, toluene was evaporated and the product was

7N e o ° extracted with ethyl acetate and purified by column

chromatography to give the pure compound 158a as yellow
£ flufty solid (406 mg, 53%).

Nature: Yellow fluffy solid; MP: 91 °C; Yield: 53%; '"H NMR (200 MHz, CDCl;): &

4.21 (d, J =10 Hz, 1H), 4.26 (d, J = 10 Hz, 1H), 4.55 (bs, 1H), 4.73 (d, J = 4 Hz, 1H),
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4.81 (d, J =14 Hz, 1H), 4.90 (d, J = 14 Hz, 1H), 5.30 (d, J = 4 Hz, 1H), 6.74-7.06 (m,
6H), 7.24-7.32 (m, 1H), 7.40 (d, J = 8 Hz, 2H), 7.54-7.67 (m, 1H), 7.85 (s, 1H), 8.02 (s,
1H); *C NMR (100 MHz, CDCLy): & 54.4, 71.6, 75.1, 96.4, 104.2 (t), 105.2 (t), 111.9
(d), 112.3 (d), 114.4 (d), 114.6 (2C), 122.3 (d, 2C), 128.8, 130.0 (d), 130.1 (2C), 131.8
(d), 140.0, 144.3, 151.7, 154.1, 158.3 (dd), 158.8, 160.5 (dd), 162.1 (dd), 164.6 (dd),
168.0; IR (Chloroform): 1606, 1766, 3431 cm™'; MS (ESI) m/z: 538.17 (M + 1).

4-(4-Bromophenyl)-3-(4-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-

yD)propoxy)phenyl)-5-methylenefuran-2(5H)-one (158b)

The compound 158b was prepared by using the procedure given for the preparation of

compound 158a.

Br.

=

Q

|

o]

O

Nature: Pale yellow fluffy solid; MP: 87 °C; Yield: 57%; 'H
NMR (200 MHz, CDCl3): & 4.23 (s, 2H), 4.77-4.91 (m, 3H),
5.32 (d, J =4 Hz, 1H), 6.74-6.90 (m, 4H), 7.18 (d, J = 8 Hz,
2H), 7.36 (d, J = 10 Hz, 2H), 7.55-7.62 (m, 3H), 7.84 (s, 1H),
8.05 (s, 1H) ; IR (Chloroform): 1608, 1767, 3421 cm’'; MS
(ESI) m/z: 581.22 (M + 1).
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2.2.7 Selected spectra

161a: "H NMR (200 MHz, CDCl; + DMSO-de)
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160a: '"H NMR (200 MHz, CDCLy)
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157a: '"H NMR (200 MHz, CDCls)
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"H NMR (200 MHz, CDCl;)
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"H NMR (200 MHz, CDCl;)
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"H NMR (200 MHz, CDCl;)
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170c: "H NMR (200 MHz, CDCl; + DMSO-ds)
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3.1.1 Abstract

A short synthetic strategy for 3,6-disubstituted-N-2-thienyl/aryl-indoles, involving
reaction of substituted 2,4-difluoro/dichloro-styrene epoxide with substituted 2-
formylaminothiophenes or substituted N-formylanilines in presence of a base followed by
treatment with an acid, has been developed. The method was applied for the synthesis of a

number of indoles with a variety of substituents at 1, 3 and 6 positions of the indole moiety.

3.1.2 Introduction

Substituted indoles are the most common and important heterocycles in nature'.
Additionally, the indole motif is represented within a range of pharmaceutical agents and
materials (Figure 1). In nature, substituted indoles serve various purposes that range from
cell signaling agents and biological function (seratonin 171), to the structural building
blocks of proteins (tryptophan 172). Many indole-containing natural products, including
well-known indole plant alkaloids such as strychnine 173 and yohimbine 174 have been
identified for their biological uses. Of the many types of substituted indoles, one particular
sub-class of interest is those indoles bearing substitution at the C(2) and C(3) positions, and
several promising therapeutic agents belong to this class. Gonadotropin releasing hormone
antagonist 175 was identified for the treatment of developmental disorders.” Compound 176
is a glycine receptor antagonist that was identified for the treatment of stroke’, and
fluvastatin 177 is a drug for the treatment of primary hypercholesterolemia®.

The natural rareness of such important substances and the chemical challenges that
their structures pose, have created a great deal of interest in the development of fully
synthetic routes to these indole alkaloids. Therefore the search for efficient synthesis of
indoles has inspired chemists to design and synthesize a variety of indoles and indole

derivatives.
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NH, NH2
HO COOH
N A\
N
N
N H
171: Serotonin 172: Tryptophan 173

N N
H H .
Meo—, ©H
(@)
174:Yohimbine
NH,»
O COOEt
Cl |
O N—CcooEt
N
Cl H
176 177: Fluvastatin

Figure 1. Selected examples of biologically active indoles.

3.1.3 Review of literature

Preparation of indoles

There is an immense volume of literature available on indole synthesis and is

summarized in many excellent reviews so brief outlines of the most significant

developments are revealed here. The first preparation of indole dates from 1866 but the

Fisher indole synthesis, which remains one of the most versatile methods for preparing

indoles, was first reported in 1883°. The principal commercial source of indole is extraction

from coal tar, although the feasibility of industrial synthesis from starting materials such as

aniline, ethylene glycol and others has also been demonstrated’. Indole (179) itself was first

obtained by Adolf Baeyer by pyrolysis of oxindole (178) with zinc dust in 1886. Oxindole
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(178) was obtained from the reduction of isatin (180) which was obtained from oxidizing the

natural insoluble dark blue dye called indigo (181) as shown in Scheme 1.

‘i(—)t‘ Oxidation ©\J§: Reduction Pyrolysis ©\/>
N

181 180 178 179

Scheme 1. Synthesis of indole

Although the main source of indole is extraction from coal tar, many researchers
have reported synthetic methods for the preparation of various substituted indoles from
readily available starting materials owing to their importance in natural products synthesis
and pharmaceutical chemistry. One of the most widely used methods as mentioned
previously is the Fischer indole synthesis’. This method involves heating phenylhydrazine
(182) with aldehyde or ketone 183 in presence of zinc chloride in acetic acid, forming
phenylhydrazone 184 which subsequently rearranges with the loss of ammonia to give

indole (179) or 2, 3-disubstituted indoles 185 as outlined in Scheme 2.

0]

\)J\R R’

R1
Oy e Q fo— O
Hz /=R N
N

ZnCly, AcOH, HN— H
170 °C

. =R =H-
182 184 179:R=R'=H;

185: R = R" = alkyl, aryl

Scheme 2. Fischer indole synthesis

Other methods include the Gassman indole synthesis®, Reissert indole synthesis’,
Leimgruber-Batcho indole synthesis®, Madelung indole synthesis’ and Bischler indole
synthesis'® to name a few. Both the Reissert and Leimgruber-Batcho syntheses depend on
the acidity of methyl group ortho to an aromatic nitro group while Madelung synthesis
proceeds via a Wittig-type reaction''. The Reissert synthesis is suitable for the preparation

of 2-substituted indoles. For example, when 1-methyl-2-nitrobenzene (186) is treated with
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dimethyl oxalate (187) in the presence of sodium methoxide as a base, it gave methyl 3-(2-
nitrophenyl)-2-oxopropanoate (188), which upon catalytic hydrogenation (H,, Pd-C)
reduced the nitro group to an amino group followed by a spontaneous cyclodehydration to

give indole-2-carboxylic acid methyl ester (189) (Scheme 3)12.
MeOIO
OMe COOMe
m M PdC N—cooMe
NO, NaOMe -HZO N

186 188 189
Scheme 3. Synthesis of methyl 1H-indole-2-carboxylate

On the other hand, the Leimgruber-Batcho synthesis is particularly suitable for the
synthesis of indoles with substituents on the benzene ring but no substituents on the pyrrole
moiety. In this method, substituted 1-methyl-2-nitrobenzene 190 is treated with N,N-
dimethylformamide dimethyl acetal 191 to give substituted 1-dimethylamino-2-(0-
nitrophenyl)ethene 192, which on reductive cyclization yielded substituted indole 193
(Scheme 4). Madelung synthesis (not illustrated) is essentially limited to the preparation of
2-alkylindoles due to the vigorous reaction conditions, while Bischler synthesis (not

illustrated) is particularly suitable for 2- and 3-disubstituted indoles'?.

\j\l\/
MeO~ "OMe I_
X 191 X N H,, Pd-C X A
R+ _ ——» R _ —_— RT/
NO, NO, N
190 192 193

Scheme 4. Synthesis of substituted indoles

Up until now the methods discussed in the synthesis of indole have nitrogen atom
bonded directly to an arene. Only a few indole syntheses make use of building blocks in
which the nitrogen atom is not directly bonded to arene. The Nenitzescu synthesis is an
example of this type. In this synthesis, 1,4-quinone 194 is condensed with (E)-methyl 3-
aminobut-2-enoate (195) by a Michael addition to give (E)-methyl 3-amino-2-(2,5-
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dihydroxyphenyl)but-2-enoate (196). When the compound 196 was subjected to oxidation, it
gave (E)-methyl 3-amino-2-(3,6-dioxocyclohexa-1,4-dienyl)but-2-enoate (197) which was
followed by a cyclodehydration to give methyl 2-methyl-5-oxo0-5H-indole-3-carboxylate
(198) and the reduction of the compound 198 furnished 2,3-disubstituted indole, methyl 5-
hydroxy-2-methyl-1H-indole-3-carboxylate (199) (Scheme 5)'?. This method provides a
rapid resource of preparing functionalized 5-hydroxyindoles from simple, readily accessible

starting materials'>, and the hydroxyl group can also be introduced onto the indole nucleus'.

COOMe

0 £ COOMe . COOMe
N s HO N Oxidation A
— - > NH, -HO
NH,
OH
(@]
194 196 197
o Reduction N\
N x>
198 199

Scheme 5. synthesis of 2,3- substituted indoles

In addition, more modern approaches to the synthesis of substituted indoles have
emerged that take advantage of the current advances in transition metal chemistry'. Some
newer methods to construct 2,3-disubstituted indoles include the radical cyclization of 2-
alkenylisocyanides'®, reductive cyclization of acylamido carbonyl compounds'’, cyclization
of N-(2-halophenyl)allenamides'®, palladium-catalyzed cyclization of  2-
alkynyltrifluoroanilines in the presence of an alkenyl- or aryl halide'’, and palladium-
catalyzed cyclization of 2-iodoanilines 200 with disubstituted alkynes 201. Among these, the
Larock indole synthesis®® has emerged as a versatile and powerful method for the formation

of substituted indoles 202 (Scheme 6).
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5% Pd(OAC),, LiX, n-R’
| Base, DMF, 100 °C A\ )
©i + n-R'——n-R? > n-R
N
NHR R
200 201 202

Scheme 6. Larock indole synthesis

However, many of these methods suffer from several drawbacks (e.g., the use of
either unstable diazo compounds or moisture-sensitive organometallic reagents or expensive
catalysts) and are only useful for the synthesis of specific indole derivatives. Moreover,
some of them involve multistep synthesis and are not suitable for the preparation of these
compounds in large quantity. The diversity of indoles as well as their biological and
pharmaceutical relevance is still motivating academic and industrial researchers to look for
new and improved syntheses for indole derivatives. In the present work, we have developed
a short synthesis of substituted indoles from substituted styrene epoxides and the results are

presented in this section.

3.1.4 Present work
3.1.4.1 Objective

N-Substituted 3-((1H-imidazol-1-yl)methyl)-1H-indoles of general structure 203
(Figure 2) are known to exhibit antifungal activity *'. We desired to develop a general
method for the synthesis of the compounds with general structure 204 wherein the
substituted benzyl group in compound 203 would be replaced with various structural units

for the study of the antifungal activity.

%\N R? RN\ __

N=/ — N—Ar

N 1/
R’ I AN |
_JR?

203 204
Figure 2. General structures of substituted indoles 203 and 204
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3.1.4.2 Results and discussion

The retrosynthetic analysis for the preparation of compounds depicted by general

formulae 204 and 211 is shown in Scheme 7.

OH
R OH o}
— _ R R NA ANyoar R
N-Ar Acid N-Ar Base H e
R — R — 7 X 205 X
R_\ | ——> R4 |
204 207

206 32
U NaN3
Jl R-X
R

R pH T NH R N
— ) 3
N-H Acid Base R 2 Reduction
RI-  — NH — = X  — ] = X
R1_ R1—\ | R _\ |
210 209

211
Scheme 7. Retrosynthetic analysis for substituted indoles 204 and 211

Compound 204 could be synthesized by the opening of epoxide 32 with suitable nitrogen
nucleophile 205 to give intermediate hydroxy amine 206 which in turn would react with
halogen on aromatic ring in an intramolecular fashion to give the resultant 2,3-dihydro-3-
hydroxyindole system 207 which upon treatment with an acid would result in dehydration
providing the desired indole moiety 204 as depicted in Scheme 7. Alternatively, the epoxide
32 could be converted into the haloaminoalcohol 209 via the azide 208 and the indole
moiety 211 could be constructed by treatment of 209 with a base followed by an acid. The
indole 211 could then be alkylated™ to get the desired chemical entities 204. Our efforts in
this direction resulted in the development of a method for the synthesis of substituted
indoles and the results are presented in this section.

The synthesis of the N-thienyl-substituted indoles 204 was carried out via the route
shown in Scheme 8. The reaction of epoxide 32 (Synthesis of epoxide 32* has been
described in Chapter 1, Scheme 6) with n-formylated substituted aminothiophene 77
(Synthesis of n-formylated aminothiophene 77 has been described in Chapter 1, Scheme 9)
was attempted under various conditions and it was found that the reaction in presence of
potassium carbonate and tetra-n-butylammonium bromide in DMF afforded the alcohol 207

which on treatment with dilute hydrochloric acid gave the desired indole 204. It was
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observed that the N-2-thienyl-3-hydroxyindolines 207 with imidazolylmethyl substituents
were stable while the 3-hydroxyindolines 207 with triazolylmethyl or benzotriazolylmethyl
substituents were prone to dehydration, resulting in the corresponding N-2-thienylindoles,
on silica gel during column chromatography or in solution (The NMR samples kept for a

few days showed complete conversion into indoles).

0 ol R R’ R NG R
R X M N— | N
H™ "N"~Ng”R2 s N |
X H R2 S o
_—
X X X
32 R'=H, Akyl, R2= Alkyl: | 207 204
R'=R?= -(CHy)y- (204 R R’ R? X
- a |1H-1,24-triazol-1-yl H (CH,),CH; F
32a: 1H-1,2,4-triazol-1-yl, X =F b |1H-1,2,4-triazol-1-yl  ~(CH,)s- F
32e: imidazolyl, X =F ¢ |1H-1,2,4-triazol-1-yl H (CH,)4CH; ClI
32f: benzimidazolyl, X = F d |imidazolyl H (CH,),CH,4 F
32g: benzotriazolyl, X = F e |imidazolyl H  (CHysCH; F
f |imidazolyl -(CH5)s- F
g |imidazolyl Me  (CHp)sCH; F
h |benzimidazolyl H (CH,)4CH; F
i |benzotriazolyl H (CH.)4,CH;  F

Scheme 8. Reagents and conditions: i) K,CO;, TBAB, DMF, 80 °C, 80-90% i1) 50% HCI, EtOAc, rt,
0.5-1 h, 58-85%.

The structures of the products 204 were assigned based on '"H NMR, °C NMR, IR
and mass spectroscopy. In '"H NMR spectrum, a singlet in the range of & 5.30-5.80 was
observed for methylene protons attached to indole. The formation of compound 204 was
further confirmed by the *C NMR in which the compound showed intricacies of various
E-C couplings. The CH carbon flanked between two fluorine atoms in epoxide 32
showed triplet in the range of 6 103-104 which appeared as a doublet in the range of 6 103-
104, indicating the formation of compound 204. Also it was observed that the carbons
attached to fluorine atoms in epoxide 32 showed two doublet of doublets in the range of 6
156-165 while in case of the compound 204 only one doublet of doublet was seen, clearly
indicating the formation of compound 204. This was further supported by mass

spectroscopy.
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It was observed that the reaction sequence tolerated replacement of imidazole moiety
in the epoxide by benzimidazole, benzotriazole, triazole etc and the 2,4-difluorophenyl
group could be replaced by 2,4-dichlorophenyl group to afford various N-2-thienyl-indoles.
Alkyl or cycloalkyl substituents on thiophene ring were also tolerated making the synthetic
sequence suitable for generating molecules having varied functionalities. It is noteworthy
that this synthetic strategy is also important from the point of synthesis of highly
functionalized indolines 207 which can be used*® in the synthesis of biologically active
compounds and their analogues. The epoxide 32a could be reacted with N-formyl-4-
nitroaniline 212a to generate N-aryl-indole 204j. In the case of N-formyl-4-chloroaniline
212b, the intermediate 206a was isolated which on treatment with potassium t-butoxide in
DMF followed by treatment with aq. HCI in ethyl acetate afforded the corresponding indole
204k as shown in Scheme 9.

OHCHN OH NP
O NN OR =\ =
/

)
Z\z
mn IZ

212a: R = NO, ——
212b: R=Cl 206a: R=Cl 204j: R = NO,
204k: R=CI
Scheme 9. Reagents and conditions: i) K,CO;, DMF, 80 °C; 80-90% ii) a) t-BuOK, DMF, 90-100
°C; b) 50% HCI, EtOAc, tt, 0.5-1 h, 60-70%.

Using the above synthetic strategy, a number of compounds were prepared to check
the generality of the reaction sequence as shown in Table 1.

Table 1: Synthesis of substituted indoles.

Sr Epoxide 32 Reactant 77 or 212 Indole 204 Yield
no %
PPN
N NC NC
=N ;\ n NN
1 F N n-Pent \=N N |
O R s S7 “n-Pent 80
7n
F
F
32a 204a
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I N NC
"l DD
32a I l/_@ AN 82
o N S
H
770 F 204b
o N NC
N. 7 N N—
<//JN <N’J N@
N o 77n S~ “n-Pent 58
o]
304 204c
NC
i H NC e,
(/\N )\ ﬂ\ N N | 65
N/J F o H g~ Pr ST Pr
771
F
E 204d
32e
a NC
32e h@ Y 705
7 S™ “n-Pent
F
204e
NC
N
H NC @ B =d
32e PN s 57.5
O g s
7p F 204f
NC
7 N — Me
h NC Me @ N— |
32e )\ M $7 “n-Hex 62
o H s n-Hex
779 F
204g
N Q\N NG
=] . 77n N= N— ] 63
S n-Pent
F F
32f 204h
e T
N=N - 77n N=N z N 84
S n-Pent
F F
329 204h
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N
10 32a © H—@NOZ

212a F 204j
¢
j\ = N cl
. 32a o N@C' 67
212b F 204k

After the successful synthesis of 3,6-disubstituted-N-2-thienyl/aryl-indoles 204, the

synthesis of 3,6-disubstituted indoles 211 was achieved as shown in Scheme 10.

0 OH OH
R R N, R NH; R™ N=
NH
X i X X i
— — —»
X X X X
32 208 209 211

211a: R = 1H-1,2 4-triazol-1-yl, X = F
211b: R=H, X=Cl,

32a: R = 1H-1,2,4-triazol-1-yl, X = F
32h:R=H, X =Cl

Scheme 10. i) a) NaN3;, MeOH, NH,Cl, reflux, 12-15 h; ii) H,, Pd-C, EtOH, rt, 6-8 h, 80-
85% over 2 steps iii) a) t-BuOK, dry DMF, 90 °C, 3-5 h; b) HCI, H,0, EtOAc, rt, 0.5-1 h,
56- 85% over 2 steps.

The epoxide 32%°

was converted into the aminoalcohol 209 by reaction with
sodium azide followed by hydrogenation®. Reaction of the halogenated aminoalcohol 209
with potassium t-butoxide followed by acidic work up afforded the desired substituted
indole 211 in good yields. These indoles 211 could be used as intermediates to prepare
analogues of various compounds exhibiting antifungal activity”. The substituted indoles 211

could be alkylated” by known methods to get the N-substituted indoles 204.

3.1.5 Conclusion

In conclusion, a two-step method for the synthesis of N-2-thienyl/aryl-indoles 204 from
easily prepared 2-formylaminothiophenes 77 or N-formylanilines 212 and the styrene

epoxides 32 has been developed. The benzotriazole moiety in compounds of the type 204h
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could be replaced”***

with different structural units to get various other compounds. The
reaction sequence has a potential to generate a large number of novel indoles and

hydroxyindolines with a wide variety of functional groups.

3.1.6 Experimental Section

The epoxides 32e-h were prepared by using the procedures® given for the preparation of

epoxide 32a as described in Chapter 1.

1-((2-(2,4-Difluorophenyl)oxiran-2-yl) methyl)-1H-imidazole (32e)>*

Nature: Brown sticky solid; Yield: 78%; 'H NMR (200 MHz, CDCl5): 6 2.80 (d, J =6 Hz,
1H), 2.89 (d, J = 6 Hz, 1H), 4.07 (d, J = 15 Hz, 1H), 4.58 (d, J = 15 Hz, 1H),
6.69-6.86 (m, 3H), 6.93 (s, 1H), 7.03-7.15 (m, 1H), 7.33 (s, 1H). *C NMR
(50 MHz, CDCls): & 50.9, 51.7, 56.6, 76.8, 103.5 (t), 111.8 (d), 119.3,
129.0, 129.6 (d), 137.2, 158.9 (dd), 163.1 (dd); IR (Chloroform): 1138,
1272, 1617 cm™; MS (ESI) m/z: 237.10 (M + 1).

1-((2-(2,4-Difluorophenyl)oxiran-2-yl)methyl)-1H-benzo[d]imidazole (32f)**¢

Nature: Brown sticky solid; Yield: 76%; *H NMR (200 MHz, CDCls): §2.73 (d, J = 6 Hz,
1H), 2.79 (d, J= 6 Hz, 1H), 4.30 (d, J= 16 Hz, 1H), 4.79 (d, J = 16 Hz,
1H), 6.57-6.80 (m, 2H), 6.96-7.07 (m, 1H), 7.17-7.22 (m, 2H), 7.35-7.42
(m, 1H), 7.64-7.69 (m, 2H), 7.76 (s, 1H). *C NMR (50 MHz, CDCl;): &
49.0, 51.8, 56.7, 103.8 (t), 109.8, 111.9 (d), 119.6 (d), 120.0, 122.4,
123.3, 129.3 (d), 133.8, 142.7, 143.3, 159.1 (dd), 164.0 (dd); MS (ESI) m/z: 287.06 (M + 1).

1-((2-(2,4-Difluorophenyl)oxiran-2-yl)methyl)-1H-benzo[d][1,2,3]triazole (32g)***

Nature: Brown solid; MP: 115 °C; Yield: 78%; *H NMR (200 MHz, CDCl;): §2.90 (d, J
=4 Hz, 1H), 3.02 (d, J = 4 Hz, 1H), 4.83 (d, J= 15 Hz, 1H), 5.43 (d, J =
15 Hz, 1H), 6.60-6.85 (m, 2H), 6.94-7.05 (m, 1H), 7.30-7.52 (m, 2H),
7.65 (d, J = 9 Hz, 1H), 7.98 (d, J = 9 Hz, 1H); *C NMR (50 MHz,
CDCly): 6 51.6, 52.4, 56.7, 103.9 (t), 109.9, 111.6 (d), 119.5 (d), 119.6,
123.9, 127.6, 129.4 (d), 133.4, 145.6, 159.3 (dd), 163.3 (dd); MS (ESI) m/z: 288.05 (M +

1.
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2-(2,4-Dichlorophenyl)-2-methyloxirane (32h)

Nature: Pale yellow oil; Yield: 67%; *H NMR (200 MHz, CDCls): & 1.63 (s,
3H), 2.78 (d, J = 6 Hz, 1H), 2.99 (d, J = 6 Hz, 1H), 7.22 (dd, J = 2, 8 Hz, 1H),
7.35(d, J=2 Hz, 1H), 7.41 (d, J = 10 Hz, 1H); *C NMR (CDCls, 50 MHz): &
22.4, 549, 57.2, 127.1, 128.9, 129.3, 132.8, 133.9, 138.2; MS (ESI) m/z:
170.05 (M + 1).

Preparation of 2-(3-((1H-imidazol-1-yl)methyl)-6-fluoro-3-hydroxyindolin-1-yl)-5-
pentylthiophene-3-carbonitrile (207b)
To the flame dried K,CO; (3.10 g, 22.52 mmol), tetrabutylammonium bromide (300 mg)
was added followed by the addition of compound 77n (Synthesis of n-formylated
aminothiophene 77 has been described in Chapter 1, Scheme 9) (1.0 g, 4.50 mmol) in dry
DMF (30 mL). Reaction mixture was stirred at 90 °C for 30 min. Then epoxide 32e (1.06 g,
4.50 mmol) dissolved in dry ethyl acetate (10 mL) was added to the refluxing mixture drop
wise over a period of 10 min and stirring was continued for further 12 h at the same
temperature. It was then cooled to room temperature, diluted with water (60 mL), extracted
with ethyl acetate (3 x 50 mL), dried over Na,SO,, concentrated and purified by column
chromatography to give pure compound 2-(3-((1H-imidazol-1-yl)methyl)-6-fluoro-3-
hydroxyindolin-1-yl)-5-pentylthiophene-3-carbonitrile (207b) as off-white solid.
Nature: Off-white solid; MP: 117 °C; Yield: 85%; *H NMR (200 MHz, CDCls):  0.91 (t,
on NG J=17Hz, 3H), 1.26-1.42 (m, 4H), 1.57-1.68 (m, 2H), 2.70 (t, J

) f ;N@(CHZMCHs = 7 Hz, 2H), 4.05 (d, J = 12 Hz, 1H), 4.14 (d, J = 12 Hz, 1H),
F

4.29 (s, 2H), 4.88 (bs, 1H), 6.55 (dt, J = 2, 8 Hz, 1H), 6.67 (s,
1H), 6.75 (dd, J = 2, 10 Hz, 1H), 6.84-7.00 (m, 3H), 7.73 (s,
1H). *C NMR (50 MHz, CDCLy): & 13.9, 22.2, 30.0, 30.6, 31.0, 54.7, 66.1, 98.3 (d), 99.0,
108.5 (d), 115.2, 121.1, 122.5, 124.9, 125.6 (d), 126.6, 126.9, 135.1, 138.3, 147.3, 153.3,
164.4 (d); IR (Chloroform): 1617, 2211, 3384 cm™; MS (EST) m/z: 411.5300 (M + 1).

The following compounds 207a, 207c-207e were prepared by using procedure given for the

preparation of compound 207b.

2-(3-((1H-Imidazol-1-yl)methyl)-6-fluoro-3-hydroxyindolin-1-yl)-5-propylthiophene-3-
carbonitrile (207a)
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Nature: Off-white solid; MP: 188 °C; Yield: 88 %; *H NMR (500 MHz, CDCls): & 0.99 (t,

on NC J=10 Hz, 3H), 1.64-1.71 (m, 2H), 2.70 (t, J = 10 Hz, 2H), 3.93

‘Z_>\(CHZ)2CH3 (d, J=10 Hz, 1H), 4.16 (d, J =10 Hz, 1H), 4.45 (d, J = 15 Hz,

1H), 4.64 (d, J =15 Hz, 1H), 5.59 (bs, 1H), 6.58 (dt,J =5, 10

Hz, 1H), 6.69 (s, 1H), 6.72 (dd, J = 5, 10 Hz, 1H), 7.18-7.22

(m, 3H), 8.88 (s, 1H); '*C NMR (125 MHz, CDCly): & 13.5, 24.2, 32.1, 55.2, 65.5, 98.3 (d),

100.2, 108.4 (d), 115.2, 122.0 (2C), 122.5, 125.8 (d), 126.5, 137.3, 139.0, 147.5 (2C), 153.4,
164.5 (d); IR (Chloroform): 1618, 2225, 3374 cm™; MS (ESI) m/z: 383.2284 (M + 1).

2-(3-((1H-Imidazol-1-yl)methyl)-6-fluoro-3-hydroxyindolin-1-yl)-5,6,7,8-tetrahydro-
4H-cyclohepta[b]thiophene-3-carbonitrile (207¢)

Nature: Off-white solid; MP: 218 °C; Yield: 81%; *H NMR (200 MHz, CDCls): & 1.56-
1.72 (m, 4H), 1.82-1.92 (m, 2H), 2.68-2.76 (m, 4H), 3.98 (d, J = 12
Hz, 1H), 4.06 (d, J = 12 Hz, 1H), 4.20 (d, J = 16 Hz, 1H), 4.27 (d, J
=16 Hz, 1H), 6.14 (bs, 1H), 6.49 (dt, J = 2, 10 Hz, 1H), 6.69 (dd, J
=4, 12 Hz, 1H), 6.78-6.86 (m, 2H), 6.98 (s, 1H), 7.60 (s, 1H); *C
NMR (50 MHz, CDCls): 6 26.9, 27.6, 29.1, 29.7, 31.8, 54.7, 66.1, 98.1 (d), 103.3, 107.8 (d),
115.1, 121.1, 125.3 (d), 126.6, 127.0, 132.1, 137.8, 138.4, 147.5, 147.7, 150.5, 164.2 (d); IR
(Chloroform): 1614, 2225, 3368 cm™'; MS (ESI) m/z: 409.1248 (M + 1).

HNC

2-(3-((1H-Imidazol-1-yl)methyl)-6-fluoro-3-hydroxyindolin-1-yl)-5-hexyl-4-
methylthiophene-3-carbonitrile (207d)
Nature: Brown solid; MP: 175 °C; Yield: 83%; 'H NMR (200 MHz, CDCl3): & 0.90 (t, J
" = 6 Hz, 3H), 1.31-1.43 (m, 6H), 1.56-1.62 (m, 2H), 2.20 (s,

7y { h M(CHZ);)% 3H), 2.66 (t, J = 8 Hz, 2H), 3.93 (d, J = 12 Hz, 1H), 4.15 (d, J =

12 Hz, 1H), 4.42 (d, J = 14 Hz, 1H), 4.60 (d, J = 14 Hz, 1H),
5.62 (bs, 1H), 6.58 (dt, J = 2, 10 Hz, 1H), 6.74 (dd, J =2, 10
Hz, 1H), 7.13-7.20 (m, 3H), 8.74 (s, 1H); *C NMR (100 MHz, CDCl3): 6 12.9, 14.0, 22.5,
28.0, 28.7, 31.0, 31.4, 55.6, 65.2, 98.3 (d), 103.9, 108.0 (d), 115.5, 119.9 (d), 120.6, 122.6,
123.3, 125.9 (d), 126.4, 135.1, 138.2, 143.9, 151.8, 161.6 (d); IR (Chloroform): 1619, 2224,
3368 cm™'; MS (ESI) m/z: 439.1034 (M + 1).
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2-(3-((1H-Benzo[d]imidazol-1-yl)methyl)-6-fluoro-3-hydroxyindolin-1-yl)-5-

pentylthiophene-3-carbonitrile (207¢)

Nature: White solid; MP: 132 °C; Yield: 85%; '"H NMR (200 MHz, CDCl): & 0.91 (t,J =
S 6 Hz, 3H), 1.30-1.39 (m, 4H), 1.56-1.70 (m, 2H), 2.70 (t, J

{ ;N@(CHM% = 8 Hz, 2H), 4.00 (d, J = 11 Hz, 1H), 4.14 (d, J = 11 Hz,
F

1H), 4.67 (s, 2H), 5.50 (bs, 1H), 6.42 (dt, J =2, 8 Hz, 1H),
6.64-6.70 (m, 2H), 6.92 (dd, J = 4, 8 Hz, 1H), 7.28-7.30 (m,
3H), 7.69-7.74 (m, 1H), 8.81 (s, 1H); *C NMR (50 MHz, CDCls): & 13.9, 22.2, 30.0, 30.6,
31.0, 52.2, 66.3, 78.0, 98.4 (d), 100.4, 108.3 (d), 110.7, 114.9, 118.0, 122.5, 123.9, 124.7,
125.7 (d), 126.7, 133.5, 137.7, 139.4, 143.4, 147.7, 153.4, 163.3 (d); IR (Chloroform): 1613
2221, 3425 cm™; MS (EST) m/z: 461.1124 (M + 1).

1-(4-Chlorophenylamino)-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol
(206a)
Nature: Brown sticky solid; Yield: 85%; '"H NMR (200 MHz, CDCls): & 3.46 (d, J = 14
Hz, 1H), 3.61 (d, J = 14 Hz, 1H), 4.54 (bs, 1H), 4.66 (d, J = 14 Hz,
N. OH
- FH @ C‘ 1H), 4.78 (d,J = 14 Hz, 1H), 6.54 (d, J = 8 Hz, 2H), 6.72-6.83 (m,
F

2H), 7.09 (d, J = 8 Hz, 2H), 7.43-7.56 (m, 1H), 7.80 (s, 1H), 7.95 (s,
1H); *C NMR (50 MHz, CDCL): 50.6, 54.9, 75.7, 104.2 (t), 111.7
(d), 114.5 (2C), 122.9 (d), 129.0 (2C), 129.4 (d), 144.1, 146.2, 146.9, 151.4, 158.0 (dd),
163.0 (dd) ; IR (Chloroform): 1625, 3127, 3345 cm™; MS (ESI) m/z: 365.2315 (M + 1).

Preparation of 2-(3-((1H-imidazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-
pentylthiophene-3-carbonitrile (204e)

To a solution of compound 207b (500 mg, 1.21 mmol) in ethyl acetate (15 mL), was added
50 % hydrochloric acid (10 mL) at room temperature and the reaction mixture was stirred at
room temperature for 1 h. It was then diluted with excess of water and extracted with ethyl
acetate (3 x 10 mL). Then the aqueous layer was basified with 10% NaOH, extracted with
ethyl acetate (3 x 10 mL), dried over Na,SO4 and concentrated to give pure compound 2-(3-
((1H-imidazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-pentylthiophene-3-carbonitrile 204e.
Nature: White solid; MP: 107 °C; Yield: 83%; *"H NMR (200 MHz, CDCls): & 0.93 (t, J =
7 Hz, 3H), 1.33-1.46 (m, 4H), 1.65-1.80 (m, 2H), 2.83 (t, J = 8 Hz, 2H), 5.43 (s, 2H), 6.91

196



Chapter 3: Section I

(s, 1H), 6.99 (dt, J = 2, 8 Hz, 1H), 7.06 (s, 1H), 7.15 (s, 1H), 7.22 (dd, J = 2, 10 Hz, 1H),
7.35-7.41 (m, 2H), 8.19 (s, 1H); *C NMR (125 MHz, CDCl3):

NC,
7 7
N f lN@(CHMHg‘ § 13.8,22.2, 30.1, 30.6, 30.9, 42.7, 98.1 (d), 104.5, 111.1 (d),
F

113.5 (20), 119.4, 120.0 (d), 123.5, 126.8, 128.3, 136.5, 137.4,
137.5, 144.3, 145.8, 160.9 (d); IR (Chloroform): 1617, 2225
em’™'; MS (ESI) m/z: 393.1017 (M + 1). Anal. Calcd. for Co»H» FN4S: C, 67.32; H, 5.39; N,
14.27 %. Found: C, 67.46; H, 5.21; N, 14.44 %

The following compounds 204a-d, 204f-i were prepared by using the procedure given for

the preparation of compound 204e.

2-(3-((1H-1,2,4-Triazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-pentylthiophene-3-
carbonitrile (204a)
Nature: Brown solid; MP: 74 °C; Yield: 84%:; 'H NMR (200 MHz, CDCl3): 6 0.87 (t, J =
NG 6 Hz, 3H), 1.26-1.40 (m, 4H), 1.58-1.73 (m, 2H), 2.76 (t, J=6
{\‘NJ/E;(N‘@\(CHZMCHS Hz, 2H), 5.47 (s, 2H), 6.85 (s, 1H), 6.92 (dt, J = 2, 9 Hz, 1H),
£

7.17 (dd, J = 2, 9 Hz, 1H), 7.41-7.48 (m, 2H), 7.91 (s, 1H),
8.14 (s, 1H); *C NMR (50 MHz, CDCl;): & 13.7, 22.0, 29.9,
30.5, 30.8, 44.7, 97.8 (d), 104.2, 110.8 (d), 112.8, 113.3, 120.1 (d), 123.4 (2C), 128.4, 137.2
(d), 142.7, 144.1, 145.7, 151.3, 160.7 (d); IR (Chloroform): 1621, 2226, 3390 cm™'; MS
(ESI) m/z: 394.2864 (M + 1). Anal. Calcd. for C;1H5FN;S: C, 64.10; H, 5.12; N, 17.80 %.
Found: C, 64.29; H, 5.01; N, 17.93 %.

2-(3-((1H-1,2,4-Triazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5,6-dihydro-4H-
cyclpenta[b] thiophene-3-carbonitrile (204b)
Nature: Off-white solid; MP: 194 °C; Yield: 82%; *H NMR (200
</N;j‘ o Nm MHz, CDCl; + DMSO-dg): & 2.14-2.25 (m, 2H), 2.57-2.72 (m, 4H),
5.38 (s, 2H), 6.74 (dt, J = 2, 8 Hz, 1H), 6.82 (dd, J = 2, 8 Hz, 1H),
F 7.31-7.46 (m, 2H), 7.93 (s, 1H), 8.81 (s, 1H); *C NMR (50 MHz,
CDCl; + DMSO-de): ¢ 25.4, 26.3, 28.1, 42.3, 98.8 (d), 100.0, 108.6
(d), 111.4, 112.0, 119.1 (d), 122.1, 127.8, 135.2 (2C), 137.9, 141.1, 142.2, 149.1, 160.8 (d);
IR (Chloroform): 1618, 2220, 3391 cm’; MS (ESI) m/z: 364.04 (M + 1). Anal. Calcd. for
Ci19H14FNsS: C, 62.79; H, 3.88; N, 19.27 %. Found: C, 62.66; H, 3.92; N, 19.43 %.
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2-(3-((1H-1,2,4-Triazol-1-yl)methyl)-6-chloro-1H-indol-1-yl)-5-pentylthiophene-3-
carbonitrile (204c)

Nature: White solid; MP: 93 °C; Yield: 74%; *H NMR (200 MHz, CDCl;): & 0.92 (t, J =
6 Hz, 3H), 1.36-1.43 (m, 4H), 1.64-1.76 (m, 2H), 2.83 (t, =6

NC
N-<
¢ jgx N@(cmcm Hz, 2H), 5.61 (s, 2H), 6.91 (s, 1H), 7.22 (dd, J = 2, 8 Hz, 1H),
Cl

7.48-7.55 (m, 3H), 8.07 (s, 1H), 8.60 (s, 1H); *C NMR (50
MHz, CDCl): § 13.9, 22.2, 29.6, 30.7, 31.0, 45.3, 104.9,
111.2, 112.3, 113.3, 120.2, 123.1, 123.6, 125.7, 129.2, 130.6, 137.6, 142.4, 144.7, 145.5,
149.7; IR (Chloroform): 1620, 2226 cm™; MS (ESI) m/z: 410.3943 (M + 1). Anal. Calcd.
for C,1Ha0CINsS: C, 61.53; H, 4.92; N, 17.08 %. Found: C, 61.68; H, 4.81; N, 17.20 %.

2-(3-((1H-Imidazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-propylthiophene-3-
carbonitrile (204d)

Nature: Pale brown solid; MP: 137 °C; Yield: 74%; *H NMR (500 MHz, CDCl;): & 1.05
(t, J =10 Hz, 3H), 1.76 (q, J = 10 Hz, 2H), 2.82 (t, J = 10 Hz,

NC,
v ?;N@(CHZ)ZCHa 2H), 5.67 (s, 2H), 6.92 (s, 1H), 7.02 (dt, J = 5, 10 Hz, 1H),
F

7.17 (s, 1H), 7.22 (dd, J = 5, 10 Hz, 1H), 7.31 (s, 1H), 7.50-
7.53 (m, 1H), 7.61 (s, 1H), 9.33 (s, 1H); *C NMR (125 MHz,
CDCly): & 13.5, 24.3, 32.1, 44.0, 98.2 (d), 105.0, 111.5 (d), 111.7, 113.5, 120.1 (d), 120.2,
121.4, 123.3, 123.7, 129.5, 137.6 (2C), 144.5, 145.6, 161.1 (d); IR (Chloroform): 1614,
2210 em™; MS (ESI) m/z: 365.1073 (M + 1). Anal. Calcd. for C,0H;sFN,4S: C, 65.91; H,
4.70; N, 15.37 %. Found: C, 65.82; H, 4.55; N, 15.49 %.

2-(3-((1H-Imidazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5,6,7,8-tetrahydro-4H-
cyclohepta[b]thiophene-3-carbonitrile (204f)
Nature: White solid; MP: 168 °C; Yield: 71%; *H NMR (200

NC
7N f;@/‘@ MHz, CDCls): § 1.68-1.79 (m, 4H), 1.90-1.98 (m, 2H), 2.82-2.89
= S
F

(m, 4H), 5.31 (s, 2H), 6.91-7.01 (m, 2H), 7.10 (s, 1H), 7.20-7.35
(m, 3H), 7.72 (s, 1H); *C NMR (125 MHz, CDCL): § 26.9, 27.5,
29.3, 29.8, 31.8, 42.3, 98.0 (d), 107.7, 110.8 (d), 113.7, 113.9, 119.1, 119.9 (d), 123.5,
127.9, 129.0, 136.9, 137.5, 137.9, 139.8, 142.7, 160.8 (d); IR (Chloroform): 1617, 2225,
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em™'; MS (EST) m/z: 391.0348 (M + 1). Anal. Calcd. for C»,H sFN,S: C, 67.67; H, 4.90; N,
14.35 %. Found: C, 67.46; H, 4.73; N, 14.47 %.

2-(3-((1H-Imidazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-hexyl-4-methylthiophene-3-
carbonitrile (204g)

Nature: Brown solid; MP: 137 °C; Yield: 75%; *H NMR (200 MHz, CDCls): § 0.90 (t, J =
6 Hz, 3H), 1.28-1.48 (m, 6H), 1.59-1.72 (m, 2H), 2.29 (s, 3H),

NC, CH,
N//\N = ﬂ\
] N P~(crascrs] 2.76 (t, I = 8 Hz, 2H), 5.80 (s, 2H), 6.95-7.33 (m, 4H), 7.57-
F

7.69 (m, 2H), 9.81 (s, 1H); *C NMR (100 MHz, CDCl): &
12.8, 13.9, 22.4, 28.0, 28.7, 30.9, 31.3, 44.3, 98.2 (d), 107.8,
111.1 (d), 112.3, 113.6, 119.8, 120.1 (d), 120.5, 123.3, 129.9, 132.1, 135.3, 137.4, 138.1,
143.9, 161.0 (d); IR (Chloroform): 1621, 2226 cm™'; MS (ESI) m/z: 421.0455 (M + 1).
Anal. Calcd. for C,4HasFN,S: C, 68.54; H, 5.99; N, 13.32 %. Found: C, 68.41; H, 6.18; N,
13.21 %.

2-(3-((1H-Benzo[d]imidazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-pentylthiophene-3-
carbonitrile (204h)

Nature: White solid; MP: 103.5 °C; Yield: 74%; *H NMR (200 MHz, CDCLs): & 0.86 (t, J
=8 Hz, 3H), 1.27-1.39 (m, 4H), 1.57-1.72 (m, 2H), 2.75 (t, J

NC,
QN/JN/ 3/\) l}(wmm = § Hz, 2H), 5.46 (s, 2H), 6.83-6.94 (m, 2H), 7.13-7.32 (m,
F

5H), 7.42-7.46 (m, 1H), 7.75-7.80 (m, 1H), 8.02 (s, 1H); **C
NMR (100 MHz, CDCls): ¢ 13.8, 22.2, 30.1, 30.7, 31.0,
41.3, 98.2 (d), 104.6, 110.8, 111.2 (d), 112.6, 113.5, 118.7, 120.1 (d), 123.6, 124.1, 124.6,
128.5, 132.7, 137.5 (2C), 138.9, 141.9, 144.4, 145.8, 161.0 (d); IR (Chloroform): 1618,
2227 em™'; MS (ESI) m/z: 443.0095 (M + 1). Anal. Calcd. for C,sH,3FN,S: C, 70.56; H,
5.24; N, 12.66 %. Found: C, 70.44; H, 5.39; N, 12.44 %.

2-(3-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-6-fluoro-1H-indol-1-yl)-5-
pentylthiophene-3-carbonitrile (204i)

Nature: White solid; MP: 126 °C; Yield: 84%; 'H NMR (200 MHz, CDCls): & 0.85 (t, J =
6 Hz, 3H), 1.26-1.35 (m, 4H), 1.56-1.70 (m, 2H), 2.74 (t, J = 8 Hz, 2H), 5.97 (s, 2H), 6.80-
6.90 (m, 2H), 7.09-7.39 (m, 3H), 7.47-7.52 (m, 3H), 7.97 (d, J = 8 Hz, 1H); *C NMR (125
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MHz, CDCls): 6 13.7, 22.1, 29.9, 30.5, 30.8, 43.8, 98.8 (d), 104.0, 109.8, 110.8 (d), 113.0,
113.5, 119.6, 120.6, 123.4, 123.6 (d), 124.0, 127.4, 128.0,

NC,
’E/; 132.5, 137.2, 144.0, 1458 (2C), 160.7 (d); IR
Q\;z NQ\(CHz)ACHa 0 @
F

(Chloroform): 1619, 2223 cm™; MS (ESI) m/z: 444.3695
M +1). Anal. Calcd. for C,sH»,FNsS: C, 67.70; H, 5.00;
N, 15.79 %. Found: C, 67.58; H, 5.22; N, 15.67 %.

3-((1H-1,2,4-Triazol-1-yl)methyl)-6-fluoro-1-(4-nitrophenyl)-1H-indole (204j)
Nature: Yellow solid; MP: 190 °C; Yield: 78%; '"H NMR (200 MHz, CDCl; + DMSO-d):
3 5.63 (s, 2H), 7.14 (dt, J = 2, 10 Hz, 1H), 7.35 (dd, J = 2, 10 Hz,

N- .13
-l E\) ONOZ 1H), 7.60-7.79 (m, 4H), 7.91 (s, 1H), 8.41-8.45 (m, 3H); *C NMR
F

(100 MHz, CDCl; + DMSO-dg): 8 42.3, 96.0 (d), 108.2 (d), 111.9,
119.1 (d), 121.8 (2C), 123.1, 123.7 (2C), 126.5 (d), 133.6, 142.2,
143.3, 149.5, 157.3, 165.1 (d); IR (Chloroform): 1613, 2878, 3019 cm’; MS (ESI) m/z:
338.5522 (M + 2). Anal. Calcd. for C;7H;,FNsO,: C, 60.53; H, 3.59; N, 20.76 %. Found:
C, 60.32; H, 3.65; N, 20.53 %.

3-((1H-1,2,4-Triazol-1-yl)methyl)-1-(4-chlorophenyl)-6-fluoro-1H-indole (204k)
Nature: White solid; MP: 172 °C; Yield: 67%; *"H NMR (200 MHz, CDCl; + CD;0D): &
5.67 (s, 2H), 6.91 (dt, J =2, 8 Hz, 1H), 7.09 (dd, J = 2, 8 Hz, 1H),

N-
¢ f;NOC l 7.33-7.57 (m, 6H), 8.30 (s, 1H), 9.42 (s, 1H); *C NMR (50 MHz,
F

CDCl): 0 45.2, 97.4 (d), 109.8, 110.6 (d), 119.9 (d), 123.7, 125.4
(20), 127.8, 130.0 (2C), 132.9, 136.3, 137.1, 142.5, 151.9, 164.1
(d); IR (Chloroform): 1611, 2846, 3018 cm™; MS (ESI) m/z: 327.0034 (M + 2). Anal.
Calcd. for C7H,CIFNy: C, 62.49; H, 3.70; N, 17.15 %. Found: C, 62.58; H, 3.56; N, 17.29
%.

Preparation of 3-((1H-1,2,4-triazol-1-yl)methyl)-6-fluoro-1H-indole (211a)

To a solution of potassium t-butoxide (1.32 g, 11.81 mmol) in dry DMF (25 mL), was
added slowly 1-amino-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol 209a
(1.0 g, 3.93 mmol) dissolved in dry DMF (10 mL) under nitrogen atmosphere and the

solution was stirred at 90 °C for 5 h. Mixture was diluted with water and extracted with ethyl
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acetate, dried over anhydrous Na,SOy4, concentrated and purified by column chromatography
to give pure compound 3-((1H-1,2,4-triazol-1-yl)methyl)-6-fluoro-1H-indole 211a as brown
sticky solid (663 mg, 78%).
Nature: Brown sticky solid; Yield: 78%; '"H NMR (500 MHz, CDCls): & 5.49 (s, 2H), 6.88
e (dt, J =5, 10 Hz, 1H), 7.03 (dd, J = 2, 10 Hz, 1H), 7.25 (s, 1H), 7.38
Q/( NI (dd, J =5, 10 Hz, 1H), 7.97 (s, 1H), 8.00 (s, 1H), 9.25 (s, 1H); °C
N NMR (125 MHz, CDCls): 6 45.4, 97.9 (d), 108.7, 109.1 (d), 119.1 (d),
122.6, 124.9, 136.4 (d), 142.60, 151.5, 162.0 (d); IR (Chloroform): 1618, 3337 cm™'; MS
(EST) m/z: 217.09.

6-Chloro-3-methyl-1H-indole (211b)
The compound 211b was prepared using the procedure given for the preparation of
compound 211a.
Nature: White solid; MP: 97 °C; Yield: 56%; *H NMR (400 MHz, CDCls): & 2.33 (s, 3H),
6.96 (s, IH), 7.11 (d, J = 8 Hz, 1H), 7.33 (s, 1H), 7.49 (d, J = 8 Hz, 1H),
u/@\,\st 7.88 (bs, 1H); *C NMR (100 MHz, CDCls):  9.53, 110.8, 111.8, 119.7
N (20), 122.2, 126.8, 127.7, 136.5; IR (Chloroform): 1615, 3409 cm™; MS
A‘ (ESI) m/z: 166.03 (M + 1). Anal. Calcd. for CoH3CIN: C, 65.27; H, 4.87;
N, 8.46 %. Found: C, 65.11; H, 4.69; N, 8.61 %.

Preparation of 1-azido-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol
(208a)>*

To a solution of 1-((2-(2,4-difluorophenyl)oxiran-2-yl)methyl)-1H-1,2,4-triazole 32a (5 g,
21.09 mmol) in 50 mL of methanol, was added sodium azide (4.11 g, 63.29 mmol) and
ammonium chloride (1.45 g, 27.42 mmol) and the solution was refluxed for 15 h. It was then
diluted with water, extracted with dichloromethane, dried over anhydrous Na;SOu,
concentrated and purified by column chromatography to give pure compound 1-azido-2-
(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol 208 as pale yellow semisolid
(6.93 g, 92%).

Nature: Pale yellow semisolid; Yield: 92 %; 'H NMR (200 MHz, CDCl5):
0 3.53 (d, J =14 Hz, 1H), 3.69 (d, J = 14 Hz, 1H), 4.69 (d, J = 16 Hz, 1H),
4.78 (d, J = 16 Hz, 1H), 5.09 ( bs, 1H), 6.73-6.87 (m, 2H), 7.46-7.59 (m,

201



Chapter 3: Section I

1H), 7.84 (s, 1H), 8.08 (s, 1H); *C NMR (50 MHz, CDCLy): & 54.6, 56.8, 76.2, 104.2 (1),
111.7 (d), 122.5 (d), 130.1 (d), 144.1, 151.2, 160.5 (dd), 165.4 (dd); IR (Chloroform): 2112,
3339 cm’'; MS (EST) m/z: 281.0231 (M + 1).

1-Azido-2-(2,4-dichlorophenyl)propan-2-ol (208b)
The compound 208b was synthesized by using the procedure given for the preparation of
compound 208a.
Nature: Colourless liquid; Yield: 92%; 'H NMR (200 MHz, CDCLy): & 1.74 (s, 3H), 3.74
o OH (d, J=12 Hz, 1H), 4.10 (d, J = 12 Hz, 1H), 7.32 (dd, J = 2, 10 Hz, 1H), 7.43
3 &l (d,3=2Hz 1H), 7.79 (d, J = 8 Hz, 1H); *°C NMR (50 MHz, CDCl): 5 24.8,
58.8, 74.9, 127.3, 129.3, 130.8, 131.1, 134.0, 139.7; IR (Chloroform): 1617,
- 2107, 3393 cm™'; MS (ESI) m/z: 247.0501 (M + 1).
Preparation of 1-amino-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol
(209a)*¢
To a solution of 1-azido-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol 208a
(3.5 g, 12.5 mmol) in 40 mL of ethanol, was added 10% active charcoal-supported
palladium (350 mg). The solution was stirred overnight at room temperature under a
hydrogen atmosphere (60 psi) and filtered through celite. It was then concentrated, the
residue was washed with ethyl acetate-pet ether (50:50) and oven dried to get the desired
product 1-amino-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol 209a as white
powder (3.04 g, 96%)).
Nature: White powder; MP: 253 °C; Yield: 96%; 'H NMR (200 MHz, CDCl; + DMSO-
de): 6 3.35 (d, J =10 Hz, 1H), 3.55 (d, J =10 Hz, 1H), 4.79 (d, J = 14 Hz,
1H), 4.88 (d, J = 14 Hz, 1H), 7.07-7.28 (m, 2H), 7.56-7.67 (m, 1H), 7.94 (s,
1H), 8.20 (bs, 2H), 8.61 (s, 1H); **C NMR (50 MHz, CDCl; + DMSO-de):
0 42.8, 52.9, 70.4, 102.4 (t), 109.3 (d), 120.3 (d), 128.6 (d), 143.3, 148.6,
160.2 (dd), 165.3 (dd); IR (Nujol): 1616, 3315, 3447 cm™'; MS (ESI) m/z: 255.04 (M + 1).

1-Amino-2-(2,4-dichlorophenyl)propan-2-ol (209b)
The compound 209b was synthesized by using the procedure given for the preparation of

compound 209a.
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Nature: White solid; MP: 210 °C; Yield: 85%; "H NMR (200 MHz, CDCl; + DMSO-d): &
1.31 (s, 3H), 3.01 (s, 2H), 5.71 (bs, 1H), 6.85 (dd, J = 2, 10 Hz, 1H), 6.93 (d,
o2l 3=2Hz 1H), 7.45 (d, J = 10 Hz, 1H), 7.64 (bs, 2H); *C NMR (50 MHz,
CDCl; + DMSO-dg): § 24.0, 46.2, 70.6, 124.2, 126.9, 128.0, 129.2, 130.3,

——J 1387, IR (Nujol): 1616, 3351, 3448 cm’; MS (ESI) m/z: 220.0807 (M + 1).

OH
H3C
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3.1.7 Selected spectra
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207d: '"H NMR (400 MHz, CDCl5)
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204a: 'H NMR (200 MHz, CDCl3)
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204e: '"H NMR (400 MHz, CDCl5)
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204f: '"H NMR (400 MHz, CDCl5)
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204h: 'H NMR (400 MHz, CDCl5)
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204j: 'TH NMR (200 MHz, CDCl; + DMSO-de)
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211a: 'H NMR (500 MHz, CDCls)
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211b: 'H NMR (400 MHz, CDCly)
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3.2.1 Abstract

A three-component, one-step method for the synthesis of 4-alkyl-3-aryl-2,6-
dicyanoanilines involving reaction of alkyl aldehyde, malononitrile and aryl aldehyde in
presence of morpholine is reported. Highly functionalized 1,2,3,5,6,7- and 1,2,3,4,5,7-
hexasubstituted indoles were prepared from these dicyanoanilines by reaction with ethyl
bromoacetate in presence of potassium hydroxide. These substituted dicyanoanilines and
indoles have a potential to be converted into various other compounds taking advantage of

various functional groups present in these molecules.

3.2.2 Introduction

Polysubstituted benzenes are very useful compounds in organic chemistry, natural
product chemistry, analytical chemistry and materials science. The regioselective
preparation of these compounds is a challenging problem in organic synthesis'. Classical
methods for the synthesis of substituted aromatics are based on aromatic substitution
reactions which introduce a substituent to an existing arene. The most common procedures
based on this approach involve electrophilic’> or nucleophilic’ substitution, catalyzed
coupling reactions’ and metalation-functionalization reactions’. However, these methods
frequently suffer from disadvantages including multi-step reaction sequences, low yields,
and serious regiochemical ambiguity originating from the activating, deactivating and
directing effects of the substituents. On the other hand, modern approaches lead to the
regioselective construction of the aromatic skeleton starting from acyclic precursors in
which the substitution pattern of the final product is dictated by the structures and functional
groups of the precursors’.

Multi-functionalized benzenes possessing electron-donor and/or acceptor
substituents such as 2,6-dicyanoanilines are of considerable interest. They are key
constituents of a large number of bioactive natural and synthetic compounds’ and are useful
as versatile precursors for asymmetric syn‘[heses8 and as important substrates for nonlinear
optical materials’ and molecular electronic devices'’. The amino and cyano groups can be
converted into various other functional groups so these 2,6-dicyanoanilines can be used as
starting materials for a large number of aromatic compounds.

There are a large number of methods reported for the synthesis of substituted 2,6-

dicyanoanilines by using a multicomponent reaction wherein most of the methods describe
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synthesis of 3,5-disubstituted-2,6-dicyanoanilines 213 (Figure 1). 2,6-Dicyanoanilines are
typically prepared from (arylidene)malononitriles and (1-arylethylidene)malononitriles in
the presence of a base''. Other synthetic routes include: reaction of malononitrile and o, B-
unsaturated ketones'?, one-pot tandem reaction of (alkylidene)malononitriles with
nitroolefins in the presence of a base', reaction of ynones and malononitrile'*, reaction of a-
methylene ketones or enamino ketones with malononitrile’, ring transformation of
functionalized 2H-pyran-2-ones with malononitrile'®, the three-component reaction of
aldehydes, ketones and malononitrile under solvent-free conditions'’ or microwave
irradiation'® and reaction between (arylidene)malononitriles, dialkyl acetylenedicarboxylates
and malononitrile catalyzed by 1-methylimidazole®. In the present work, we have developed
a short synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines from substituted aromatic and

aliphatic aldehydes and malononitrile and the results are presented in this section.

3.2.3 Present work
3.2.3.1 Objective

Due to the interesting chemistry of 2,6-dicyanoanilines, the development of synthetic
methods which enable easy access to these useful compounds is desirable. As a part of our
studies on the development of efficient and straightforward methods for the preparation of 2,
6-dicyanoanilines (Figure 1) we report herein a three-component one-step method for the
synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines 214. These results were further extended for
the synthesis of highly functionalized 1,2,3,5,6,7- and 1,2,3,4,5,7-hexasubstituted indoles

from these dicyanoanilines 214 by reaction with ethyl bromoacetate.

R1
CN R CN Alkyl CN R NH
|
2
CN CN CN CN R
213 214 215 216

Figure 1. General structures of 2,6-dicyanoanilines and hexasubstituted indoles.
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3.2.3.2 Results and discussion

A literature survey showed that there are a number of methods reported''™"® for the
synthesis of substituted 2,6-dicyanoanilines, among them most of the methods describe
synthesis of 3,5-disubstituted-2,6-dicyanoanilines 213. There are a very few reports
describing synthesis of 3,4-dialkyl-2,6-dicyanoanilines 215" and there is only one method"
reported by Khaidem et al. for the synthesis of 4-alkyl-3-aryl-2,6-dicyanoaniline (4-methyl-
3-phenyl-2,6-dicyanoaniline) 214a by a three-step reaction sequence in very low yields

(36%) as shown in Scheme 1.

HCOOEt,
Me NaOMe, Py WOH NH, benzene
217
(0] NC) CN
Z N CH2(CN)2 NH4OAC
AcOH, benzene N
Me NH, 7

219

214a

Scheme 1. Reported preparation of 4-methyl-3-phenyl-2,6-dicyanoaniline
In order to improve the synthesis of 4-alkyl-3-aryl-2,6-dicyanoaniline 214, we

developed a practical three-component reaction that significantly reduces the reaction time

and increases the yields as shown in Scheme 2.
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R R
o o . Morpholine, DMF, Ar N R
N o -
Ar/mH + HKR + <CN 80°C. 10120 e CN NC CN
NH, NH,
221 222 214 215
Ar R
214a: Phenyl Me
214b: 4-Methoxyphenyl Me
214c: 4-Methoxyphenyl n-Pr
214d: 4-Methoxyphenyl n-Hex
214e: 1-Naphthyl Me
214f: 1-Naphthyl n-Pr
2149: 3,4-(Methylenedioxy)phenyl  Me
214h: 2-Thienyl Me
214i: 2-Thienyl n-Hex
214j: 2-Furanyl Me
214k: 2-Furanyl n-Hex
214l 4-Hydroxyphenyl Me

Scheme 2. Preparation of 4-alkyl-3-aryl-2,6-dicyanoanilines 214.

The reaction of aliphatic aldehyde, malononitrile and aryl aldehyde was attempted in
presence of various bases like potassium carbonate, triethylamine, morpholine, basic
alumina etc with (dimethylformamide, ethyl acetate, acetonitrile) or without solvent at
various temperatures ranging from room temperature to 100 °C and it was observed that the
reaction in presence of morpholine in DMF at 80 °C afforded the desired 4-alkyl-3-aryl-2,6-
dicyanoanilines 214 as major product and 3,4-dialkyl-2,6-dicyanoanilines 215' as a minor
product (Scheme 2). These two products were easily separated by column chromatography.
The structures of the products 214 were assigned based on "H NMR, *C NMR, IR and mass
spectroscopy. In 'H NMR spectrum, two singlets (one singlet for two NH, protons in the
range of 6 5.00-5.20 and other for one aromatic CH proton in the range of & 7.00-8.00) were
observed and cyanide band in IR spectrum in the range of 2200 to 2222 cm™ was seen which
confirmed the formation of product. Furthermore, mass spectra confirmed the structures of
2,6-dicyanoaniline products 214. Formation of compound 215 was confirmed by 'H NMR,
BC NMR, IR and mass spectroscopy and the comparison of the spectroscopic data with the
literature values'*.

The reaction was done with various combinations of aryl and aliphatic aldehydes to

see the generality and the various compounds prepared are shown in Table 1.
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Table 1. Synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines 214

Entryl Aromatic Aliphatic Product 214 Product 215
Aldehyde 221 Aldehyde 222 (Yield %)* (Yield %)*
Lt N
Me
CH;CH,CHO O
1 CHO NC CN NC CN
221a 222a NH; NH,
214a (67) 215a (12)
OMe MeO O Me
O 215a (8)
2 222a NC CN
CHO NH,
221b 214b (77)
MeO n-Pr
O n-Pr
n-Pr
221b CH;(CH,);CHO O
3 222b NC CN NC CN
NH, NH,
214c (64) 215b (10)
MeO O n-Hex n-Hex
n-Hex
221b CH;(CH,)¢CHO
4 299¢ NC CN NC CN
NH
2 NH2
214d (69) 215¢ (13)
Me
CHO
222a O ‘ 215a (11)
Hve <
NH,
221c 214e (77)
6 O n-Pr
221c 222b O O 215b (15)
NC CN
NH,
2141 (52)
o M
T, AL
222a O
7 o CHO - o 215a (10)
221d NH,
2149 (75)
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/\ Me
8 @ 222a S 21 14
s~ ~CHO " N 5a (14)
221e NH,
214h (56)
/| n-Hex
S
9 215¢ (9)
221e 222¢ NC CN
NH,
214i (70)
/\ Me
BN o
10 o~ ~CHO 222a 215a (18)
221f NC CN
NH,
214j (10)
/| n-Hex
o)
222¢ 215¢ (17)
11 221f NC CN
NH,
214k (17)
CHO HO O Ve
‘ 215a (13)
12 222a NC CN
OH NH,
221g 2141 (53)

*The yields given are for the isolated products.

It was observed that dicyanoanilines with a wide variety of substituents could be
prepared by this method. This protocol provides easy access to a regiospecific synthesis of
unsymmetrical, polyfunctional biaryls, which would be difficult to make by conventional
methods. It is also noteworthy that the present method makes use of easily available starting
materials, use of expensive catalyst/reagents is not required and the conditions are mild. The
proposed mechanism for formation of 4-alkyl-3-aryl-2,6-dicyanoanilines 214 is shown in

Scheme 3.
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o CN Base ™\ H i
r CN NC~ "CN Base Ar H OK/[H
221 223 .
+
] o)
0 CN Base H
R + e
K . | i
299 NC CN B
R
C
HCN_ Ar
@Q p -
NC CN
NH,
i V - 214

écheme 3. The proposed mechanism for formation of 4-alkyl-3-aryl-2,6-dicyanoanilines
214,

Narsaiah et al. have reported® that reaction of 2,6-dicyanoanilines with ethyl
bromoacetate in presence of potassium carbonate and potassium iodide affords substituted
indoles. Taking into consideration the importance of substituted indoles, reaction of the 3-
amino-4'-methoxy-6-methyl-[ 1,1'-biphenyl]-2,4-dicarbonitrile (214b) with ethyl bromoacetate
was carried out in presence of bases like potassium carbonate, potassium hydroxide pellets,
sodium hydroxide pellets etc in different solvents like ethyl acetate, acetonitrile, dimethyl
formamide etc at various temperatures in order to get the corresponding substituted indole and
it was observed that the reaction in presence of potassium hydroxide pellets in acetonitrile at
room  temperature  afforded ethyl  3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(4-
methoxyphenyl)-5-methyl-1H-indole-2-carboxylate 216a as major product in 69% yield and
ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-4-(4-methoxyphenyl)-5-methyl-1H-indole-2-
carboxylate 225a as minor product in 12% yield (Scheme 4). The structures of the isomers
were assigned based on spectral data and literature precedent™ that the reaction is governed by

the steric factors.
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NH,
Me

Me  BrCH,COOCH,CHs,

O KOH, CH4CN, rt, 2 h
CN

NH,

214b

CN

MeO l

216a: (69%)

O N COOEt Me
iSine

LCOOE'E

OMe

C

NH,

N—Co0Et
N

CN
225a: (12%)

COOEt

Scheme 4. Synthesis of 1,2,3,5,6,7-and 1,2,3,4,5,7-hexasubstituted indoles 216a and 225a

The various novel 2,6-dicyanoanilines 214 were subjected to above reaction conditions
and the results are shown in Table 2.

Table 2. Synthesis of 1,2,3,5,6,7- and 1,2,3,4,5,7-hexasubstituted indoles 216 and 225

Entry | Substituted aniline 214 Product 216 Product 225
(Yield %)* (Yield %)*
OMe
MeO Me NH,
@ e ®
O N COOEt
N NH,
NC CN O COOEt Me
1 NH, MeO CN O N COOEt
214b 216a (69) N
CN \ OOt
225a (12)
OMe
MeO O n-Pr O
2 O n-Pr e
NC CN O N—CcooEt
NH, N
214c CN \\cooa
225b (15)
OMe
MeO
O n-Hex O
NH
3 O n-Hex 2
NC CN O N—COOEt
NH, N
214d 216¢ (85) CN \\COOEt
225¢ (9)

224



Chapter 3: Section 11

N o
NH
4 O O Me 2
NG oN O N—COO0Et
NH N
21 4e2 CN  “—COOEt
225d (18)
T 0
J X
n-Pr
5 NC CN O N CoOEt
NH, N
214f CN \\COOEt
225¢ (13)
/0
& O
6 0 NH,
Me
O N—CcooEt
N\\
214g 216f (69 CN [ COOH
(69) 225f (23)
S
/ \ Me Me NH, M NH>
e
7 S A COOEt N COOEt
\\ N\\ N
NC CN S CN COOEt CN \\COOEt
NH, 2164 (64) 225g (12)
214h
J | n-Hex NH, Y°® NH,
-H
. S N—COoOEt e N—COOEt
N
NC I CN CN  “COOEt CN  “—COOEt
> 216h (77)
By 225h (11)
/ \ n-Hex NH, _O
N
5 NH
NC CN COOEt
9 NH, CN \~CooEt N
214] 216i (69) CN “-COOE!
225i (15)

*The yields given are for the isolated products.

It is interesting to note that all the substituents on indoles 216 prepared in the present
work are different and these compounds can be used as intermediates in the preparation of a

large number of substituted indoles, and compounds derived from indoles, taking advantage
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of different reactivities of various groups present in these molecules. The same is true with
the compounds 225.
3.2.4 Conclusion

In conclusion, the present work describes a three-component, one-step method for
the synthesis of 4-alkyl-3-aryl-2,6-dicyanoanilines 214 using easily available starting
materials. The dicyanoanilines prepared above were utilized for the preparation of highly
functionalized 1,2,3,5,6,7- and 1,2,3.4,5,7-hexasubstituted indoles 216 and 225 in one step
under mild conditions. The present method has a potential to generate a large number of new
compounds for structure-property studies in order to explore their utility as new substrates
for non-linear optical materials or molecular electronic devices. Also, these molecules
exhibit strong fluorescence in UV light (except 214l) and may have utility as fluorescent

materials.
3.2.5 Experimental Section

Preparation of 3-amino-4'-methoxy-6-methyl-[1,1'-biphenyl]-2,4-dicarbonitrile (214b)
To a mixture of propionaldehyde 222a (2.00 g, 34.48 mmol), 4-methoxybenzaldehyde 221b
(2.81 g, 20.66 mmol) and malononitrile (3.40 g, 51.51 mmol) in dry DMF (15 mL) taken in
a round bottom flask equipped with reflux condenser and guard tube, was added morpholine
(2.1 mL, 2.11 g, 24.25 mmol) at 0 °C. The mixture was allowed to come to RT and then
stirred at 80 °C for 12 h. It was then cooled to room temperature, diluted with ice-cold water
(50 mL), extracted with ethyl acetate (3 x 50 mL), dried over Na,SO,, concentrated and
purified by column chromatography on silica gel using pet ether-ethyl acetate (3% to 20%
ethyl acetate in pet ether) as eluent to give 3-ethyl-4-methyl-2,6-dicyanoaniline (215a)'* as
a white solid in initial fractions (0.255 g, 8%). Further elution afforded pure 3-amino-4'-

methoxy-6-methyl-[1,1'-biphenyl]-2,4-dicarbonitrile 214b as white solid (4.16 g, 77%).

Nature: White solid; MP: 199 °C; Yield: 77%; 'H NMR (200 MHz, CDCls): & 2.05 (s,
- ove) 3H), 3.87 (s, 3H), 5.07 (bs, 2H), 7.01 (d, J =9 Hz, 2H), 7.21 (d,J =9
| Hz, 2H), 7.47 (s, 1H); *C NMR (50 MHz, DMSO-de): & 18.8, 55.3,
NC 1 N 96.1, 98.0, 114.1 (2C), 116.1, 116.7, 124.7, 129.4, 130.1 (2C), 138.9,

150.5, 151.1, 159.6; IR (Chloroform): 1644, 2218, 3349, 3434 cm’™;
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MS (ESI) m/z: 262.14 (M - 1). Anal. Calcd. for C;¢H3N;0: C, 72.99; H, 4.98; N, 15.96 %.
Found: C, 72.87; H, 5.16; N, 15.89 %.

The following compounds 214a, 214c-2141 were prepared by using the procedure given for
the preparation of compound 214b.

3-Amino-6-methyl-[1,1'-biphenyl]-2,4-dicarbonitrile (214a)
Nature: Off-white solid; MP: 187 °C; Yield: 67%; *H NMR (200 MHz, CDCl3): & 2.07 (s,
e O 3H), 5.17 (bs, 2H), 7.11 (d, J = 8 Hz, 2H), 7.14-7.29 (m, 3H), 7.47 (s, 1H);
N O N BC NMR (50 MHz, DMSO-dg): & 18.6, 95.7, 99.1, 113.7 (2C), 115.4,
NH, 116.3, 124.6, 128.9, 129.0 (2C), 139.1, 150.7, 150.8, 159.5; IR
(Chloroform): 1639, 2220, 3351, 3458 cm™; MS (ESI) m/z: 232.05 (M - 1). Anal. Calcd.
for Ci;sHyNs: C, 77.23; H, 4.75; N, 18.01 %. Found: C, 77.35; H, 4.66; N, 18.13 %.

3-Amino-4'-methoxy-6-propyl- [1,1'-biphenyl]-2,4-dicarbonitrile (214c)
Nature: White solid; MP: 150 °C; Yield: 64%; *H NMR (200 MHz, CDCl;): & 0.77 (t, J =
o - 6 Hz, 3H), 1.28-1.47 (m, 2H), 2.33 (t, J = 6 Hz, 2H), 3.88 (s, 3H), 5.07
O (bs, 2H), 7.01 (d, J = 10 Hz, 2H), 7.18 (d, J = 8 Hz, 2H), 7.48 (s, 1H);
O ov | BC NMR (50 MHz, CDCl3): 8 13.5, 23.8, 33.7, 55.1, 95.8, 99.0, 113.9
(20), 115.5, 116.1, 128.8, 129.6 (2C), 131.5, 136.9, 149.7, 150.3,
159.7; IR (Chloroform): 1638, 2219, 3363, 3453 cm™'; MS (ESI) m/z: 290.13 (M - 1). Anal.
Calcd. for CisH;,N;0: C, 74.20; H, 5.88; N, 14.42 %. Found: C, 74.34; H, 5.77; N, 14.35
%.

NC
NH,

3-Amino-6-hexyl-4'-methoxy- [1,1'-biphenyl]-2,4-dicarbonitrile (214d)
Nature: White crystalline solid; MP: 121 °C; Yield: 69%; '"H NMR (200 MHz, CDCls): &
0.83 (t, J = 8 Hz, 3H), 1.05-1.40 (m, 8H), 2.34 (t, J = 8 Hz, 2H), 3.87

MeO n-Hex
(s, 3H), 5.06 (s, 2H), 7.00 (d, J = 10 Hz, 2H), 7.18 (d, J = 8 Hz, 2H),
NC en| 7.48 (s, 1H); °C NMR (50 MHz, CDCls): & 13.7, 22.1, 28.4, 30.5,
NH,

31.1, 31.6, 55.0, 95.7, 98.9, 113.8 (2C), 115.5, 116.0, 128.7, 129.6
(20), 131.1, 136.8, 149.7, 150.1, 159.7; IR (Chloroform): 1655, 2221, 3354, 3411 cm; MS

(ESI) m/z: 333.18 (M - 1). Anal. Calcd. for CyH;sN;0: C, 75.65; H, 6.95; N, 12.60 %.
Found: C, 75.73; H, 6.81; N, 12.49 %.
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2-Amino-5-methyl-4- (naphthalen-1-yl) isophthalonitrile (214e)
Nature: White crystalline solid; MP: 193 °C; Yield: 77%; 'H NMR (200 MHz, CDCls): &
1.87 (s, 3H), 5.12 (s, 2H), 7.30-7.65 (m, 6H), 7.92-8.01 (m, 2H); **C
3 OQ NMR (50 MHz, CDCly): & 18.2, 95.9, 98.6, 115.7, 116.7, 124.4, 125.4,
NC CN 125.9, 126.6, 126.7, 127.4, 128.8, 129.2, 130.3, 133.3, 135.0, 139.1,
149.2, 151.2; IR (Chloroform): 1612, 2225, 3241, 3357, 3478 cm'l; MS
(ESI) m/z: 282.13 (M - 1). Anal. Calcd. for C;oH;3N3: C, 80.54; H, 4.62; N, 14.83 %.
Found: C, 80.66; H, 4.55; 14.90 %.

2-Amino-4- (naphthalen-1-yl)-5-propylisophthalonitrile (214f)
Nature: White solid; MP: 151 °C; Yield: 52%; *H NMR (200 MHz, CDCl5): 6 0.67 (t, J =
O o 8 Hz, 3H), 1.23-1.42 (m, 2H), 1.99-2.28 (m, 2H), 5.11 (bs, 2H), 7.33-7.63
NC O N (m, 6H), 7.96 (t, J = 6 Hz, 2H); *C NMR (50 MHz, CDCl;): & 13.4,
NH, 23.5, 33.7, 96.5, 99.6, 115.0, 116.0, 124.5, 125.1, 126.2, 126.5, 126.8,
128.5, 129.3, 130.8, 131.8, 133.3, 134.0, 136.8, 148.9, 149.7; IR (Chloroform): 1627, 2223,
3244, 3401 cm’'; MS (ESI) m/z: 310.17 (M - 1). Anal. Calcd for C,;H;7N3: C, 81.00; H,

5.50; N, 13.49 %. Found: C, 81.16; H, 5.39; N, 13.56 %.

2-Amino-4- (benzo[d][1,3]dioxol-5-yl)-5-methylisophthalonitrile (2149)
Nature: Yellow solid; MP: 207 °C; Yield: 75%; *H NMR (200 MHz, CDCls): & 2.06 (s,
— 3H). 5.07 (bs, 2H), 6.05 (s, 2H), 6.71-6.74 (m, 2H), 6.93 (d, J = 8 Hz,
o> 1H), 7.47 (s, 1H); *C NMR (50 MHz, CDCL): & 19.1, 95.9, 99.0,
NC O cn 101.4, 108.6, 108.7, 115.4, 115.9, 122.2, 126.3, 130.3, 137.6, 147.8,
— 148.2, 149.8, 150.2; IR (Chloroform): 1613, 2226, 3347, 3419 cm™'; MS

(ESI) m/z: 276.1 (M - 1). Anal. Calcd. for C;sH;N3;O,: C, 69.31; H, 4.00; N, 15.15 %.
Found: C, 69.19; H, 4.14; N, 15.28 %.

2-Amino-5-methyl-4- (thiophen-2-yl)isophthalonitrile (214h)

Nature: Off-white crystalline solid; MP: 165 °C; Yield: 56%; 'H NMR
(200 MHz, CDCls): & 2.17 (s, 3H), 5.10 (s, 2H), 7.10-7.22 (m, 2H), 7.50-
7.57 (m including s at 7.48, 2H); *C NMR (50 MHz, CDCls): & 19.3, 96.4,
994, 115.2, 117.7, 127.3, 127.7, 128.6, 129.3, 136.1, 137.5, 143.0, 149.9;
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IR (Chloroform): 1635, 2220, 2924, 3241, 3357, 3465 cm™; MS (ESI) m/z: 238.09 (M - 1).
Anal. Calcd. for C3HgNsS: C, 65.25; H, 3.79; N, 17.56 %. Found: C, 65.33; H, 3.68;
17.49 %.

2-Amino-5-hexyl-4-(thiophen-2-yl)isophthalonitrile (214i)

Nature: White crystalline solid; MP: 106 °C; Yield: 70%; 'H NMR (200 MHz, CDCls): &
0.85 (t, J = 8 Hz, 3H), 1.10-1.15 (m, 8H), 2.45 (t, J = 10 Hz, 2H), 5.13 (s,
2H), 7.07-7.20 (m, 2H), 7.54 (m including s at 7.49, 2H); *C NMR (50
MHz, CDCl;): 6 13.8, 22.2, 28.6, 30.9, 31.2, 32.1, 96.9, 99.8, 115.1, 115.8,
127.2,127.5, 128.7, 132.5, 135.9, 136.9, 142.7, 149.7; IR (Chloroform): 1635, 2222, 3241,
3349, 3465 cm™; MS (ESI) m/z: 308.11 (M - 1). Anal. Calcd. for C;sHoN3S: C, 69.87; H,
6.19; N, 13.58 %. Found: C, 69.77; H, 6.31; N, 13.47 %.

2-Amino-4- (furan-2-yl)-5-methylisophthalonitrile (214j)

Nature: Off-white crystalline solid; MP: 178 °C; Yield: 10%; 'H NMR (400 MHz,
CDCly): 6 2.30 (s, 3H), 5.14 (s, 2H), 6.57-6.64 (m, 1H), 6.86 (d, J = 4 Hz,
1H), 7.46 (s, 1H), 7.64 (s, 1H); *C NMR (100 MHz, CDCl3): § 20.2, 111.6,
112.7, 112.9, 113.8, 114.5, 115.8, 126.2, 136.5, 138.4, 143.9, 144.6, 150.3;
IR (Chloroform): 1637, 2214, 3368, 3467 cm™'; MS (ESI) m/z: 222.06 (M -
1). Anal. Calcd. for C;3HgN;0: C, 69.95; H, 4.06; N, 18.82 %. Found: C, 69.86; H, 4.21;
N, 18.75 %.

2-Amino-4- (furan-2-yl)-5-hexylisophthalonitrile (214k)

Nature: Off-white crystalline solid; MP: 89 °C; Yield: 17%; 'H NMR (200 MHz, CDCl5):
8 0.87 (t, J = 6 Hz, 3H), 1.17-1.50 (m, 8H), 2.58 (t, J = 8 Hz, 2H), 5.12 (s,
2H), 6.59 (dd, J = 4, 2 Hz, 1H), 6.80 (dd, J = 4, 2 Hz, 1H), 7.48 (s, 1H),
7.52-7.60 (m, 1H); °C NMR (50 MHz, CDCls): & 13.9, 22.3, 28.7, 30.5,
31.3, 32.6, 96.5, 97.1, 111.5, 113.1, 115.7, 115.8, 131.5, 137.6, 137.7,
143.7, 148.1, 150.1; IR (Chloroform): 1644, 2222, 3350, 3441 cm'l; MS (ESI) m/z: 292.17
(M - 1). Anal. Calcd. for C;sH;9N;0: C, 73.69; H, 6.53; N, 14.32 %. Found: C, 73.58; H,
6.66; N, 14.18 %.

3-Amino-4’-hydroxy-6-methyl- [1,1°-biphenyl]-2,4-dicarbonitrile (2141)
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Nature: Yellow solid; MP: 204 °C; Yield: 53%; *H NMR (200 MHz, DMSO-de): & 0.94 (s,

3H), 5.47 (bs, 2H), 5.89 (d, J = 8 Hz, 2H), 6.12 (d, J = 8 Hz, 2H), 6.67

1§ O > (s, 1H), 8.82 (bs, 1H); °C NMR (50 MHz, DMSO-de): & 18.9, 94.9,

NC O CN 98.1, 115.5 (2C), 115.6, 116.2, 116.8, 124.8, 127.8, 130.0 (2C), 138.8,

— 151.1, 157.9; IR (Nujol): 1607, 1644, 2218, 3355, 3369 cm™ . MS (ESI)

m/z: 248.14 (M - 1). Anal. Calcd. for C;5H;;N;0: C, 72.28; H, 4.45; N, 16.86 %. Found:
C, 72.40; H, 4.57; N, 16.74 %.

Preparation of ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(4-methoxyphenyl)-5-
methyl-1H-indole-2-carboxylate (216a) and ethyl 3-amino-7-cyano-1-(2-ethoxy-2-
oxoethyl)-4-(4-methoxyphenyl)-5-methyl-1H-indole-2-carboxylate (225a)

The 3-amino-4'-methoxy-6-methyl-[1,1'-biphenyl]-2,4-dicarbonitrile 214b (263 mg, 1
mmol) and ethyl bromoacetate (0.34 mL, 3 mmol) were dissolved in acetonitrile (5 mL) in a
2-necked RB flask equipped with guard tube at RT and the pellets of potassium hydroxide
(336 mg, 6 mmol) were added. The reaction mixture was stirred at room temperature for 2 h.
It was then diluted with excess of cold water and extracted with ethyl acetate (3 x 10 mL),
dried over Na,SOs, concentrated and purified by column chromatography on silica gel using
pet ether-ethyl acetate as eluent. Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-4-(4-
methoxyphenyl)-5-methyl-1H-indole-2-carboxylate 225a was obtained as yellow solid (53
mg, 12.15 %).

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-4-(4-methoxyphenyl)-5-methyl-1H-
indole-2-carboxylate (225a)
Nature: Yellow solid; MP: 167°C; Yield: 12.15 %; *H NMR (200 MHz, CDCls): & 1.33 (t,

owe J =6 Hz, 6H), 2.09 (s, 3H), 3.90 (s, 3H), 4.23- 4.37 (m, 4H), 4.49 (bs,
O 2H), 5.57 (s, 2H), 7.05 (d, J = 8 Hz, 2H), 7.23 (d, J = 8 Hz, 2H), 7.56 (s,

ve \NHZCOOB 1H); 3C NMR (50 MHz, CDCls): 8 14.1, 14.2, 18.6, 46.9, 55.2, 60.1,
TN on | 614 927, 1095, 114.1 (20), 118.1, 1185, 127.0, 129.1, 129.6 (20),

135.4, 135.9, 137.9, 141.2, 159.5, 162.4, 169.3; IR (Chloroform): 1609,
1672, 1751, 2219, 3374, 3476 cm’; MS (ESI) m/z: 458.20 (M + Na). Anal. Calcd. for
CasHasN;Os: C, 66.19; H, 5.79; N, 9.65 %. Found: C, 66.30; H, 5.66; N, 9.73 %.
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Further  elution  provided ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(4-
methoxyphenyl)-5-methyl-1H-indole-2-carboxylate 216a as yellow solid (301 mg, 69.2 %).

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(4-methoxyphenyl)-5-methyl-1H-
indole-2-carboxylate (216a)
Nature: Yellow solid; MP: 188 °C; Yield: 69.2 %; *H NMR (200 MHz, CDCl;): & 1.28 (t,
N J=6Hz, 3H), 1.41 (t, J = 6 Hz, 3H), 2.18 (s, 3H), 3.87 (s, 3H),
cooEt 428 (q, J = 8 Hz, 2H), 439 (q, J = 6 Hz, 2H), 4.97 (bs, 2H), 5.60
oo O en “cooet | (s, 2H), 7.00 (d, J = 10 Hz, 2H), 7.22 (d, J = 10 Hz, 2H), 7.62 (s,
1H); *C NMR (50 MHz, CDCls): & 14.0, 14.3, 20.6, 46.7, 55.1,
60.3, 61.4, 95.0, 110.2, 113.8 (2C), 117.3, 119.5, 124.9, 127.5, 130.2 (2C), 130.4, 136.2
(2C), 147.4, 159.4, 162.4, 169.6; IR (Chloroform): 1621 1682, 1733, 2215, 3370, 3476 cm’

. MS (ESI) m/z: 458.14 (M + Na). Anal. Calcd. for Co,HasN30s: C, 66.19; H, 5.79; N,
9.65 %. Found: C, 66.30; H, 5.65; N, 9.73 %.

The following compounds 216b-216i and 225b-225i were prepared by using the procedure

given for the preparation of compounds 216a and 225a.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(4-methoxyphenyl)-5-propyl-1H-
indole-2-carboxylate (216b)
Nature: Yellow solid; MP: 135 °C; Yield: 65%; "H NMR (200 MHz, CDCl3): & 0.79 (t, J =
o 8 Hz, 3H), 1.25-1.49 (m, 8H), 2.46 (t, J = 8 Hz, 2H), 3.88 (s, 3H),
" O S-coon | 424 (g, 9 =8 Hz, 2H), 4.40 (g, J = § Hz, 2H), 4.99 (bs, 2H), 5.59
oo ‘ en “cooet | (s, 2H), 6.98 (d, J = 10 Hz, 2H), 7.22 (d, J = 8 Hz, 2H), 7.63 (s,
1H); *C NMR (50 MHz, CDCls): & 13.7, 14.0, 14.3, 24.2, 35.2,
46.7,55.1,60.3,61.4,95.3,110.3, 113.6 (2C), 117.2, 119.6, 124.2, 130.2, 130.4 (2C), 132.3,
136.1, 136.3, 147.3, 159.3, 162.4, 169.6; IR (Chloroform): 1672, 1739, 2217, 3366, 3467
cm™'; MS (ESI) m/z: 486.29 (M + Na). Anal. Calcd. for CoHyoN30s: C, 67.37; H, 6.31; N,
9.07 %. Found: C, 67.26; H, 6.44; N, 8.94 %.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-hexyl-6-(4-methoxyphenyl)-1H-
indole-2-carboxylate (216c)
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Nature: Yellow powder; MP: 131 °C; Yield: 85%; 'H NMR (200 MHz, CDCls): 6 0.83 (t,
] N, J =8 Hz, 3H), 1.04-1.15 (m, 14H), 2.48 (t, J = 8 Hz, 2H), 3.88
cooa (s, 3H), 4.24 (q, J = 8 Hz, 2H), 4.40 (q, J = 8 Hz, 2H), 4.99 (s,

MeO O en —eooet | oMY, 5.59 (s, 2H), 6.99 (d, I = 9 Hz, 2H), 7.22 (d, J = 9 Hz, 2H),
7.62 (s, 1H); *C NMR (50 MHz, CDCL): & 13.8, 14.0, 14.2,
22.29, 28.7, 31.0, 31.2, 33.0, 46.7, 55.0, 60.2, 61.3, 95.1, 110.1, 113.6 (2C), 117.2, 119.6,
124.2, 130.1, 130.3 (2C), 132.5, 136.0, 136.4, 147.1, 159.3, 162.3, 169.6; IR (Chloroform):

1610, 1676, 1746, 2216, 3367, 3468 cm™'; MS (ESI) m/z: 504.41 (M - 1). Anal. Calcd for
C2oHisN;Os: C, 68.89; H, 6.98; N, 8.31 %. Found: C, 68.78; H, 7.14; N, 8.16 %.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-methyl-6-(naphthalen-1-yl)-1H-
indole-2-carboxylate (216d)
Nature: Yellow solid; MP: 135 °C; Yield: 62%; *H NMR (200 MHz, CDCl3): & 1.25 (t,J =
N 6 Hz, 3H), 1.43 (t, J = 6 Hz, 3H), 2.01 (s, 3H), 4.23 (g, J = 6 Hz, 2H),
O Y—cooet| 4,42 (q, J = 6 Hz, 2H), 5.03 (bs, 2H), 5.60 (s, 2H), 7.25-7.63 (m, 5H),
oncooet | 779 (s, 1H), 7.92-7.98 (m, 2H); *C NMR (50 MHz, CDCls): & 14.0
14.3, 20.0, 46.8, 60.4, 61.4, 95.8, 110.5, 116.7, 120.1, 124.8 (20),
124.9, 125.6, 126.0, 126.6, 127.0, 128.3, 128.4, 128.6, 131.4, 133.5, 135.8, 136.3, 145.9,
162.4, 169.4; IR (Chloroform): 1681, 1759, 2217, 3379, 3476 cm’; MS (ESI) m/z: 478.21
(M + Na). Anal. Calcd for C,;H,5N304: C, 71.19; H, 5.53; N, 9.22 %. Found: C, 71.28; H,
5.41; N, 9.39 %.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(naphthalen-1-yl)-5-propyl-1H-
indole-2-carboxylate (216e)

Nature: Yellow solid; MP: 168 °C; Yield: 61%; *H NMR (200 MHz, CDCls): & 0.68 (t, J =
6 Hz, 3H), 1.21-1.46 (m, 7H), 1.43 (t, J = 8 Hz, 3H), 2.06-2.41 (m,
2H), 4.22 (q, J = 6 Hz, 2H), 4.42 (q, J = 8 Hz, 2H), 5.58 (bs, 2H),
7.35-7.62 (m, 5H), 7.74 (s, 1H), 7.94 (t, J = 6 Hz, 2H); *C NMR (50
MHz, CDCl5): 8 13.6, 14.0, 14.3, 24.1, 35.0, 46.9, 60.4, 61.4, 96.0,
110.5, 116.7, 120.2, 124.1, 125.0, 125.1, 126.0, 126.5, 127.5, 128.4, 128.9, 131.9, 133.0,
133.4, 135.5, 136.2, 136.3, 145.6, 162.5, 169.5; IR (Chloroform): 1615, 1674, 1739, 2219,
3328, 3442 cm™'; MS (ESI) m/z: 506.32 (M + Na). Anal. Calcd. for Cy9H9N;304: C, 72.03;
H, 6.04; N, 8.69 %. Found: C, 72.18; H, 5.92; N, 8.77 %.
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Ethyl 3-amino-6-(benzo[d][1,3]dioxol-5-yl)-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-methyl-
1H-indole-2-carboxylate (216f)
Nature: Bright green solid; MP: 179 °C; Yield: 69%; *H NMR (200 MHz, CDCls): & 1.25-
NH, 1.45 (m, 6H), 2.18 (s, 3H), 4.19-4.45 (m, 4H), 4.97 (bs, 2H), 5.59
; cooet| (s, 2H), 6.03 (s, 2H), 6.73 (s, 1H), 6.75 (d, J = 7 Hz, 1H), 6.92 (d, J
R W R Hz, 1H), 7.62 (s, 1H); 3C NMR (50 MHz, CDCl3): & 14.0,
14.2,20.5, 46.7, 60.2, 61.4,94.9, 101.1, 108.3, 109.4, 110.2, 117.1,
119.6, 122.6, 125.0, 127.4, 131.7, 136.1, 136.2, 147.0, 147.5 (2C), 162.5, 166.5; IR
(Chloroform): 1620, 1731, 1749, 2215, 3324, 3452 cm™'; MS (ESI) m/z: 472.21 (M + Na).
Anal. Calcd. for C,4H23N306: C, 64.13; H, 5.16; N, 9.35 %. Found: C, 64.00; H, 5.27; N,
9.22 %.

Ethyl 3-amino-7-cyano-1- (2-ethoxy-2-oxoethyl)-5-methyl-6-(thiophen-2-yl)-1H-indole-

2-carboxylate (2169)
Nature: Yellow powder; MP: 199 °C; Yield: 64%; 'H NMR (200 MHz, CDCl3): 6 1.15-
NH, 1.50 (m, 6H), 2.26 (s, 3H), 4.15-4.50 (m, 4H), 4.97 (s, 2H), 5.59 (s,
gm cooal 2H), 7.00-7.21 (m, 2H), 7.44-7.73 (m, 2H); **C NMR (50 MHz,
\s con “cooe CDCls): 6 14.0, 14.3, 20.6, 46.7, 60.3, 61.5, 96.2, 110.5, 116.7, 120.4,
124.9, 127.1 (2C), 128.4 (2C), 128.7, 136.1, 137.9, 139.5, 162.3,
169.6; IR (Chloroform): 1667, 1716, 1762, 2215, 3356, 3460 cm’; MS (ESI) m/z: 410.21
(M - 1). Anal. Calcd for C,;H,1N304S: C, 61.30; H, 5.14; N, 10.21 %. Found: C, 61.19; H,
5.21; N, 10.09 %.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-hexyl-6-(thiophen-2-yl)-1H-indole-2-
carboxylate (216h)

Nature: Yellow powder; MP: 105 °C; Yield: 77%; 'H NMR (200 MHz, CDCl5): & 0.85 (t,
" N, J =6 Hz, 3H), 1.12-1.65 (m, 14H), 2.57 (t, J = 8 Hz, 2H), 4.24 (¢, J =
©mcooa 8 Hz, 2H), 4.40 (q, J = 8 Hz, 2H), 4.99 (bs, 2H), 5.60 (s, 2H), 7.04-
Vs o “cooet] 720 (m, 2H), 7.45-7.53 (m, 1H). 7.63 (s. 1H): °C NMR (50 MHz,
CDCly): & 13.9, 14.0, 14.2,22.2,28.8, 31.3, 31.5, 33.3, 46.7, 60.3, 61.4, 96.4, 110.4, 116.7,

120.5, 124.2, 126.9 (2C), 128.7, 133.8, 135.8, 136.2, 137.6, 139.1, 162.2, 169.5; IR
(Chloroform): 1615, 1688, 1746, 2217, 3373, 3475; MS (ESI) m/z: 480.31 (M - 1). Anal.
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Calcd. for Co6H31N304S: C, 64.84; H, 6.49; N, 8.72 %. Found: C, 64.91; H, 6.37; N, 8.83
%.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-6-(furan-2-yl)-5-hexyl-1H-indole-2-
carboxylate (216i)
Nature: Yellow powder; MP: 105 °C; Yield: 69%; *H NMR (200 MHz, CDCls): & 0.86 (t,
" NH, J=6Hz, 3H), 1.17-1.56 (m, 14H), 2.63 (t, J = 8 Hz, 2H), 4.25 (q, J =
ﬁcooa 8 Hz, 2H), 4.40 (q, J = 8 Hz, 2H), 4.97 (bs, 2H), 5.61 (s, 2H), 6.54-
Vo v “-cooet| 660 (m, 1H), 6.63-6.68 (m, 1H), 7.58-7.65 (m, 2H); *C NMR (50
MHz , CDCls): ¢ 13.9, 14.0, 14.3, 22.4, 28.9, 31.0, 31.4, 33.5, 46.8, 60.4, 61.5, 95.0, 110.8,
111.0, 112.0 (2C), 117.0, 120.6, 124.8, 133.7, 135.2, 136.1, 143.0, 149.3, 162.3, 169.6; IR
(Chloroform): 1617, 1686, 1743, 2217, 3367, 3471 cm™; MS (ESI): m/z: 464.30 (M - 1).

Anal. Calcd for CycH31N30s: C, 67.08; H, 6.71; N, 9.03 %. Found: C, 67.21; H, 6.64; N,
9.17 %.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-4-(4-methoxyphenyl)-5-propyl-1H-
indole-2-carboxylate (225b)
Nature: Yellow solid; MP: 147 °C; Yield: 15%; 'H NMR (200 MHz, CDCls): & 0.80 (t, J =

e 8 Hz, 3H), 1.26-1.36 (m, 8H), 2.36 (t, J = 8 Hz, 2H), 3.90 (s, 3H),

O 4.26-4.36 (m, 4H), 4.43 (bs, 2H), 5.56 (s, 2H), 7.03 (d, J = 8 Hz, 2H),

e stcooa 7.23 (d, J = 8 Hz, 2H), 7.56 (s, 1H); *C NMR (50 MHz, CDCls): &
TN | 137 141,142,247,336,47.0, 552, 60.1, 61.5, 929, 109.5, 113.9

(2C), 118.2, 118.5, 128.8, 129.9 (2C), 131.8, 135.0, 135.6, 138.2,
141.0, 159.4, 162.4, 169.4; IR (Chloroform): 1610, 1681, 1759, 2219, 3379, 3476 cm’'; MS
(ESI) m/z: 486.26 (M + Na).

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-hexyl-4-(4-methoxyphenyl)-1H-indole-
2-carboxylate (225c)
- Nature: Yellow powder; MP: 103 °C; Yield: 9%; 'H NMR (400
O MHz, CDCls): & 0.83 (t, J = 8 Hz, 3H), 1.09-1.50 (m, 14H), 2.37 (t, J
e NH, = 8 Hz, 2H), 3.90 (s, 3H), 4.22-4.34 (m, 4H), 4.44 (s, 2H), 5.56 (s,
O Dmeooetl o1y 7,03 (d, 3 = 8 Hz, 2H), 7.23 (d, J = 8 Hz, 2H), 7.56 (s, 1H); ©*C
&y coom NMR (100 MHz, CDCly): & 13.9, 14.1, 14.3, 22.3, 28.8, 31.3, 31.5
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(20), 47.0, 55.2, 60.1, 61.5, 93.0, 109.5, 113.9 (2C), 118.2, 118.5, 128.8, 129.9 (2C), 132.2,
135.0, 135.6, 138.2, 140.9, 159.5, 162.4, 169.4; IR (Chloroform): 1610, 1685, 1754, 2219,
3363, 3448 cm™'; MS (ESI) m/z: 504.38 (M - 1).

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-methyl-4-(naphthalen-1-yl)-1H-
indole-2-carboxylate (225d)
Nature: Yellow solid; MP: 135 °C; Yield: 18%; *H NMR (200 MHz, CDCls): & 1.24-1.38
OO (m, 6H), 1.97 (s, 3H), 4.14 (bs, 2H), 4.19-4.36 (m, 4H), 5.60 (s, 2H),
NH; 7.30-7.65 (m, 6H), 7.99 (t, J = 8 Hz, 2H); *C NMR (50 MHz,
S—cooet]l  CDCly): § 14.1, 14.2, 18.2, 47.0, 60.1, 61.5, 93.2, 109.7, 118.1, 119.0,
en ‘cooe] o5 3 (20), 126.3, 126.6, 127.0, 127.6, 128.4, 128.9, 131.0, 133.3,
134.5, 135.4, 135.9, 137.6, 139.5, 162.3, 169.4; IR (Chloroform): 1610, 1681, 1759, 2217,
3379, 3476 cm™'; MS (ESI) m/z: 478.28 (M + Na).

Me

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-4-(naphthalen-1-yl)-5-propyl-1H-indole-
2-carboxylate (225e)
Nature: Yellow solid; MP: 168 °C; Yield: 13%; '"H NMR (200 MHz,
OO NH, CDCl3): 8 0.69 (t, J = 6 Hz, 3H), 1.24-1.46 (m, 8H), 2.06-2.35 (m, 2H),
" S-cooet| 4,07 (bs, 2H), 4.20-4.37 (m, 4H), 5.60 (s, 2H), 7.33-7.68 (m, 6H), 7.99
v ‘—cooet | (¢, J = 8 Hz, 2H); 3C NMR (100 MHz, CDCL3): & 13.7, 14.1, 14.2,
24.4, 33.6, 47.1, 60.1, 61.5, 93.5, 109.7, 118.2, 118.8, 125.1, 125.6, 126.6, 126.7, 126.9,
128.3, 128.9, 131.5, 132.3, 133.2, 134.2, 134.9, 135.7, 137.8, 139.2, 162.3, 169.4; IR
(Chloroform): 1604, 1682, 1752, 2219, 3399, 3491 cm™; MS (ESI) m/z: 506.31 (M + Na).

Ethyl 3-amino-4- (benzo[d][1,3]dioxol-5-yl)-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-methyl-
1H-indole-2-carboxylate (225f)
Nature: Light orange solid; MP: 108 °C; Yield: 23%; '"H NMR (200 MHz, CDCl3): & 1.26-
=S 1.38 (m, 6H), 2.11 (s, 3H), 4.23-4.36 (m, 4H), 4.58 (bs, 2H), 5.57 (s,
° O 2H), 6.08 (s, 2H), 6.74 (s, 1H), 6.75 (d, J = 8 Hz, 2H), 7.55 (s, 1H); 1*C
e O L“”ZCOOB NMR (50 MHz, CDCly): & 14.0, 14.2, 18.5, 46.9, 60.1, 61.5, 92.9,
O 101.4, 108.6, 109.1, 109.6, 118.0, 118.4, 121.7, 127.0, 130.5, 135.4,
136.0, 137.7, 140.9, 147.6, 147.9, 162.3, 169.3; IR (Chloroform): 1681,
1750, 2220, 3348, 3489 cm™; MS (ESI) m/z: 472.21 (M + Na).
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Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-methyl-4-(thiophen-2-yl)-1H-indole-

2-carboxylate (2259)

Nature: Yellow powder; MP: 156 °C; Yield: 12%; *H NMR (200 MHz, CDCls): & 1.28-
= 1.46 (m, 6H), 2.19 (s, 3H), 4.24-4.47 (m, 4H), 4.63 (s, 2H), 5.58 (s,

S
- . 2H), 7.04-7.12 (m, 1H), 7.20-7.28 (m, 1H), 7.55-7.63 (m, 2H); °C
A COOEt NMR (50 MHz, CDCls): § 13.9, 14.1, 18.4, 46.8, 60.1, 61.3, 93.8,

CN \\COOEt

109.8, 117.6, 119.2, 127.2 (2C), 127.5, 129.0, 133.4, 134.9, 135.4,
136.8, 137.4, 162.1, 169.1; IR (Chloroform): 1602, 1673, 1750, 2220, 3362, 3480 cm™; MS
(EST) m/z: 410.21 (M - 1).

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-5-hexyl-4-(thiophen-2-yl)-1H-indole-2-

carboxylate (225h)

Nature: Yellow solid powder; MP: 99 °C; Yield: 11%; 'H NMR (200 MHz, CDCls): o
= 0.80 (t, J = 6 Hz, 3H), 1.10-1.58 (m, 14H), 2.45 (t, J = 8 Hz, 2H),

4.18-4.40 (m, 4H), 4.58 (s, 2H), 5.57 (s, 2H), 7.02-7.10 (m, 1H), 7.16-
A\
' “°% 7.24 (m, 1H), 7.52-7.60 (m, 2H); *C NMR (50 MHz, CDCl3):  13.8,

14.0, 14.1, 22.2, 28.8, 31.2, 31.6, 31.9, 46.8, 60.1, 61.4, 94.2, 109.8,
117.7,119.1, 127.0, 127.1, 128.0, 132.9, 134.2, 134.4, 135.1, 136.5, 137.6, 162.2, 169.1; IR
(Chloroform): 1602, 1686, 1754, 2219, 3367, 3393, 3486 cm™'; MS (ESI) m/z: 480.31 (M -

1.

Ethyl 3-amino-7-cyano-1-(2-ethoxy-2-oxoethyl)-4-(furan-2-yl)-5-hexyl-1H-indole-2-
carboxylate (225i)
Nature: Yellow semisolid; Yield: 15%; *H NMR (400 MHz, CDCl;): & 0.80-0.92 (m, 6H),
— 1.15-1.52 (m, 10H), 2.49 (t, J = 8 Hz, 2H), 4.20-4.37 (m, 4H), 4.70 (s,
NH, 2H), 5.56 (s, 2H), 6.52-6.56 (m, 2H), 6.62-6.67 (m, 1H), 7.57 (s, 1H),
N\L CO%FY 7,65 (s, 1H); *C NMR (100 MHz, CDCL): & 13.9, 14.1, 14.2, 22.4,
28.8, 29.6, 31.4, 31.7, 32.3, 47.0, 60.3, 61.5, 94.9, 110.3, 111.1,
111.2, 117.8, 1193, 129.1, 134.7, 134.8, 1354, 143.0, 148.2, 162.4, 169.2; IR
(Chloroform): 1608, 1685, 1753, 2220, 3336, 3488 cm’'; MS (ESI) m/z: 464.29 (M - 1).

n-Hex

CN COOEt
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3.2.6 Selected spectra
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214f: 'TH NMR (200 MHz, CDCLy)
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2149: 'H NMR (200 MHz, CDCls)
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214h: '"H NMR (200 MHz, CDCl5)
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veT—

214k: 'H NMR (200 MHz, CDCly)
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216a: '"H NMR (200 MHz, CDCls)
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216b: '"H NMR (200 MHz, CDCl5)
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216¢: "H NMR (200 MHz, CDCl;)
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2169: "H NMR (200 MHz, CDCls)
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225a: "H NMR (200 MHz, CDCls)

0.0

TTvT
@N.SHU.

G9'8T—

0.5

0E'T

€ T— e

6.28
[
15

60'c—

66'9v—

¥¢'SS—

2.5

9T'09— —

3.0

3.5

06'€—

=
4.0

3.89 3.00

ST
SUSY P— —

——
4.5

| |=
n
m STHTT—
SEe || iy
156— 5 [Ew .
LH__ N 90'42T~
o] P— T 62T —=
3 = W
R 8viSET— 16'L€T =
g o e o LTTHT
@) w M
B
=z 7 \\ o N
=z N O
[} N
S < © ‘66 T—
5 O 5 N - 05'65T~
— E0 - Tt'29T—
o1~ Te)
[) o .
L N 8€'69T—
o\

160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
246

170




Chapter 3: Section 11

225¢: "H NMR (400 MHz, CDCl;)
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3.3.1 Abstract

A short synthetic strategy mediated by a heterogeneous Si-Fe catalyst for the
preparation of a-chlorostilbenes was developed by reaction of phenylacetic acid chlorides
with various aromatic substrates. The a-chlorostilbenes were converted into cis or trans-
stilbenes and diaryl acetylenes. Furthermore, the dechlorination of properly substituted a-

chlorostilbenes led to various important molecules like DMU-212.

3.3.2 Introduction

Stilbenes constitute a family of compounds exhibiting various biological activities
like anticancer activity', antifungal activity®, cyclooxygenase-2 inhibitory activity® efc. as
well as they are used as intermediates in the synthesis of various useful molecules including
antibiotics, fluorescent brighteners, polymers ezc. They are found in a number of plants* and

1a,1d,5a-b . 6 .
1480 or Heck reaction”. The stilbenes have

are generally prepared by Wittig reaction
potential in the medicinal field demonstrated by a number of publications describing
synthesis and biological activity of DMU-212 (226)'7*°, resveratrol (227)'¢7*7%%,
piceantannol (228)*, combretastatin A-4 (229)1""‘11’72"9 and many other substituted

stilbenes®™™!? (Figure 1).

OMe OH OH
MeO\ Hol\ HO\ OH

MeO
OMe OH OH
226: DMU-212 227: Resveratrol 228: Piceatannol
MeO XN MeO O SN
MeO ‘ O MeO O
OMe
OMe OH
OMe OMe
229: Combretastatin A-4 230

Figure 1. Structures of DMU-212 (226), resveratrol (227), piceatannol (228), combretastatin
A-4 (229) and cis-isomer of DMU-212 (230)
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DMU-212 (226) has received special interest in synthetic chemists as it has showed

10a

better anticancer activity than resveratrol'. Its cis-isomer (230)'** also exhibits significant

anticancer activity. Recent publications describing synthesis of DMU-212 (226)61”7""C
prompted us to explore the possibility to develop a short synthetic strategy for substituted

stilbenes based on our recent findings'' and the results are described in this section.

3.3.3 Review of literature

Preparation of a-halostilbenes

Aryl-substituted halo olefins are important intermediates in organic synthesis. There
are so many methods reported in the literature for the synthesis of substituted halo olefins.
One of the most preferred routes to prepare substituted olefins is by reacting a phosphonate
carbanion with a carbonyl compound via the Horner—Wadsworth—-Emmons reaction'?.

Synthesis of aryl-substituted halo olefins 233" by this route would require the

corresponding halogenophosphonates 231 as shown in scheme 1.

J xR
\
o NaH, THF, 4 \—
0o R 0°9C-rt _
>< Spcp—/ %+ RICHO ————>
231 232 233
X = Cl, Br R = 4-OMe-CgH, X = Cl, yield = 60-90%
R = H, 4-Me, 4-OMe R1 = 4_Me_C6H4 X= Br, y|e|d = 20-30%

R" = PhCH=CH

Scheme 1. Preparation of a-chloro-olefins 233 via Horner—Wadsworth—Emmons reaction

Other methods such as Wittig reaction of ketones with Ph;sP=CHCI or addition of
HCI to acetylenes in the presence of zinc chloride are reported'* by M. Hanack et al. Use of
selenium reagent in presence of aluminum chloride for the preparation of a-chloro-olefins
was reported”” by N. Kamigata et al. They observed that the reaction of benzeneseleninyl
chloride (234) with olefins 235 in the presence of aluminum chloride in DCM afforded

chloro-olefins 236 as shown in Scheme 2.
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Ph AICl5, DCM Ph
I 7 >
o CHR CCIR + PhSeOH
Ph-Se-Cl + PH 2-3 h, 60-70 % ph>:

234 235 236

R=HorPh R=H or Ph

Scheme 2. Preparation of a-chloro-olefins 236 using aluminum chloride

L. Engman et al. reported'® the addition of phenylselenium trichloride to number of
olefinic compounds to produce (B-chloroalkyl)phenylselenium dichlorides (237), which on
treatment with aqueous sodium hydrogen carbonate in DCM readily hydrolyzed to

selenoxide, which underwent the usual selenoxide elimination reaction to produce an allylic

or a vinylic chloride 238 as shown in Scheme 3.

SeCl,Ph
Ph

NaHCO5 (aq. Ph
ph HH 3 (aq.) . :_i
C DCM, 95 % Cl H

237 238

Scheme 3. Preparation of a-chloro-stilbene 238

X. Haung et al. reported'’ the preparation of vinyl halides 241 by reacting arsonium
ylides 240 with aromatic aldehydes through Wittig reaction as shown in Scheme 4.
However, all of these ylides are limited to o -halo- a -electron withdrawing group

substituted arsonium ylides, i.e. stabilized arsonium ylides.

® o NaH,OTHF, ®
PPh3As—(|3H4®—N02 | 0-5°C _ |PPh;As=C NO,
- |

239 240
ArCHO, rt Ar = CgHs, 4-NO,CgHy, 4-BrCgHy,
————» ArHC=C NO2 | 4.CIC4H,, 4-CH3CgH4, 4-CH30CgHs
65-94% |

241

Scheme 4. Preparation of a-chloro-stilbenes 241 using arsonium ylides
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M. Kodomari and co-workers reported'® the use of silica gel-supported zinc chloride
for the preparation of [1-chlorostilbenes as shown in Scheme 5. Author observed that when
anisole (242a) was treated with arylacetyl chloride (243) using silica gel-supported zinc
chloride as a catalyst, []-chlorostilbene 233 as well as the expected acylated product 244
were obtained as shown in Scheme 5. Similar products have been seen in the

Montmorillonite-supported FeCls-catalyzed Friedel-Crafts acylation reaction'”.

MeO O . Cl o}
ZnC|2/S|02
+ Ar ———» MeO
\@ \)J\CI 30 °C —< >—<\ Ar+ Meo{ >—< R

242a 243 233 244

r

Ar = C6H5, 4—Me-CGH5,
4-OMe-CBH5, 4-C|—C6H5

Scheme 5. Preparation of a-chlorostilbenes 233

Furthermore, when aryl or alkyl ketones 245 were reacted with acetyl halides 246 in
strongly acidic solvents such as trifluoroacetic acid or methanesulfonic acid, the products
formed were aryl/alkyl-substituted halo olefins 247 as shown in Scheme 6. The reaction
proceeds through the addition of acetyl halides to the carbonyl, resulting in the formation of

[1-haloacetate, followed by elimination of acetic acid™.

X
0 0 1
g, . CFscOOH R)\(R + GH,cOOH | R=ArCHy
R ch X or CH3SO3H H R'= H, CH3, C2H5
X=Cl, Br
245 246 247 '

Scheme 6. Preparation of a-chlorostyrenes/a-chlorostilbenes 247

C. Chen et al. reported”’ the synthesis of [I-fluorostilbenes using Suzuki coupling
reaction. When 1-fluoro-2-phenylvinyl bromide (248) was coupled with arylboronic acid
249 in the presence of Pd(PPh;)s under Suzuki conditions, [1-fluorostilbenes 250 were

obtained in 81-94% yields as shown in Scheme 7.
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Br Pd(PPhs),/Na,CO Ar
—( + AB(OH), (PPhs)a/NaCOs —(
PH F CgHg-EtOAC-H,0, reflux, Ph F
1-24 h, 81-94 %
248 249 250

Scheme 7. Preparation of a-fluorostilbenes 250

Young et al. also reported® the synthesis of a-chlorostilbene 233 by reacting
substituted benzyl phenyl ketone 251 in presence of PCls in DCM at reflux temperature as

shown in Scheme §.

R? ]
PCls, DCM, R 1
O reflux, 5 h O R™=n-CqHo, n-C5H70,
O e = n-C4H90, n-C4Hg
2 - -
(@] R2 Cl O R2 R = OMe, n C3H7O
233

251

Scheme 8. Preparation of a-chlorostilbenes 233

Furthermore, Annamaria and coworkers reported® a very efficient method for the
synthesis of (Z)-1-aryl-1-haloalkenes 253 by reacting aryl ketones 252 with Vilsmeier-
Haack reagents (Vilsmeier reagents are halomethyliminium salts best known for their use in
the Vilsmeier-Haack formylation of activated aromatic rings) as shown in Scheme 9. One of
the drawbacks of this reaction is the presence of an electron-donating group at the ortho- or

para-position to the carbonyl group in the aromatic ring.

R! R2 R! R? R' = H, OMe, N(Me),
1eq. POXy-DMF R2=H, OMe, N(Me),
R3 o Z"R® |R3=H, alkyl
052 0] X X =Cl, Br
253

Scheme 9. Preparation of a-chlorostyrenes 253 by using Vilsmeier reagent

However, these methods frequently suffer from disadvantages including multi-step
reaction sequences, low yields and serious regiochemical ambiguity originating from the
activating, deactivating and directing effects of the substituents. In the present work, we

developed a short synthesis of substituted a-chlorostilbenes from commercially available
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substituted benzenes and phenyl acetic acids in presence of heterogeneous Si-Fe catalyst and

the results are presented in this section.

3.3.4 Present work

During previous research in our group'', involving Friedel-Crafts acylation of
aromatic substrates with acid chlorides in the presence of a heterogeneous Si-Fe catalyst, we
found that a-chlorostyrenes 254 were obtained as major product in addition to the normal

Friedel-Crafts acylation products 255 as shown in Scheme 10.

X AN
AN Cl CH,R' . 0 R + R—
R-L Si-Fe cat, 25 °C | I CH-R'
@ * T)( - ZNAOR Z 2
Cl O
242 247 254: Major 255: Minor

Scheme 10. Preparation of a-chlorostyrenes 254

Based on these results, we envisioned that if instead of alkyl acyl chlorides we react
aromatic acyl chlorides with aromatic substrates in presence of the same heterogeneous Si-
Fe catalyst, it could serve as a simple method for synthesizing a-chlorostilbenes 233. The a-
chlorostilbenes could then be converted into cis or trans-stilbenes as depicted in the
retrosynthetic strategy shown in Scheme 11. Dechlorination of properly substituted o-
chlorostilbenes 233 could lead to various important molecules like DMU-212 (226). The

results on the feasibility of the above strategy are presented in this section.

o R1 R1—: N
R N ) Si-Fe cat o NG N
5 | v (——— Dechlorination | /—R
R’ 233 R & 256
242 243
U Base Selective
/N — hydrogenation RL\ N
R — \ ~R! ¢ ' N
R
|
257 258 XX

Scheme 11. Retrosynthesis of compounds 233, 256, 257 and 258
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Preparation of Si-Fe catalyst

Heterogeneous Si-Fe catalyst was synthesized based on the procedure used for the
synthesis of hydrotalcites®*. Hydrotalcites are nothing but layered double hydroxides (LDH)
and comprise an unusual class of layered materials with positively charged layers and charge
balancing anions located in the interlayer region.

The Si—Fe catalyst was prepared from sodium trisilicate as a source of silica and
ferric nitrate as source of iron in the presence of ammonia and ammonium carbonate at room
temperature. The solid mass formed in the aqueous solution was stirred for 12 h, filtered,
dried at 120 °C for 12 h, calcined at 500 °C for 3 h, powdered and used for reactions. The
detailed procedure of preparation is described in experimental section. The acidity of this
iron silicate type catalyst was determined by the ammonia method®, and it was observed to
be 0.4 mmol/g. Surface area was measured using BET method” and was found to be 271
m®/g while the atomic weight ratio was calculated using EDAX (Energy Dispersive X-ray
analysis) and was observed to be as follows: C = 4.14 %, O = 64.6 %, Si = 18.11% and Fe =
13.15 %. During synthesis of Si-Fe catalyst, we assumed that the product of the reaction will
result into the formation of hydrotalcites, but we observed that nature of the catalyst
synthesized was amorphous and not crystalline. This indicated that the catalyst synthesized
falls in the category of a hydrotalcite-type anionic clays*®.

Preparation of a-chlorostilbenes

Initially, anisole (242a) was reacted with 2,4-dichlorophenylacetyl chloride
(generated in situ from 2,4-dichlorophenylacetic acid 259a and oxalyl chloride) in the
presence of the heterogenecous Si-Fe catalyst'' at room temperature wherein the a-
chlorostilbene 233a was obtained as a major product. The normal Friedel-Crafts acylation
product 251a and aryl stilbene 260a were obtained as side products in 24% and 10% yields
respectively (Scheme 12).

HO MeO
OMe
O
259a
Cl
(COCl),, Si-Fe

242a  cat,rt,0.5-1h 233a: 46% 251a: 24% OMe 260a:10%
Scheme 12. Synthesis of a-chlorostilbene 233a
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The TLC of the reaction mixture (Pet ether) indicated the presence of these
compounds when viewed in UV light wherein the Ry (retention factor) values of the a-
chlorostilbene 233a, aryl stilbene 260a and the Friedel-Crafts acylation product 251a were
0.65, 0.5 and 0.25 respectively. The reaction mixture was purified by column
chromatography on silica gel to get the pure products. Formation of compound 233a was
confirmed by 'H NMR, "*C NMR, IR and mass spectroscopy and the comparison of the
spectroscopic data with the literature values'>'®. All the compounds synthesized showed
satisfactory spectral data as described in the experimental section.

A number of a-chlorostilbenes 233 were prepared in 46-55% isolated yields, when
anisole (242a) or toluene (242b) was reacted with various arylacetic acid chlorides in the
presence of the heterogeneous Si-Fe catalyst at room temperature for 0.5 to 1 h,
demonstrating the generality of the method as shown in Table 1 (Entries 1 to 8). The normal
Friedel-Crafts acylation product 251 was obtained as a minor product. When anisole (242a)
was used as one of the reactants, the corresponding aryl stilbene 260a was obtained as a side
product which was not observed in case of toluene (242b) or thiophene (242c¢). The o-
chlorostilbenes 233 could be easily isolated from the reaction mixture as they were the first
compounds to elute during the column chromatography using pet ether as an eluent.

In case of reactions wherein thiophene (242¢) was used as one of the reactants
(Table 1, Entries 9 and 10), the a-chlorostilbenes 233i and 233j were obtained as minor
products. When furan (242d) was reacted with various phenylacetic acid chlorides
(generated in situ from phenylacetic acids 259 and oxalyl chloride) in the presence of the
heterogeneous Si-Fe catalyst at 0 °C to room temperature for 0.5 to 1 h, it resulted in the
polymerization of furan and thickening of the reaction mixture (Table 1, Entry 11).

Table 1. Synthesis of a-chlorostilbenes

Entry | Aromatic Arylacetic acid Product 233 Yield
substrate %
MeO
OMe cl O c
1 COOH ~ O 46
cl cl Cl
242a 2592 233a
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/©/\COOH
242a
2 cl I O 52
259b cl
233b
MeO
242a /©/\COOH O _ 54
259c¢ OMe
233¢
MeO
242 /@ACOOH O
a =
259d NO2
233d
MeO
242 gCOOH O
a =
5 6 ! O 53
259¢ OEt
233e
O COOH MeO O
6 ‘M
242a ‘l CI/ O 50
259f 233f
Me Me
7 ®
259b c:|/ O 54
Cl
242b 233¢
cl COOH Me
8 Cl
242b Cl = O 55
259g o] o
233h
a
(/ \§ S = 28
9 S 259C cl
242¢ OMe
233i
/ \ Cl
10 s 25
242¢ 259a Ci
cl
233j
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VA
o 259a Polymerization i

242d

This synthetic strategy was used to prepare DMU-212 (226), an anticancer agent, as
shown in Scheme 13. The reaction of 3,4,5-trimethoxyphenylacetic acid chloride, generated
in situ from 3,4,5-trimethoxyphenylacetic acid (259h) and oxalyl chloride, with anisole
(242a) in presence of the heterogeneous Si-Fe catalyst'' afforded the a-chlorostilbene 233k
in 48% yield along with the minor product 251b*° which was easily separated by column
chromatography. Dechlorination of the a-chlorostilbene 233k with tributyltin hydride in
presence of 2,2’-azobis(isobutyronitrile) afforded the desired DMU-212 (226) in 88% yield
as shown in Scheme 13, spectral data of which were in full agreement with the reported

values?’.

OMe OH O

MeO OMe
242a OMe Meo ~ OMe
259h 233k: 58% 251b: 18%
OMe
o
233k —> MeO Q
OMe
226: DMU-212
OMe
_ MeO XN
ili v
MeO — OMe
o e o = rom e LA
OMe
257a OMe
230 OMe

Scheme 13. Reagents and conditions: 1) (COCl),, Si-Fe cat, rt, 0.5-1 h ii) TBTH, AIBN,
toluene, reflux, 1 h, 88% iii) n-BulLi, THF, rt, 2 h, 90% iv) H,, Lindlar catalyst, EtOAc,
quinoline, rt, 2 h, 72%.
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The utility of the present methodology was further extended to the synthesis of cis-
stilbenes 230. The reaction of chlorostilbene 233k with n-butyllithium in THF at room
temperature afforded the corresponding diarylacetylene 257a** in 90% yield. This
conversion was also effected using potassium #-butoxide in #-butanol under reflux but the
reaction was not clean and 50% yield of 257a was obtained. Selective hydrogenation® of
257a using Lindlar catalyst in presence of quinoline in ethyl acetate gave the required cis-
stilbene 230%” in 72% yield as shown in Scheme 13.

In order to extend the utility of this method of preparation of a-chlorostilbenes for
the preparation of molecules with various other substituents e.g. combretastatin A-4 (229),
piceatannol (228) efc. and their analogues, various substituted anisoles were subjected to the
reaction with substituted phenylacetic acid chlorides (generated in situ from the
corresponding phenylacetic acids 259 and oxalyl chloride) in presence of the heterogeneous
Si-Fe catalyst and the results are shown in Scheme 14 and Table 2.

It was observed that in case of reaction of 2-methoxyphenyl propionate 262a (which
in turn synthesized by reacting guaiacol 261 with propionyl chloride in presence of pyridine
as base in DCM at room temperature) with 4-methoxyphenylacetic acid or 4-
chlorophenylacetic acid (Table 2, Entries 1 and 2) in presence of oxalyl chloride and the
heterogeneous Si-Fe catalyst, the propionate group was replaced with the corresponding
phenyl acetate group simultaneously with the formation of a-chlorostilbenes 263a-b. The
hydrolysis of the ester group of a-chlorostilbene 263a-b with methanolic sodium hydroxide

afforded the required a-chlorostilbene 264a-b with phenolic hydroxy group.

OMe OMe CH, OMe
OH 0 259 )
1 ii R | NN 0] mn
O [ Cl R
261 262a 263
OMe

264a: R' = 4-OMe | | 263a: R = 4-Metoxyphenyl, R" = 4-OMe

‘R = 1-
N OH 264b: R! = 4-C| 263b: R = 4—Ch|orop1henyl, R'=4-CI
264c: R1 = 4-N02 263c: R = Methyl, R'= 4—N02

264
Scheme 14. Reagents and conditions: i) CH;CH,COCI, pyridine, DCM, 0 C-rt, 2 h, 96% i1)
(COCl),, Si-Fe cat, rt, 0.5-1 h iii) 10% NaOH, MeOH, 62-64% .
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In case of 4-nitrophenylacetic acid 259d (Table 2, Entry 3), the propionate group
survived giving the corresponding o-chlorostilbene 263c¢ with propionate which on
hydrolysis afforded the required a-chlorostilbene 264¢ with phenolic hydroxy group. 3,4,5-
Trimethoxyphenylacetic acid 259h was subjected to reaction with 2-methoxyphenyl
propionate 262a in presence of oxalyl chloride and the heterogeneous Si-Fe catalyst in order
to get the combretastatin A-4 (229) and its analogues, but instead of getting the
corresponding oa-chlorostilbene 264, 2-methoxyphenyl 2-(3.4,5-trimethoxyphenyl)acetate
265 was obtained (Table 2, Entry 4).

The replacement of propionate group with O-TBDMS, O-Bn or O-allyl group (263b-
d) also resulted in the formation of the same product 265. There was no reaction when 3,4,5-
trimethoxyphenylacetic acid chloride was reacted with 2-methoxybenzaldehyde (267) or 2-
nitroanisole (268) (Table 2, Entry 6). The reaction of 2-iodoanisole (266) with 4-
nitrophenylacetic acid chloride afforded the corresponding a-chlorostilbene 264d in 73%
yield (Table 2, Entry 5). This study showed that though the efforts to prepare combretastatin
A-4 (229) were not successful, a number of a-chlorostilbenes with various substituents

could be prepared using the present short synthetic strategy.

Table 2. Synthesis of a-chlorostilbenes using substituted anisoles

Entry | Substituted anisole Acid Product Yield
%
OMe OMe
0.0 9
1 f 259¢ O N OH 622
Me MeO cl
262a 264a
l OMe
2 262a 259b O N OH 642
Cl
Cl
264b
OMe
3 262a 259d O Y I OH |63
O,N
264c
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OMe

OR OMe
o) OMe
259h @( 71/\@[ 86
4 o)

263a: R = OMe
COCH,CH; 265 OMe
263b: R = TBDMS
263c: R =Bn

263d: R = allyl

OMe OMe
| g
5 C( 259¢ O = I
ON o]

73
266 264d
OMe
R
6 25%9h No Reaction )
267: R=CHO
268: R =NO,

*Yield over two step

Structure confirmation

All the compounds synthesized in reaction sequences in this section were fully
characterized by 'H NMR, C NMR, IR and mass spectroscopic methods and showed
satisfactory spectral data described in experimental section. So as to confirm the structure of
one of the compounds from the series of 233a-j, compound 233h was recrystallised from hot
ethanol. Using X-ray crystallography the structure of 233h was confirmed as shown in the
ORTEP diagram in Figure 2.

ClI3

Figure 2. ORTEP diagram of compound 233h

264




Chapter 3: Section 111

Table 3. Crystal data structure refinement for 233h

Identification code 233h
Empirical formula CisH;:Cls
Formula weight 297.59
Temperature 2972) K
Wavelength 0.71073A

Crystal system, space group

MONOCLINIC, C2/c

Unit cell dimensions

a=18.306(8) A, o = 90°.

b=6.481(3) A, B =90.537(12)".

c=23.568(9) A, v=90°.

Volume

2795.9(19) A’

Z, Calculated density

8, 1.414 Mg/m’

Absorption coefficient 0.633 mm’
F(000) 1216
Crystal size 0.40x 0.19x 0.12 mm

Theta range for data collection

2.83 to 25.99°.

Limiting indices

-21<=h<=22, -7<=k<=7, -29<=I<=15

Reflections collected / unique

7299 /2703 [R(int) = 0.0230]

Completeness to theta = 26.00

98.9 %

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.9256 and 0.7840

Refinement method

Full-matrix least-squares on F~

Data / restraints / parameters

2703/0/ 164

Goodness-of-fit on F*

1.042

Final R indices [[>2sigma(])]

R1=0.0477, wR2 =0.1135

R indices (all data)

R1=0.0610, wR2 =0.1240

Largest diff. peak and hole

0.432 and -0.290 eA™
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Table 4. Bond lengths [A] and angles [°] for 233h

CI(1)-C(1) 1.726(3)
Cl1(2)-C(2) 1.728(3)
CI(3)-C(8) 1.739(2)
C(1)-C(2) 1.380(4)
C(1)-C(6) 1.379(4)
C(2)-C(3) 1.373(3)
C(3)-C(4) 1.391(4)
C(4)-C(5) 1.394(4)
C(4)-C(7) 1.462(4)
C(5)-C(6) 1.365(4)
C(7)-C(8) 1.328(4)
C(8)-C(9) 1.464(3)
C(9)-C(10) 1.380(4)
C(9)-C(14) 1.392(3)
C(10)-C(11) 1.381(4)
C(11)-C(12) 1.368(4)
C(12)-C(13) 1.380(4)
C(12)-C(15) 1.507(4)
C(13)-C(14) 1.374(4)
C(2)-C(1)-C(6) 119.6(3)
C(2)-C(1)-CI(1) 121.1(3)
C(6)-C(1)-CI(1) 119.3(2)
C(3)-C(2)-C(1) 120.4(3)
C(3)-C(2)-Cl(2) 119.1(2)
C(1)-C(2)-C1(2) 120.5(2)
C(2)-C(3)-C(4) 120.9(2)
C(3)-C(4)-C(5) 117.5(3)
C(3)-C(4)-C(7) 125.2(2)
C(5)-C(4)-C(7) 117.4(2)
C(6)-C(5)-C(4) 121.7(3)
C(5)-C(6)-C(1) 119.9(3)
C(8)-C(7)-C(4) 133.9(2)
C(7)-C(8)-C(9) 124.9(2)
C(7)-C(8)-CI(3) 120.6(2)
C(9)-C(8)-C1(3) 114.46(18)
C(10)-C(9)-C(14) 117.3(3)
C(10)-C(9)-C(8) 122.0(2)
C(14)-C(9)-C(8) 120.6(2)
C(9)-C(10)-C(11) 120.9(3)
C(12)-C(11)-C(10) 122.2(3)
C(11)-C(12)-C(13) 116.7(3)
C(11)-C(12)-C(15) 122.2(3)
C(13)-C(12)-C(15) 121.0(3)
C(14)-C(13)-C(12) 122.2(3)
C(13)-C(14)-C(9) 120.6(3)
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Symmetry transformations used to generate equivalent atoms:

Table 5. Torsion angles [°] for 233h

C(6)-C(1)-C(2)-C(3)
CI(1)-C(1)-C(2)-C(3)
C(6)-C(1)-C(2)-C1(2)
CI(1)-C(1)-C(2)-C1(2)
C(1)-C(2)-C(3)-C(4)
Cl(2)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(7)
C(3)-C(4)-C(5)-C(6)
C(7)-C(4)-C(5)-C(6)
C(4-C(5)-C(6)-C(1)
C(2)-C(1)-C(6)-C(5)
CI(1)-C(1)-C(6)-C(5)
C(3)-C(4)-C(7)-C(8)
C(5)-C(4)-C(7)-C(8)
C(4)-C(7)-C(8)-C(9)
C(4)-C(7)-C(8)-CI(3)
C(7)-C(8)-C(9)-C(10)
CI(3)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(14)
CI(3)-C(8)-C(9)-C(14)
C(14)-C(9)-C(10)-C(11)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(10)-C(11)-C(12)-C(15)
C(11)-C(12)-C(13)-C(14)
C(15)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(9)
C(10)-C(9)-C(14)-C(13)
C(8)-C(9)-C(14)-C(13)

0.5(4)
179.77(19)

-179.7(2)

-0.5(3)
0.1(4)

-179.69(19)

-0.9(4)

-179.1(2)

1.1(4)
179.5(3)
-0.5(4)
-0.3(4)
-179.5(2)
21.5(5)
160.3(3)
179.9(2)
2.2(4)
147.4(3)
-30.6(3)
-30.9(4)
151.1(2)
1.5(4)
-176.8(2)
0.7(4)
-0.3(4)
-179.5(3)
0.4(4)
179.6(3)
0.4(5)
“1.4(4)
177.0(2)

Symmetry transformations used to generate equivalent atoms:

3.3.5 Conclusion

a-Chlorostilbenes were prepared by a one-step method from various aromatic

substrates and acid chlorides using a heterogeneous, Si—Fe catalyst at room temperature. The
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a-chlorostilbenes were then converted into cis or frans-stilbenes. The utility of the present
methodology has been demonstrated by successful synthesis of DMU-212 (226), its cis-

isomer and attempted synthesis of combretastatin A-4 (229).
3.3.6 Experimental Section

Preparation of (Z)- 2,4-dichloro-1-(2-chloro-2-(4-methoxyphenyl)vinyl)benzene (233a)
To 2,4-dichlorophenylacetic acid 259a (2.05 g, 10 mmol) taken in a two-neck RB flask
equipped with a calcium chloride guard tube, oxalyl chloride (1.73 mL, 20 mmol) was added
at room temperature and the reaction mixture was stirred for 5 min. Then anisole 242a (1.08
mL, 10 mmol) was added followed by activated (150 °C, 2 h) Si-Fe catalyst (10% by weight,
100 mg). The reaction mixture was allowed to stir at room temperature for 2 h. It was then
filtered to remove the catalyst and washed with dichloromethane (50 mL). The filtrate and
washings were combined, washed with water followed by saturated NaHCOj5 solution, dried
over Na;SOy, concentrated and purified by column chromatography to give (£)-2,4-dichloro-
1-(2-chloro-2-(4-methoxyphenyl)vinyl)benzene 233a as a compound to elute the first (1.43
g, 46%).
Nature: White solid; MP: 73 0C; Yield: 46 %; "H NMR (200 MHz, CDCls): 6 3.83 (s,
MeO . 3H), 6.91 (d, J =9 Hz, 2H), 7.05 (s, 1H), 7.26 (dd, J =2, 9 Hz, 1H),
7.42 (d,J=2 Hz, 1H), 7.64 (d, /=9 Hz, 2H), 7.83 (d, J = 9 Hz, 1H);
“ O cf 3C NMR (50 MHz, CDCls): & 55.3, 113.7 (2C), 120.0, 126.6, 128.2
(20), 129.1, 130.7, 131.4, 132.4, 133.7, 134.6, 134.8, 160.4; IR (Chloroform): 1184, 1618
cm'l; MS (ESI) m/z: 314.03 (M + 1). Anal. Calced. for C;sH;;C150: C, 57.45; H, 3.54 %.
Found: C, 57.56; H, 3.41 %.

The compound to elute after 233a was found to be 4,4'-(2-(2,4-dichlorophenyl)ethene-1,1-
diyl)bis(methoxybenzene) 260a.

4,4'-(2-(2,4-Dichlorophenyl)ethene-1,1-diyl)bis(methoxybenzene) (260a)
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Nature: White solid; MP: 88 °C; Yield: 10 %; "H NMR (200 MHz, CDCl3): & 3.80 (s, 3H),
3.82 (s, 3H), 6.74-6.88 (m, 7H), 7.04 (d, J = 8 Hz, 2H), 7.28 (d, J =
8 Hz, 2H), 7.35 (d, J = 2 Hz, 1H); *C NMR (50 MHz, CDCL): &
55.1,55.3, 113.5 (2C), 113.7 (2C), 121.5, 126.3, 128.9, 129.3 (2C),
131.7 (4C), 132.1, 134.9, 135.1, 135.5, 144.4, 159.0, 159.6; IR
(Chloroform): 1151, 1606 cm™; MS (ESI) m/z: 386.03 (M + 1).
Anal. Calcd. for C,H;sCl,0;: C, 68.58; H, 4.71 %. Found: C, 68.67; H, 4.63 %.

The compound to elute at last was found to be 2-(2,4-dichlorophenyl)-1-(4-
methoxyphenyl)ethanone 251a.

2-(2,4-Dichlorophenyl)-1-(4-methoxyphenyl)ethanone (251a)
Nature: White solid; MP: 94 °C; Yield: 24%; "H NMR (200 MHz, CDCl; + CCLy): & 3.83
MeO . (s, 3H), 4.31 (s, 2H), 6.86-6.95 (m, 2H), 7.04-7.13 (m, 2H), 7.29 (s,
l 1H), 7.39 (dd, J = 2, 8 Hz, 1H), 7.67 (d, J = 8 Hz, 1H); *C NMR
° O cJ (50 MHz, CDCI; + CCly): 6 44.6, 55.3, 113.8 (2C), 127.0, 127.6,
129.4, 129.6, 129.7, 130.9 (2C), 134.4, 136.8, 163.6, 194.8; IR (Chloroform): 1163, 1676

cm'l; MS (ESI) m/z: 296.09 (M + 1). Anal. Calcd. for C;sH;,Cl,0;: C, 61.04; H, 4.10 %.
Found: C, 61.17; H, 4.00 %.

The following compounds 233b-j were prepared by using the procedure given for the

preparation of compound 233a.

(2)-1-Chloro-4-(2-chloro-2-(4-methoxyphenyl)vinyl)benzene (233b)
Nature: White solid; MP: 97 °C; Yield: 52 %; "H NMR (200 MHz, CDCl; + CCly): & 3.83
o (s, 3H), 6.87-6.91 (m, 3H), 7.33 (d, J = 8 Hz, 2H) 7.58-7.66 (m, 4H);
O _ BC NMR (50 MHz, CDCl; + CCly): & 55.2, 113.7 (2C), 123.0,
c cj 128.0 (2C), 128.4 (2C), 130.6 (2C), 131.4, 132.6, 133.3, 133.9,
160.2; IR (Chloroform): 1182, 1612 cm™; MS (ESI) m/z: 302.02 (M + Na). Anal. Calcd.
for C,sH,,CL,0: C, 64.54; H, 4.33 %. Found: C, 64.46; H, 4.48 %.

(2)-4,4'-(1-Chloroethene-1,2-diyl)bis(methoxybenzene) (233¢):
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Nature: White solid; MP: 110 °C; Yield: 54 %; '"H NMR (200 MHz, CDCl;): & 3.81 (s,

MeO 6H), 6.87-6.93 (m, 5H), 7.60 (d, J = 8 Hz, 2H) 7.69 (d, J = 8 Hz,

l 2H); *C NMR (50 MHz, CDCls): & 55.1, 55.2, 113.6 (4C), 123.9,

c ove} 127.8 (2C), 128.0, 129.7, 130.7 (2C), 131.9, 158.9, 159.7; IR

(Nujol): 1180, 1298, 1604 cm; MS (ESI) m/z: 297.02 (M + Na). Anal. Caled. for
Ci6H;5ClO,: C, 69.95; H, 5.50 %. Found: C, 69.85; H, 5.59 %.

(2)-1-(2-Chloro-2-(4-methoxyphenyl)vinyl)-4-nitrobenzene (233d)
Nature: Yellow solid; MP: 95 °C; Yield: 55 %; "H NMR (200 MHz, CDCl;): & 3.84 (s,
oo 3H), 6.86 (d, J = 8 Hz, 2H), 6.99 (s, 1H), 7.63 (d, J = 8 Hz, 2H),
I 7.83 (d, J= 8 Hz, 2H), 8.20 (d, J = 8 Hz, 2H); *C NMR (50 MHz,
No:J  CDCls): & 55.4, 113.8 (2C), 122.1, 123.5 (2C), 128.2 (2C), 129.9
(20), 130.8, 135.9, 142.0, 146.4, 160.7; IR (Chloroform): 1033, 1612 cm™; MS (ESI) m/z:
312.08 (M + Na). Anal. Calcd. for C;sH,,CINO;: C, 62.19; H, 4.17; N, 4.83 %. Found: C,

62.07; H, 4.30; N, 4.97 %.

(2)-1-(1-Chloro-2-(4-ethoxyphenyl)vinyl)-4-methoxybenzene (233e)
Nature: White solid; MP: 88 °C; Yield: 53 %; "H NMR (200 MHz, CDCl3): § 1.47 (t, J =8
o0 Hz, 3H), 3.86 (s, 3H), 4.08 (q, J = 8 Hz, 2H), 6.92-6.97 (m,
l 5H), 7.65 (d, J= 8 Hz, 2H), 7.74 (d, J = 8 Hz, 2H); *C NMR
ock.Chs | (50 MHz, CDCls): & 14.7, 55.2, 63.3, 113.6 (2C), 114.1 (2C),
123.9, 127.7 (2C), 127.8, 129.6, 130.7 (2C), 132.0, 158.4, 159.7; IR (Chloroform): 1116,
1609 cm'l; MS (ESI) m/z: 289.03 (M + 1). Anal. Caled. for C;;7H,,CIO;: C, 70.71; H, 5.93

%. Found: C, 70.87; H, 5.78 %.

(2)-1-(2-Chloro-2-(4-methoxyphenyl)vinyl)naphthalene (233f)
Nature: White solid; MP: 86 °C; Yield: 50 %; '"H NMR (200 MHz, CDCl3): & 3.90 (s, 3H),
Moo 7.01 (d, J = 8 Hz, 2H), 7.53-7.62 (m, 4H), 7.80 (d, J = 8 Hz, 2H),
O g O 7.87-8.08 (m, 4H); *C NMR (50 MHz, CDCly): & 55.3, 113.7
(20), 122.3, 124.4, 125.2, 125.8, 126.1, 127.1, 128.1 (2C), 128.5,

270



Chapter 3: Section 111

129.3, 131.0, 131.6, 132.8, 133.4, 134.5, 160.1; IR (Chloroform): 1084, 1616 cm’'; MS
(ESI) m/z: 295.11 (M + 1). Anal. Caled. for CoH;sClO: C, 77.42; H, 5.13 %. Found: C,
77.28; H, 5.26 %.

(Z)-1-Chloro-4-(2-chloro-2-p-tolylvinyl)benzene (233g)
Nature: White solid; MP: 97 °C; Yield: 54 %; '"H NMR (200 MHz, CDCl; + CCly): & 2.46
e (s, 3H), 7.03 (s, 1H), 7.27 (d, J = 8 Hz, 2H), 7.42 (d, J = 8 Hz,
I 2H), 7.65 (d, J = 8 Hz, 2H), 7.73 (d, J = 8 Hz, 2H); *C NMR (50
° ¢ ] MHz, CDCly): & 21.1, 123.9, 126.5 (2C), 128.4 (2C), 129.1 (2C),
130.6 (2C), 132.8, 133.4, 133.8, 136.1, 139.0; IR (Chloroform): 1610 cm™; MS (ESI) m/z:
264.03 (M + 1). Anal. Caled. for CisH,Cly: C, 68.46; H, 4.60 %. Found: C, 68.51; H, 4.48

%.

(2)-1,2-Dichloro-4-(2-chloro-2-p-tolylvinyl)benzene (233h)
Nature: White solid; MP: 115 OC; Yield: 54 %; "H NMR (200 MHz, CDCl;5 + CCly): o
Me 2.48 (s, 3H), 6.95 (s, 1H), 7.26 (d, J = 8 Hz, 2H), 7.49 (d, J = 8 Hz,
C'l 1H), 7.58- 7.65 (m, 3H), 7.90 (d, J = 2 Hz, 1H); *C NMR ((50
CI ¢ ] MHz, CDCl; + CCly): 8 21.2, 122.6, 126.5 (2C), 128.5, 129.1 (20),
130.0, 131.0, 131.5, 132.4, 134.2, 135.2, 135.7, 139.2; IR (Chloroform): 1604 cm™; MS

(ESI) m/z: 298.02 (M + 1). Anal. Calced. for CisH,,Cl;3: C, 60.54; H, 3.73 %. Found: C,
60.42; H, 3.49 %.

(2)-2-(1-Chloro-2-(4-methoxyphenyl)vinyl)thiophene (233i)

Nature: Brown sticky solid; Yield: 28 %; "H NMR (200 MHz, CDCls): & 3.82 (s, 3H), 6.91
l (d, J= 8 Hz, 2H), 6.98-7.07 (m, 2H), 7.23 (dd, J = 2, 5 Hz, 1H), 7.34

OMe

/\

s

Cl

(dd, J = 2, 5 Hz, 1H), 7.70 (d, J = 8 Hz, 2H); *C NMR (50 MHz,
CDClL): § 55.2, 113.7 (2C), 123.7, 125.4, 125.5, 127.3, 127.4, 130.0,
130.9 (2C), 143.3, 159.3; IR (Chloroform): 1051, 1606 cm™; MS (ESI) m/z: 251.06 (M +

1.

(2)-2-(1-Chloro-2-(2,4-dichlorophenyl)vinyl)thiophene (233j)
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Nature: Pale yellow solid; MP: 74 °C; Yield: 25 %; "H NMR (200 MHz, CDCls): & 7.04-

cl 7.09 (m, 1H), 7.23 (s, 1H), 7.27-7.36 (m, 2H), 7.43-7.46 (m, 2H), 7.87

/S\ C{ N (d, J = 8 Hz, 1H); *C NMR (50 MHz, CDCls): & 119.6, 126.7 (2C),

126.9, 127.6, 128.2, 129.2, 131.3, 131.6, 134.0, 134.7, 142.1; IR

(Chloroform): 1610 cm™; MS (ESI) m/z: 290.07 (M + 1). Anal. Caled. for C,;H,CL;S: C,
49.77; H, 2.44 %. Found: C, 49.81; H, 2.33 %.

(2)-5-(2-Chloro-2-(4-methoxyphenyl)vinyl)-1,2,3-trimethoxybenzene (233Kk)

Nature: White solid; MP: 93.5 °C; Yield: 58 %; "H NMR (500 MHz, CDCl3): & 3.86 (s,
veo 3H), 3.90 (s, 3H), 3.91 (s, 6H), 6.91 (s, 1H), 6.93 (d, J = 8 Hz,
O - O ove | 2H), 7.02 (s, 2H), 7.63 (d, J = 8 Hz, 2H); *C NMR (50 MHz,
cl OMe
OMe

CDClIs): 6 55.3, 56.0 (2C), 60.8, 106.6 (2C), 113.6 (2C), 124.2,

127.9 (2C), 129.3, 130.8, 131.1, 131.7, 137.7, 152.8, 159.9; IR
(Chloroform): 1033, 1611 cm™; MS (ESI) m/z: 357.03 (M + Na). Anal. Calcd. for
Ci3H19ClOy4: C, 64.57; H, 5.72 %. Found: C, 64.64; H, 5.60 %.

(Z)-5-(1-Chloro-2-(4-methoxyphenyl)vinyl)-2-methoxyphenyl 2-(4-
methoxyphenyl)acetate (263a)

Nature: White solid; MP: 122 °C; Yield: 68 %; "H NMR (200 MHz, CDCl3): 6 3.73 (s,
MeO 3H), 3.74 (s, 3H), 3.76 (s, 3H), 3.80 (s, 2H), 6.82-6.90

MeO o
O\)LO (m, 6H), 7.28 (d, J=9 Hz, 2H), 7.32 (s, 1H), 7.46 (dd, J
. ove| =2, 9 Hz, 1H), 7.64 (d, J = 9 Hz, 2H); *C NMR (50

MHz, CDCL3): § 39.8, 55.1 (2C), 55.8, 111.8, 113.5 (2C), 113.8 (2C), 120.9, 124.5, 124.9,
125.4, 127.7, 128.5, 130.3 (2C), 130.7 (2C), 132.1, 139.4, 151.1, 158.6, 159.0, 169.7; IR
(Chloroform): 1018, 1627, 1768 cm™'; MS (ESI) m/z: 439.21 (M + 1).

(2)-5-(1-Chloro-2-(4-chlorophenyl)vinyl)-2-methoxyphenyl 2-(4- chlorophenyl)acetate
(263b)

Nature: White solid; MP: 107 °C; Yield: 70 %; "H NMR (200 MHz, CDCls): & 1.28 (t, J =
MeO 8 Hz, 3H), 2.60 (q, /= 8 Hz, 2H), 3.81 (s, 3H), 6.15 (d, /= 8 Hz,

(@]
\)Lo 2H), 6.92 (s, 1H), 7.55 (dd, J =2, 9 Hz, 1H) 7.84 (d, J = 8 Hz,
“ c| 2H), 8.22 (d, J = 8 Hz, 2H); *C NMR (50 MHz, CDCl3): & 8.7,
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274, 56.2, 112.1, 121.3, 122.5, 123.8 (2C), 124.9, 130.3 (2C), 131.2, 134.8, 139.2, 142.1,
146.1, 152.2, 172.3; IR (Chloroform): 1124, 1613, 1765 cm™'; MS (ESI) m/z: 352.08 (M +

1.

(Z2)-5-(1-Chloro-2-(4-nitrophenyl)vinyl)-2-methoxyphenyl propionate (263c)
Nature: Yellow sticky solid; Yield: 71 %; "H NMR (200 MHz, CDCls): 6 1.30 (t,J = 8 Hz,
Meo O 3H), 2.65 (q, J =8 Hz, 2H), 3.88 (s, 3H), 6.10 (d, /=9 Hz, 1H),
o 7 O 7.03 (s, 1H), 7.42 (d, J =2 Hz, 1H), 7.58 (dd, J =2, 9 Hz, 1H),
° no.| 785 (d, J = 9 Hz, 2H), 8.23 (d, J = 9 Hz, 2H); *C NMR (50
MHz, CDCls): 6 9.0, 27.2, 56.0, 111.9, 121.4, 122.7, 123.5 (2C), 125.3, 129.9 (2C), 130.9,
134.8, 139.5, 141.7, 146.5, 152.2, 172.4; IR (Chloroform): 1164, 1633, 1760 cm™; MS
(ESI) m/z: 362.07 (M + 1).

The following compounds 264a-c were obtained by the hydrolysis of compounds 263a-c
using 10% NaOH in methanol.

(Z2)-5-(1-Chloro-2-(4-methoxyphenyl)vinyl)-2-methoxyphenol (264a)
Nature: Brown sticky solid; Yield: 52 %; '"H NMR (200 MHz, CDCls): & 3.80 (s, 3H), 3.85
MeO (s, 3H), 5.69 (bs, 1H), 6.84-6.96 (m, 3H), 7.19-7.29 (m, 3H), 7.71
O Z oH | (d, J = 8 Hz, 2H); *C NMR (50 MHz, CDCls): & 55.2, 56.0,
. ) 110.1, 112.8, 119.3, 123.5, 127.9 (2C), 129.8, 130.7 (2C), 132.6,
133.8, 137.8, 145.4, 147.8; IR (Chloroform): 1031, 1612, 3516 cm™; MS (ESI) m/z: 291.21
M +1).

(£)-5-(1-Chloro-2-(4-chlorophenyl)vinyl)-2-methoxyphenol (264b)
Nature: Off-white solid; MP: 54 °C; Yield: 54 %; "H NMR (200 MHz, CDCls): & 3.85 (s,
cl 3H), 5.63 (bs, 1H), 6.77 (d, J = 8 Hz, 1H), 6.84 (s, 1H), 7.14 (dd, J
OH =2, 8 Hz, 1H), 7.21 (d, J=2 Hz, 1H), 7.27 (d, J = 8 Hz, 2H) 7.57
° ove] (4, J = 8 Hz, 2H); ®C NMR (50 MHz, CDCl3): & 55.9, 110.1,
112.8, 118.8, 123.4, 128.3 (2C), 128.8, 130.6 (2C), 132.2, 133.2, 133.8, 145.2, 147.1; IR
(Chloroform): 1091, 1618, 3537 cm™; MS (ESI) m/z: 295.97 (M + 1). Anal. Calcd. for

CisH2Cl,0,: C, 61.04; H, 4.10 %. Found: C, 61.19; H, 4.27 %.
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(Z)-5-(1-Chloro-2-(4-nitrophenyl)vinyl)-2-methoxyphenol (264c)
Nature: Pale yellow solid; MP: 73 °C: Yield: 53 %; '"H NMR (200 MHz, CDCl3): 6 3.93
ON (s, 3H), 5.67 (bs, 1H), 6.86 (d, J = 8 Hz, 1H), 7.00 (s, 1H), 7.23
OH (dd, J =2, 6 Hz, 1H), 7.26 (d, J = 2 Hz, 1H), 7.84 (d, J = 8 Hz,
¢ ove] 2H), 8.22 (d, J = 8 Hz, 2H); *C NMR (50 MHz, CDCls): § 56.0,
110.2, 113.0, 119.2, 122.4, 123.5 (2C), 129.3, 129.9 (2C), 131.7, 135.7, 141.9, 145.4, 147.7,

IR (Chloroform): 1030, 1606, 3531 cm™; MS (ESI) m/z: 306.05 (M + 1). Anal. Calcd. for
CisH12CINOy: C, 58.93; H, 3.96 %. Found: C, 58.81; H, 4.09 %.

(2)-4-(1-Chloro-2-(4-nitrophenyl)vinyl)-2-iodo-1-methoxybenzene (264d)
Nature: Yellow solid; MP: 90 0C; Yield: 63 %; '"H NMR (200 MHz, CDCl3): & 3.95 (s,
N 3H), 6.86 (d, J = 8 Hz, 1H), 7.02 (s, 1H), 7.69 (dd, J = 2, 8 Hz,
I I 1H), 7.87 (d, J = 8 Hz, 2H), 8.14 (d, /=2 Hz, 1H), 8.26 (d, J =8
“ O ove] Hz, 2H); *C NMR (50 MHz, CDCl3): § 55.5, 85.9, 110.2, 122.9,
123.5 (2C), 123.6, 128.3, 129.3, 129.9 (2C), 137.6, 139.8, 146.5, 159.0; IR (Chloroform):
1049, 1618 cm™; MSS (ESI) m/z: 438.20 (M + Na).

2-Methoxyphenyl 2-(3,4,5-trimethoxyphenyl)acetate (265)
Nature: Brown sticky solid; Yield: 66 %; "H NMR (200 MHz, CDCls): 6 3.77 (s, 3H), 3.83
OMe (s, 2H), 3.85 (s, 3H), 3.87 (s, 6H), 6.64 (s, 2H), 6.88-7.05 (m, 3H),
C( OWOK\QEOMEI 7.15-7.24 (m, 1H); *C NMR (50 MHz, CDCly): & 40.8, 55.5, 55.8

OMe
OMe (30), 60.6, 106.2 (2C), 112.2, 120.5, 122.4, 126.7, 136.8, 139.5,
150.8, 152.9 (2C), 169.3; IR (Chloroform): 1144, 1628, 1761 cm™; MS (ESI) m/z: 333.07
M +1).

1-(4-Methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)ethanone (251b)
Nature: White solid; MP: 83 °C; Yield: 22 %: '"H NMR (400 MHz, CDCls): 6 3.83 (s, 3H),
VO 3.84 (s, 6H), 3.88 (s, 3H), 4.18 (s, 2H), 6.49 (s, 2H), 6.95 (d, /=9
O ove| Hz, 2H), 8.01 (d, J =9 Hz, 2H); *C NMR (50 MHz, CDCls): &
© O omell 45.4,55.4,56.0 (2C), 60.7, 106.2 (2C), 113.7 (2C), 129.4, 130.4,
130.8 (2C), 132.2, 136.6, 153.2, 163.5, 196.1; IR (Chloroform):
1128, 1605, 1678 cm™'; MS (ESI) m/z: 317.07 (M + 1).

OMe
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Preparation of 1,2,3-trimethoxy-5-((4-methoxyphenyl)ethynyl)benzene (257a)
To a stirred solution of (Z)-5-(2-chloro-2-(4-methoxyphenyl)vinyl)-1,2,3-trimethoxybenzene
233k (500 mg , 1.49 mmol) in dry THF (20 mL), was added n-BuLi (2.35 m, 0.89 mL, 2.09
mmol) drop wise at room temperature under nitrogen atmosphere. The reaction mixture was
allowed to stir at same temperature for two hours, quenched with saturated solution of
ammonium chloride (5 mL), the THF was evaporated in vacuo and the mixture was
extracted with ethyl acetate. The organic layer was dried over Na,SO4 and concentrated to
get the pure compound 1,2,3-trimethoxy-5-((4-methoxyphenyl)ethynyl)benzene 257a as
white sticky solid (404 mg, 90%).
Nature: White sticky solid; Yield: 90 %; '"H NMR (200 MHz, CDCls): & 3.83 (s, 3H), 3.87
OMe (s, 3H), 3.88 (s, 6H), 6.76 (s, 2H), 6.88 (d, J =9 Hz, 2H), 7.47
MeOOMe (d, J = 9 Hz, 2H); ®C NMR (100 MHz, CDCl3): & 55.2, 56.1
oMe J (2C), 60.9, 80.0, 88.4, 108.5 (2C), 113.9 (2C), 115.1, 118.5,
132.9 (2C), 138.5, 153.0 (2C), 159.5; IR (Chloroform): 1107, 1604, 2247 cm™'; MS (ESI)
m/z: 299.03 (M + 1).

Preparation of (E)-1,2,3-trimethoxy-5-(4-methoxystyryl)benzene (DMU-212) (226)

A mixture of (Z)-5-(2-chloro-2-(4-methoxyphenyl)vinyl)-1,2,3-trimethoxybenzene 233k
(334 mg, 1 mmol), 2,2’-azobis (3-methylpropionitrile) (AIBN, 20 mg) and tri-n-butyltin
hydride (436 mg, 1.5 mmol) in dry toluene was refluxed for one hour under nitrogen
atmosphere. After cooling, the toluene was evaporated in vacuo and extracted with ethyl
acetate (3 x 10 mL). The combined organic extracts were dried over Na,SO4, concentrated
and then the residual syrup was washed with pet ether to remove the excess of tri-n-butyltin
hydride. The traces of pet ether were removed under vacuum to get the pure (£)-1,2,3-
trimethoxy-5-(4-methoxystyryl)benzene (DMU-212) 226 as white solid (293 mg, 88%).

Nature: White solid; MP: 158 °C; Yield: 88 %; "H NMR (400 MHz, CDCl;): & 3.84 (s,

- 3H), 3.87 (s, 3H), 3.93 (s, 6H), 6.73 (s, 2H), 6.91 (d, J = 16 Hz,
O Z OMe
O OMe
OMe

1H), 6.93 (d, J =9 Hz, 2H), 6.98 (d, J= 16 Hz, 1H), 7.46 (d, J=9
Hz, 2H); “C NMR (100 MHz, CDCl): § 55.3, 56.0 (2C), 60.9,
103.2 (2C), 114.1 (2C), 126.5, 127.6 (2C), 127.7, 129.9, 133.4,
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137.5, 153.3 (2C), 159.2; IR (Chloroform): 1035, 1606 cm™; MS (ESI) m/z: 301.23 (M +
1). Anal. Caled. for C,3H,004: C, 71.98; H, 6.71 %. Found: C, 71.87; H, 6.83 %.

Preparation of (2)-1,2,3-trimethoxy-5-(4-methoxystyryl)benzene (230)
To a solution of 1,2,3-trimethoxy-5-((4-methoxyphenyl)ethynyl)benzene 257a (100 mg,
0.335 mmol) in dry ethyl acetate (10 mL), was added quinoline (116 mg, 0.90 mmol) and
Lindlar catalyst (10% by weight, 10 mg). The solution was stirred at room temperature
under a hydrogen atmosphere for two hours and filtered through celite. It was then
concentrated and purified by column chromatography to give (Z2)-1,2,3-trimethoxy-5-(4-
methoxystyryl)benzene 230 as colourless thick liquid (72 mg, 72%).
Nature: Colourless thick liquid; Yield: 72 %; "H NMR (200 MHz, CDCl3): & 3.69 (s, 6H),
N 3.79 (s, 3H), 3.84 (s, 3H), 6.41 (d, J = 12 Hz, 1H), 6.51 (s, 2H), 6.52
(d, J= 12 Hz, 1H), 6.79 (d, J = 9 Hz, 2H), 7.24 (d, J = 9 Hz, 2H); C
M Tl NMR (125 MHz, CDCl3): § 55.2, 55.8 (2C), 60.8, 105.8 (2C), 113.5
(20), 128.6, 129.4, 129.6, 130.2 (2C), 132.8, 136.9, 152.8 (2C), 158.6; IR (Chloroform):
1033, 1611 cm™; MS (ESI) m/z: 301.08 (M + 1).

MeO
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3.3.7 Selected spectra

233a: "H NMR (200 MHz, CDCls)
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H NMR (200 MHz, CDCl; + CCly)
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"H NMR (200 MHz, CDCl; + CCly)
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"H NMR (200 MHz, CDCl5)
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"H NMR (400 MHz, CDCl5)
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