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1. INTRODUCTION



1.1 CHIKUNGUNYA VIRUS
1.1.1 VIROLOGY

Chikungunya virus (CHIKV) is an arthritogenic Alphavirus and a member of the
Togaviridae family, typically maintained in natural cycles involving transmission by an
arthropod vector. CHIKV and other Alphaviruses, Ross River virus, Barmah Forest virus,
Mayaro virus, O'nyong-nyong virus, Semliki Forest virus and Sindbis virus, are maintained
under diverse ecological conditions and can have a widespread distribution and cause similar
disease symptoms (Powers et al., 2001).

CHIKYV is an enveloped virus that is approximately 70 nm in diameter in neutral pH
and contains a 11.8 kb single-stranded, positive-sense RNA genome. The genome consists of
a 5' methylated terminal cap untranslated region (UTR), followed by RNA coding for 4 non-
structural proteins (nsP 1-4) and 5 structural proteins (C-E3-E2-6K-E1), and a 3' terminal
poly-A tail (Strauss and Strauss, 1994). The non-structural proteins and structural proteins,
governed by 2 separate open-reading frames (ORFs), contribute to the propagation of new
virions (www.ncbi.nlm.nih.gov; Lum and Ng, 2015).

1.1.2 EPIDEMIOLOGY

The name ,,chikungunya® derives from a word in the Kimakonde language, meaning
,to become contorted®, and describes the stooped appearance of sufferers with joint pain or
arthralgia (www.who.int).

The first epidemic was recognized in July 1952 in present day Tanzania. Chikungunya
fever (CHIKF) was described as a ,,very sharp onset of crippling joint pains, severe fever, and
eventually the conspicuous rash“. The first direct evidence of CHIKF outside of Africa came
from Bangkok, Thailand, in 1958 during an outbreak associated with Aedes aegypti
transmission. CHIKV was also discovered in Cambodia and India from 1961 to 1963 (Weaver
and Forrester, 2015). In 2005, CHIKYV spread into islands in the Indian Ocean, namely the
Comoros, Madagascar, Mayotte, Mauritius, Réunion Island and the Seychelles, where major
outbreaks with high attack rates occurred (Weaver and Forrester, 2015; www.who.int).
Between January 2001 and April 2007, Indonesia reported 15207 CHIKV cases. Imported
cases of CHIKF were recorded in the Caribbean in 2006, occurring in travellers from the
Indian Ocean islands, and 35 cases were reported in the United States, 2 from Réunion and 33

from India (www.who.int). Other cases were reported in Europe (UK, Belgium, Germany,



Czech Republic, Norway, Spain, France), Hong Kong, Canada, Taiwan, Sri Lanka and the
USA (Figure 1) (Lo Presti et al., 2014; www.cdc.gov).

As of 26 September 2017, 183 cases have been notified to the Lazio Region of ltaly;
109 are confirmed and 74 additional cases are being investigated. Three more confirmed cases
have also been notified from other areas with a travel history to Lazio Region. There is a risk
for further transmission, due to the area being highly populated by tourists in summer months

and Aedes albopictus being established throughout the Mediterranean basin (www.who.int).

—

I current or previous local transmission of chikungunya virus

Figure 1. Countries and territories where CHIKV cases have been reported (as of 29 May

2018) (www.cdc.gov)

1.1.3 TRANSMISSION

It is believed that the epidemics of CHIKV are the result from spillover enzootic
infections to persons working in forested habitats or living in nearby villages, followed by
transport to urban centers populated by the epidemic vectors, Aedes aegypti and/or Aedes
albopictus (Table 1; Figure 2) (Weaver, 2013).



Table 1. Ecological and behavioral characteristics of Aedes aegypti and Aedes albopictus.

Aedes aegypti

Aedes albopictus

Tropical, subtropical
Feeds almost exclusively on humans
and takes multiple blood meals

within one gonotrophic cycle

Tropical
Feeds opportunistically and takes a
single meal within one gonotrophic

cycle

e Larvae habitats can be found in e Habitats can be found in natural and

artificial water containers near artificial water containers

houses e Varied levels of anthrophily and
e Adult females can be found inside endophily

houses ¢ Is moderately to highly susceptible to
¢ Is moderately susceptible to CHIKV CHIKV

Figure 2. Aedes aegypti (left) and Aedes albopictus (right) (www.vectorbase.org)

Longitudinal studies of enzootic CHIKV in eastern Senegal revealed a pattern of
infections by enzootic vectors, in 1975, 1979, 1983, and 1992 (Diallo et al., 2012). CHIKV
isolates from these and a few other studies in the region were sequenced and shown to
comprise an enzootic clade termed the West African lineage. Recently, sequencing and
phylogenetic studies placed together representative CHIKV strains from sub-Saharan African
locations into one clade termed the East/Central/South American (ECSA) lineage. Moreover,
they have demonstrated that CHIKYV strains isolated during the Asian outbreaks from 1958 to
1973 comprise a monophyletic group, now termed the Asian epidemic lineage (Volk et al.,
2011). During the Réunion epidemic, genomic sequencing of CHIKV isolates revealed a
transition in the predominant amino acid from alanine to valine at position 226 of the E1

envelope glycoprotein, and therefore the emergence of new epidemic strain from the ECSA



enzootic lineage, named Indian Ocean Lineage (IOL) (Schuffenecker et al., 2006).
Experimental infections supported that this substitution increased the ability of Réunion
CHIKYV strains to infect Aedes albopictus, which was more common for transmission there,
with little effect on infection of Aedes aegypti (Tsetsarkin et al., 2007; Vazeille et al., 2007;
Weaver and Forrester, 2015).

CHIKV epidemics display secular, cyclical and seasonal trends. There is an inter-
epidemic period of 4-8 years, but sometimes it can be as long as 20 years. Outbreaks are most
likely to occur when the vector density is very high, for example, in the post-monsoon period.
During epidemic periods, human beings serve as the CHIKV reservoir, while during inter-
epidemic periods, a number of vertebrates (monkeys, rodents, birds, etc.) have been implied

as the reservoir (www.who.int).

1.1.4 MECHANISMS OF INFECTION
1.1.4.1VIRAL REPLICATION

After the CHIKV entry into target cells (Figure 3), acidic endosomal environment
causes conformational changes in the virus envelope. The E1 glycoprotein is therefore
exposed, which mediates fusion of the CHIKV membrane with the host endosomal
membrane, and the nucleocapsid is released into the cytoplasm. The free viral RNA gets
translated into a polyprotein that gets cleaved into the nsPs 1-4. These nsPs form a viral
replication complex, which generates the full-length negative sense RNA intermediate. This
RNA intermediate is used as a template for downstream synthesis of the 49S genomic RNA
and the 26S subgenomic mRNA. The 26S subgenomic mRNA is translated to give the
structural proteins (C-pE2-6K-E1), which are processed by serine proteases in order to release
the capsid protein (C) into the cytoplasm. Remaining proteins are directed to the endoplasmic
reticulum, where they undergo post-translational modifications. After the cleaveage in the
Golgi apparatus, pE2 gives E2 and E3 glycoproteins. E1 and E2 glycoproteins will
heterodimerize and get transported to the host cell plasma membrane, where they would be
incorporated onto the virion surface in the form of trimeric spikes. Capsid protein associates
in the cytoplasm, forming the icosahedral nucleocapsid that contains the 49S genomic RNA.
Mature virions are assembled at the plasma membrane, where they will acquire a membrane
bilayer from the host cell plasma membrane (Lum and Ng, 2015; Strauss and Strauss, 1994;

www.ncbi.nlm.nih.gov).
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Figure 3. CHIKYV replication cycle (Lum and Ng, 2015)

CHIKV infects the host through inoculation at the skin via bites from infected
mosquitoes. It can infect a variety of cell lines and adherent cells, such as endothelial,
epithelial and fibroblastic primary skin cells (Couderc et al., 2008; Salvador et al., 2009;
Sourisseau et al., 2007; Wikan et al., 2012), and human muscle satellite cells (Ozden et al.,
2007). Various research reported contrasting results about the infectability of peripheral blood
mononuclear cells (PBMCs) (Lum and Ng, 2015; Sourisseau et al., 2007).

1.1.42 PATHOGENESIS

CHIKYV and other Alphaviruses are strong inducers of type-I interferon (IFN) and are
sensitive to type-1 IFN responses (Couderc and Lecuit, 2015). Particularly IFNo and IFNf
have been reported to play crucial anti-viral roles in both CHIKV infected humans and mice
(Couderc et al., 2008; Lum and Ng, 2015; Schilte et al., 2012; Sourisseau et al., 2007).
Expression of interferon regulatory factors (IRF), most notably IRF-3 or IRF-7, was shown to
be inducing an antiviral response in either hematopoietic or nonhemotopoietic cell
compartments (Schilte et al., 2012). Interferon-stimulated genes (ISGs), activated by Type-I

6



IFN, have been found to exert an antiviral role against CHIKV in vitro and/or in vivo. Some
of those ISGs include 1SG15, 1SG20, P56, ZAP, OAS3 and Viperin (Couderc and Lecuit,
2015; Lenschow et al., 2007; MacDonald et al., 2007; Werneke et al., 2011).

Pro-inflammatory cytokines such as interleukin-6 (IL-6), monocyte chemotactic
protein-1 (MCP-1) and IFNy were found to be elevated during the acute phase of the disease.
(Hoarau et al., 2010; Kelvin et al., 2011; Lum and Ng, 2015; Wauquier et al., 2011).

Viral replication in joint tissues was shown to lead to the recruitment of monocytes,
macrophages, and natural Killer cells in studies with non-human primate and mouse models
(Labadie et al., 2010). Autophagy has been shown to be an innate mechanism involved in host
response to CHIKV infection (Couderc and Lecuit, 2015; Joubert et al., 2012). CHIKV also
infects human osteoblasts and causes cytopathic effects, which can contribute to the joint
pathology and erosive disease (Burt et al., 2017).

CD8+ T cells dominate the early stages of the disease, while CD4+ T cells appear at a
later time to aid in the production of CHIKV-specific humoral response (Wauquier et al.,
2011). B cells and CHIKV-specific antibodies have also been extensively characterized (Lum
et al., 2013; Poo et al., 2014). Viral load CHIKV infection induces a robust anti-CHIKV IgG
antibody response dominated by the IgG3 isotype (Lum and Ng, 2015). Since neutralizing
antibodies persist for at least 21 months, and even for years, a strong antiviral immunity is
developed that can prevent clinical symptoms in the event of a second infection with CHIKV
(Burt et al., 2017).

1.1.5 CLINICAL PRESENTATION
1.1.5.1 ACUTE INFECTION

The incubation period of CHIKV infection ends with a sudden onset of high fever
(>38.5 °C), which coincides with viremia. Blood viral load can rapidly reach up to 109 viral
genome copies per milliliter (Couderc and Lecuit, 2015; Parola et al., 2006; Staikowsky et al.,
2009). In addition, the most common biological abnormality is leukopenia, particularly
lymphopenia (Staikowsky et al., 2009). Joint pain affects the extremities (ankles, wrists,
phalanges) and larger joints (shoulders, elbows, knees), and is typically polyarticular,
bilateral, and symmetrical (Couderc and Lecuit, 2015; Sissoko et al., 2010; Thiberville et al.,
2013). Swelling may also occur, as well as pain along ligament insertions, notably in children
(Couderc and Lecuit, 2015). Rash occurs in 10% to 40% of cases for 2-3 days, and is



characterized by transient macular or maculopapular rash that involves mainly the extremities

(Couderc and Lecuit, 2015; Economopoulou et al., 2009).

1.1.5.2 ACUTE SEVERE INFECTION

Severe CHIKV disease in otherwise healthy individuals occurs mainly in elderly
patients and young children, while adults with severe disease usually display underlying
conditions, such as diabetes, alcoholic hepatopathy, stroke, epilepsy, hypertension, or
impaired renal function (Economopoulou et al., 2009). Severe disease of CHIKV can
manifest as encephalopathy and encephalitis, cardiovascular and respiratory disorders, renal
failure, hepatitis and myocarditis (Das et al., 2010; Economopoulou et al., 2009; Staikowsky
et al., 2009).

Mother-to-child transmission of CHIKV infection was first reported during the
Réunion outbreak, as a cause of severe neonatal disease, associated with neurological acute
symptoms (Couderc and Lecuit, 2015; Gérardin et al., 2008; Gupta et al., 2015). Nevertheless,
the overall prevalence of maternal-fetal transmission is actually low (0.25% after 22 weeks)
(Gérardin et al., 2008), and vertical transmission is observed exclusively in near-term
deliveries (Couderc and Lecuit, 2015; Gérardin et al., 2008).

1.1.5.3CHRONIC INFECTION

CHIKV chronic disease can affect a large proportion of patients who can exhibit
persistent or relapsing arthralgia in the following months or years, which may mimic
rheumatoid arthritis (Couderc and Lecuit, 2015; Javelle et al., 2015; Messaoudi et al., 2013;
Schilte et al., 2013; Sissoko et al., 2009; Teo et al., 2015).

In a 6-year retrospective study on a cohort of patients in Réunion, two main categories
of post-CHIKV  persisting rheumatic and  musculoskeletal — disorders  were
distinguished: patients without previously defined arthritis, but with current musculoskeletal
disorders (loco-regional or diffuse), who represent 27% of patients, and patients with non-
crystalline polyarthritis who represent 70% of patients fulfilling the diagnostic criteria of
rheumatoid arthritis, spondyloarthritis or undifferentiated polyarthritis. The latter were refered
to as patients with chronic inflammatory rheumatism (CIR). Among them, a minority (16%)
had pre-existing CIR that immediately exacerbated after CHIKV infection, while all the other
developed CIR after CHIKV infection (Javelle et al., 2015).



1.2 DIAGNOSIS OF CHIKUNGUNYA FEVER

Usually the diagnosis of CHIKF is clinical, because the association of acute fever and
arthralgia is highly predictive in areas where the disease is endemic, but laboratory
confirmation is crucial in distinguishing CHIKV from various disorders that have similar
clinical manifestations, such as dengue fever and other Alphaviruses (Table 2) (Burt et al.,
2012; Staikowsky et al., 2009; Weaver and Lecuit, 2015).

The main laboratory finding is lymphopenia, which, when the lymphocyte count is
less than 1000 per cubic millimeter, is closely associated with viremia. Other laboratory
abnormalities include thrombocytopenia, increased levels of aspartate aminotransferase and
alanine aminotransferase in blood, and hypocalcemia (Weaver and Lecuit, 2015).

The acute phase of CHIKYV illness can be confirmed with detection of viral nucleic
acid in serum samples by reverse-transcriptase polymerase chain reaction (RT-PCR), isolation
of the virus, or detection of an antibody response (Burt et al., 2012). Virus isolation has been
successful largely in antibody-negative samples obtained on or before day 2 of illness
(Panning et al., 2008). RT-PCR can detect viral nucleic acid in samples obtained from 1 day
before onset of symptoms up to and including day 7 (Leo et al., 2009; Panning et al., 2008)
Antigen capture enzyme-linked immunosorbent assay (ELISA) has been described for
detection of antigen in serum samples and cerebrospinal fluid obtained as early as day 2 after
onset, while indirect immunofluorescence and ELISA can distinguish between IgG and IgM
antibodies (Burt et al., 2012; Litzba et al., 2008; Panning et al., 2008; Shukla et al., 2009; Yap
et al., 2010).

Elevated levels of C-reactive protein (CRP) and proinflammatory cytokines correlate
with disease activity, but there is no specific assay for assessing chronic signs and symptoms
of CHIKF (Schilte et al., 2013). Although persistence of specific IgM antibodies within 24
months after infection has been reported, persistence of high antibody titers may indicate
delayed antigen clearance rather than viral persistence (Burt et al., 2012; Malvy et al., 2009;
Panning et al., 2008; Weaver and Lecuit, 2015).

Serological tests can be used to distinguish CHIKV infections from Flavivirus
infections and other Alphaviruses, such as Mayaro and Ross River viruses, with the exception

of O’nyong-nyong virus (Burt et al., 2012).



Table 2. CHIKF is diagnosed on the basis of clinical, epidemiological, and laboratory criteria.

Criteria Description Diagnosis of CHIKF

Clinical criteria Acute onset of fever >38.5 °C Possible case when not
and severe arthralgia or arthritis  explained by other medical
condition (dengue or
alphaviral infection, arthritic

disease, endemic malaria)

Epidemiological criteria Residing in or visited epidemic  Probable case if clinical and
area within 15 days before onset epidemiological criteria are

of symptoms met
Laboratory criteria Virus isolation, presence of Confirmed case if a patient
viral RNA, specific IgM tests positive for one of the

antibodies, four-fold increase in  laboratory criteria,
IgG titres in paired samples irrespective of clinical

manifestations

1.3 CURRENT THERAPY OF CHIKUNGUNYA VIRUS

Current therapy of CHIKV consists of the use of analgesics, antipyretics and anti-
inflammatory agents (Abdelnabi et al., 2015).

During the 2005-2006 Réunion outbreak, a number of patients who experienced
chronic rheumatic symptoms were successfully treated with methotrexate (MTX) (Parashar
and Cherian, 2014). Despite this, other findings of MTX effectiveness seem to be
contradictive, thus its effect on acute viral induced arthritis remains unclear (Taylor et al.,
2013). The widespread use of these nonsteroidal anti-inflammatory drugs (NSAIDs) has
resulted in serious gastrointestinal complications, thus prompting the combined therapy with
gastroprotective agents. Selective COX-I1 inhibitors (rofecoxib, celecoxib, parecoxib) given
alone have shown comparable efficacy with a significantly reduced propensity to cause
gastrointestinal toxicity. Therefore, they are being considered as a first-line therapy in patients
requiring long-term pain control (Lazzaroni and Bianchi Porro, 2004).

Paracetamol was the most used analgesic in Réunion patients (in 95.4% of treatments),
but this also led to the emergence of severe liver afflictions diagnosed during the epidemic,

particularly when doses >3 g/day were taken (Staikowsky et al., 2008). Morphine was
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reported to be effective during early treatments of CHIKV (Parashar and Cherian, 2014), and
acetaminophen, another analgesic, was shown to modulate the transcriptional response to
recombinant IFNf (Farnsworth et al., 2010).

Some plant species, such as Fernelia spp., are also known for their antiviral properties,
and were mainly used during the outbreaks in Réunion to treat fever, pain, and inflammation.
However, the efficacy of these plants has yet to be studied (Staikowsky et al., 2008).

Additionally, corticosteroids were prescribed to treat arthralgia (27.7% of cases)
during the CHIKYV epidemic in the Réunion (Staikowsky et al., 2008). A study carried out in
South India during the CHIKYV epidemic in 2007 recommended coadministration of low-dose
systemic corticosteroids with NSAIDs as the best regimen in treating acute CHIKV cases
with arthralgia (Padmakumar et al., 2009). However, because of the risk of
immunosuppression causing disease exacerbation, corticosteroid use during acute viral

arthritis is considered to be contraindicated (Parashar and Cherian, 2014).

1.4 EVALUATION OF ANTIVIRAL COMPOUNDS

After the worldwide re-emergence of CHIKV (Weaver and Forrester, 2015), it became
apparent that the development of potent antiviral drugs is urgently needed (Abdelnabi et al.,
2015).

Bio-safe surrogates for CHIKV, such as BHK replicon cell lines containing a
persistently replicating CHIKV replicon and a Semliki Forest virus strain with Renilla
luciferase (Pohjala et al., 2011), can be used to identify antiviral molecules. The downside
with using a replicon model in which only viral replication occurs is that there is a risk of not
identifying molecules that inhibit other steps of the viral life cycle. Using infectious viruses
that have a complete life cycle is the best option when identifying molecules with anti-
CHIKV activity and inhibitors of CHIKV replication (Abdelnabi et al., 2015), such as
CHIKV-0708 strain (Kaur and Chu, 2013; Lam et al., 2012), DRDE-06 strain (Khan et al.,
2011) and DMERI09/08 strain (Rathore et al., 2014).

Cell viability or cytopathogenic effect (CPE) reduction assays are usually used for the
initial identification of molecules with activity against CHIKV (Abdelnabi et al., 2015;
Bassetto et al., 2013; Bourjot et al., 2014; Cruz et al., 2013; Jadav et al., 2015). Their
advantage is the possibility of discovering or identifying new antiviral targets and the

evaluation of the cytotoxic effect of putative antiviral molecules. The most commonly used
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cells in these assays are the African green monkey kidney (Vero) cells (Abdelnabi et al.,
2015).

To assess the antiviral efficacy of small molecules and monoclonal antibodies against
CHIKV-induced death, lethal infection models using adult immunodeficient mice can been
used (Abdelnabi et al., 2015). However, immunocompetent mice such as C57BL/6 (Goha et
al., 2013; Lam et al., 2012; Parashar et al., 2013; Selvarajah et al., 2013) and Swiss albino
mice (Parashar et al., 2013) can be used to assess the efficacy of drug therapy against
CHIKV-induced arthritis and inflammation (Abdelnabi et al., 2015).

In addition, discovery of antiviral compounds is encouraged by the availability of the
crystal structures of several proteins of the CHIKV RNA genome and other related
alphaviruses, with the aim to use target structure-based pharmacophore modeling, virtual
library screening, and drug docking approaches (Bissantz et al., 2000). Identified structural

models are further used to optimize the compound’s activity (Parashar and Cherian, 2014).

1.5 STATE OF THE ART
151 ANTIVIRAL COMPOUNDS

Some antivirals that have been effective against CHIKV in humans, and are therefore
promising, include broad-spectrum antivirals like chloroquine and ribavirin (in combination
with interferon). Additionally, research has shown that cellular factors could be used in the
future as a basis for immune-based control strategies (Table 3) (Parashar and Cherian, 2014).

Inhibition of viral replication by RNA interference (RNAIi) has emerged as a
promising antiviral strategy. Stopping of the viral replication can be achieved by using the
post-transcriptional process RNAI, where the shutdown of the protein expression is triggered
by targeting specific viral proteins. The small interfering RNA (siRNA) and small hairpin
RNA (shRNA) molecules are central to RNA interference (Parashar and Cherian, 2014).
Moreover, the in vitro use of siRNA or plasmid based shRNA has shown promising results in
the cell based infection model of CHIKV (Lam et al., 2012; Parashar and Cherian, 2014;
Parashar et al., 2013).

Nevertheless, further clinical testing and studies in in vivo systems are essential for

establishing the effectiveness of the potential compounds (Parashar and Cherian, 2014).
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Table 3. Specific chemical compounds and cellular factors tested against CHIKV.

Products Hypothesized Pros Cons References
target
Chloroquine  Disrupted Blocks the In vivo study Parashar and
endosome- production of required Cherian, 2014
mediated CHIKV  proinflammatory
internalization cytokines and the
proliferation of
monocytes,
macrophages, and
lymphocytes
Ribavirine Can interact with  Faster resolution of  Involvement  Ravichandran
the intracellular ~ joint and soft tissue  of a small and Manian,
viral RNA manifestations number of 2008
production patients and
lack of
planning
6-Azauridine  Inhibition of Showed a The antiviral ~ Briolant et al.,
orotidine significant activity has 2004
monophosphate inhibition of been difficult
decarboxylase CHIKV at a low to replicate
concentration in vivo
Arbidol Inhibition of Well-tolerated with  Not tested in  Parashar and

virus mediated
fusion and

blocking of the
viral entry into

the target cells

minimal side

effects

in vivo

system

Cherian, 2014

13



Harringtonine  Affects CHIKV Minimal Not tested in in Kaur et al.,
RNA production  cytotoxicity Vvivo system 2013
inside the infected
cell and viral
protein expression

Furin Intracellular ~ Able to induce a Not tested in in Ozden et al.,

inhibitors furin- stronger inhibition  vivo system 2008
mediated of viral infection
cleveage of
viral envelope
glycoproteins

2'5'- Affects Ability of OAS3 to Cannot rule out the Bréhin et

Oligoadenylate CHIKV inhibit alphavirus  possibility that al., 2009

synthetase 3 replication growth OAS3-mediated

(OAS3) through inhibition of
RNase L- CHIKYV is also due
dependent to a block early in
pathway virus life cycle

Cellular Depletion of  Potential and It would be useful  Khan etal.,

IMPDH intracellular effective targetto  to explore similar 2011

enzyme guanosine prevent CHIKV findings by
pool infection targeting IMPDH

in case of other
Alphaviruses

Viperine Endoplasmic ~ Provides a Large gapsinour  Tengetal.,

reticulum preclinical basis understanding of 2012

for the design of

effective control

strategies against
CHIKV

the precise
mechanisms at

play for viperin
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1.5.2 VACCINES

There is still no effective vaccine to prevent CHIKV, and some of the problems related
to their development is further in vivo evaluation, the need for clinical trials, cost and
scalability issues (Parashar and Cherian, 2014).

Over the years, various number of preclinical CHIKV vaccines have been described.
Some of them include live-attenuated virus vaccines (Parashar and Cherian, 2014; Plante et
al., 2011), inactivated virus formulations (Gardner et al,, 2010; Harrison et al, 1971; Tiwari et
al, 2009), chimeric virus vaccines (Wang et al., 2008), DNA vaccines (Mallilankaraman et al.,
2011; Muthumani et al., 2008), T cell based peptide vaccine (www.link.springer.com), a
recombinant adenovirus vaccine (Wang et al., 2011), subunit protein vaccines (Kumar et al.,
2012; Parashar and Cherian, 2014; www.link.springer.com), and a virus-like particle (VLP)
formulation (Akahata et al., 2010; Parashar and Cherian, 2014).

Recently, a live CHIKV vaccine (CHIKV/IRES), that is highly attenuated yet
immunogenic in mouse models, was shown to be incapable of replicating in mosquito cells
(Chu et al.,, 2013). The mechanism is based on the insertion of a picornavirus internal
ribosome entry site (IRES) sequence into the genome of CHIKV, and these CHIKV/IRES
vaccine candidates appear to be safe and efficacious (Roy et al., 2014).

A novel CHIKYV vaccine candidate was generated, termed MVA-CHIKYV, based on the
highly attenuated poxvirus vector, modified vaccinia Ankara (MVA), expressing the CHIKV
structural genes C, E3, E2, 6K, and El (Garcia-Arriaza et al., 2014). The immunogenicity
profile and the efficacy of a MVA-CHIKV was generated and it was found to be an effective
vaccine against CHIKV infection. It induced strong, broad, highly polyfunctional and
longlasting CHIKV-specific CD8+ T cell responses, together with neutralizing antibodies
against CHIKV (Parashar and Cherian, 2014).
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2. RESEARCH OBJECTIVES
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The estimation that 1.4-6.5 million people were infected with CHIKV in India during
the 2005-2007 epidemic, and the emergence of CHIKV in Europe and Americas clearly
shows that arthritogenic Alphaviruses infections (AAls) epidemics pose a serious public
health issue worldwide (Lo Presti et al., 2014; www.digital.library.adelaide.edu.au).
Therefore, there is a need for the development of vaccine and antiviral therapy of CHIKV.

To identify structures as potential CHKYV inhibitors, MTS assay using Vero cell lines
was performed at Rega Institute for Medical Research, KU Leuven, Belgium. MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay
Is based on the reduction of the MTS tetrazolium compound in the presence of phenazine
methosulfate (PMS) by viable cells to generate a colored formazan dye that is soluble in cell
culture media. This conversion is thought to be carried out by NAD(P)H-dependent
dehydrogenase enzymes in metabolically active cells. The formazan dye is quantified by
measuring the absorbance at 490 nm (Riss et al., 2013).

The structure with the most suitable properties showed to be 3-(3-bromo-4-
hydroxyphenyl)-1-(9H-carbazol-2-yl)prop-2-en-1-one (5) (Figure 4), with the half maximal
inhibitory concentration (ICso) of 4.3 ng/ml (Figure 5).

O

Br
N
H
OH

Figure 4. Structure of compound 5
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Figure 5. Graph of performed MTS assay of compound 5

To better understand the relationship between the structure of the molecule and its
activity, the goal of this thesis was to synthesize and characterize two new derivatives of the
structure 5. In the first derivative, 3-(3-bromo-4-methoxyphenyl)-1-(9H-carbazol-2-yl)prop-2-
en-1-one (1a), with the formation of the methoxy group, the aim was to observe the
importance of the hydroxy group in the activity of the structure, since it is prone to undergo
various metabolic reactions. In the second one, 1-(9H-carbazol-2-yl)-3-phenylprop-2-en-1-
one (1b), a molecule without functional groups was synthesized to asses if their presence
plays a role in metabolic reactions as well.

In this thesis the synthesis of the derivatives 1la and 1b is described, and their
analytical and spectroscopic data are shown. In further research, which is beyond the scope of

this thesis, the inhibition of CHIKV by these molecules will be tested.
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3. MATERIALS AND METHODS
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Melting points were determined on a Bobby Stuart Scientific SMP1 melting point
apparatus and are uncorrected.

Infrared (IR) spectra were recorded on a PerkinElmer Spectrum-One
spectrophotometer. *H NMR spectra were recorded at 400 MHz on a Bruker AC 400
Ultrashield 10 spectrophotometer (400 MHz). Dimethyl sulfoxide-de 99.9% (code 44,139-2)
of isotopic purity (Aldrich) was used. Chemical shifts (d) in ppm were measured in reference
to tetramethylsilane (TMS).

Column chromatographies were performed on silica gel (Merck; 70-230 mesh) column
and chloroform/n-hexane (7:3), chloroform/ethanol (99:1), chloroform/acetone (95:5),
chloroform/ethyl acetate (85:15), dichloromethane/n-hexane/ethanol (98:2:1),
dichloromethane/petroleum ether or n-hexane (6:4), petroleum ether/ethyl acetate (7:3) and n-
hexane/ethyl acetate (6:4) were used as mobile phases.

All compounds were routinely checked on TLC by using aluminumbaked silica gel
plates (Fluka DC-Alufolien Kieselgel 60 F254) and chloroform/methanol (96:4),
chloroform/acetone (95:5) and dichloromethane/petroleum ether (6:4) as mobile phases.
Developed plates were visualized by UV light.

Concentration of solutions after reactions and extractions involved the use of rotary
evaporator (Biichi) operating at a reduced pressure (~20 Torr).

2 molar solution of K2CO3z was prepared with dissolution of KoCOz in distilled water,
and was used in following reaction step without additional purification. Other solvents were
purchased by Sigma-Aldrich company, they were reagent grade and, when necessary, were
purified and dried by standard methods. Organic solutions were dried over anhydrous sodium

sulfate (Merck). All reactions were carried out under argon.
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3.1. Synthesis of 1-(4-chloro-3-nitrophenyl)ethan-1-one (4)

4'-Chloroacetophenone (0.4 ml; 3.234x10° mol) was suspended in conc. H,SO4 (0.8 ml) at
the temperature of -10 °C. A mixture of HNOz (0.6 ml) and conc. H2SO4 (1.2 ml) (1:2 v/v)
was added dropwise with constant stirring. The temperature was kept below -10 °C using ice-
based cooling bath. Stirring was continued for further 30 min, during which nitration product
separated out. Crushed ice was added to the solid suspension and the obtained solid was
recrystallized from ice cold methanol with vacuum filtration to give colourless crystals of
compound 4 (0.451 g).

Yield: 70%

m.p. =99-101 °C

IR (KBr, vmax/cm™): 1685 (C=0), 1532 (NO,), 1345 (NO,)

'H NMR (DMSO-ds, 6/ppm): 2.64 (s, 3H, 1'), 7.94-7.96 (d, 1H, 3, Jo = 8 Hz), 8.19-8.22 (dd,
1H, 2, Jo =8 Hz), 8.54-8.55 (d, 1H, 1, Jn =4 Hz)

3.2. Synthesis of 1-(2-nitro-[1,1'-biphenyl]-4-yl)ethan-1-one (3)

Compound 4 (2.505%10° mol; 0.500 g) and 1,1 equiv. of phenylboronic acid (2.756x10 mol;
0.336 g) was suspended in toluen (1.4 ml per mmol of halid; 3.5 ml). KoCO3 (2.5 ml) was
added and sparged with bubbling N2 for 5 min. At that time, Pd(PPhs)s (0.289 g) was added
and sparging continued for an additional 10 minutes before the flask was closed and the
contents heated to reflux temperature (111 °C) using heated oil-based bath. Complete
consumption of the halid starting material took ~18 h. Afterwards, the reaction was cooled,
filtered, and washed with Et,O (~150 ml). The organic mixture was washed with H>O (2x50
ml) and brine, dried over Na2SO4, and concentrated in vacuum. Solid compound 3 (0.370 g)
was purified with column chromatography (stationary phase: silica gel, mobile phase:
dichloromethane/petroleum ether or n-hexane 6:4). Afterwards, the mixed fraction of
compound 3 was purified with another column chromatography (stationary phase: silica gel,
mobile phase: chloroform/n-hexane 7:3).

Yield: 62%

m.p. = 95-97 °C

IR (KBr, vmax/cm™): 1683 (C=0), 1525 (NO,), 1357 (NO,)

'H NMR (DMSO-ds, /ppm): 2.69 (s, 3H, 1"), 7.38-7.40 (m, 2H, 2, 4'), 7.48-7.51 (m, 3H, 1,
3,5", 7.73-7.75 (d, 1H, 3, Jo = 8 Hz), 8.26-8.29 (dd, 1H, 2), 8.46 (d, 1H, 1, Jn = 4 HZ)
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3.3. Synthesis of 1-(9H-carbazol-2-yl)ethan-1-one (2)

Compound 3 (1.244x10™* mol; 0.300 g) and triphenylphosphine (2.5 equiv.; 3.109x107 mol;
0.815 g) were added to 1,2-dichlorobenzene (2 ml per mmol of nitro; 2.48 ml). The reaction
was run under argon, reflux temperature (178-180 °C), with rigorous stirring, using oil-based
heating bath. The reaction was stopped upon complete consumption of the starting material of
compound 3. The reaction was cooled and n-hexane was added to the mixture to assist in the
formation of the compound 2 as a powdery precipitate. The precipitate was filtered under high
vacuum. Solid was transferred from the flask using the minimum quantity of ethyl acetate,
which was precipitated again using n-hexane. A mixture of compound 2 as a crystal and a
powdery solid was attained. The product was purified with column chromatography, using
two separate systems. Stationary phase was silica gel and mobile phases were petroleum
ether/ethyl acetate 7:3 and n-hexane/ethyl acetate 6:4, which showed better results.

Yield: 40%

m.p. = 232-234 °C

'H NMR (DMSO-ds, d/ppm): 2.69 (s, 3H, 1'), 7.22-7.24 (t, 1H, 5, Jo = 8 Hz), 7.48-7.50 (m,
1H, 6, Jo= 8 Hz), 7.55-7.58 (d, 1H, 7, Jo = 8 Hz), 7.79-7.81 (dd, 2, 1H), 8.09-8.10 (ds, 1H, 1,
Jm =4 Hz), 8.20-8.25 (m, 2H, 3, 4), 11.54 (s, 1H, 8)

3.4. Synthesis of  3-(3-bromo-4-methoxyphenyl)-1-(9H-carbazol-2-yl)prop-2-en-1-one
(1)

Compound 2 was suspended (0.200 g; 9.558x10* mol) in methanol (8.8 ml). Afterwards,

barium hydroxide octahydrate (0.603 g; 1.912x10* mol) and 3-bromo-4-

hydroxybenzaldehyde (0.205 g; 9.558x10* mol) were added and the system was adjusted to

the reflux temperature of the methanol (65 °C). Upon completion, water was added to the

reaction system and the precipitate was filtered under vacuum. A solid powder of compound

la was attained and purified using column chromatography (stationary phase: silica gel,

mobile phase: chloroform/ethanol 99:1).

Yield: 18%

m.p. = 194-206 °C

IR (KBr, vmax/cm™): 3275 (NH), 1651 (C=0), 1627 (C=0)

'H NMR (DMSO-ds, 5/ppm): 3.93 (s, 3H, 1"), 7.20-7.24 (m, 2H, 5, 4'), 7.46-7.50 (t, 1H, 6, Jo

= 8 Hz), 7.56-7.58 (d, 1H, 3', Jo = 8 Hz), 7.70-7.74 (d, 1H, 1', Jirans = 16 Hz), 7.88-7.91 (dd,

1H, 7), 8.02-8.06 (m, 2H, 2', 4), 8.22-8.31 (m, 4H, 1, 2, 3, 5'), 11.54 (s, 1H, 8)
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3.5. Synthesis of 1-(9H-carbazol-2-yl)-3-phenylprop-2-en-1-one (1b)

Compound 2 was suspended (0.200 g; 9.558x10) in methanol (8.8 ml). Afterwards, barium
hydroxide octahydrate (0.603 g; 1.912x10* mol) and benzaldehyde (0.101 g; 9.558x10* mol)
were added and the system was adjusted to the reflux temperature of the methanol (65 °C).
Upon completion, water was added to the reaction system and the precipitate was filtered
under vacuum. A solid powder of compound 1b was attained and purified using column
chromatography (stationary phase: silica gel, mobile phase: chloroform/acetone 95:5).

Yield: 23%

m.p. = 273-284 °C

IR (KBr, vmax/cm™): 3291 (NH), 1652 (C=0), 1627 (C=0)

'H NMR (DMSO-ds, 6/ppm): 7.21-7.24 (t, 1H, 5, Jo = 8 Hz), 7.47-7.50 (m, 4H, 4', 5', 6', 6),
7.57-7.59 (d, 1H, 7, Jo =8 Hz), 7.77-7.81 (d, 1H, 1', Jirans = 16 Hz), 7.92-7.94 (m, 2H, 3', 7,
8.01-8.03 (d, 1H, 2, Jo = 8 Hz), 8.06-8.10 (d, 1H, 2, Jirans = 16 Hz), 8.23-8.31 (m, 3H, 1, 3, 4),
11.56 (s, 1H, 8)
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4. RESULTS AND DISCUSSION
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Starting compound in the reaction mechanism is 4'-chloroacetophenone, which is
commercially available.

The synthesis of derivative of 2-halonitrobenzene (4) was the electrophilic substitution
reaction between benzene ring of 4'-chloroacetophenone and nitric acid (Figure 6). The
mixture of concentrated nitric acid and concentrated sulphuric acid was added, while the
temperature was kept below -10 °C, because of the exothermic nature of the reaction and the
greater chance of getting more than one nitro group substituted onto the ring if the
temperature increased. The electrophile is the nitronium ion or the nitryl cation, NO2*. It was
formed by the reaction between the nitric acid and the sulphuric acid, which is acting as a
catalyst (Joshi et al., 2012).

2-Nitrobiphenyl derivative (3) was synthesized via Suzuki-Miyaura cross coupling.
The carbon-carbon single bond was formed by coupling phenylboronic acid and 2-
halonitrobenzen (4) using Pd(PPhs)s as a catalyst and K>COs as a base. Toluene was used as a
solvent. The solid product (3) was purified using column chromatography (Freeman et al.,
2005; Xu et al., 2016).

The carbazole derivative (2) was synthesized using PPhs-mediated reductive
cyclization of 2-nitrobiphenyl (3) in 1,2-dichlorobenzene (Figure 7). These solvents were
selected because of their similar polarity, high solvent power, high boiling points, and
availability. The primary byproduct was 2 equivalents of PPh3O. The purification of the
carbazole derivative (2) was achieved with the combination of the precipitation of the PPh3O
from the product using n-hexane, and column chromatography (Freeman et al., 2005; Xu et
al., 2016).

Our desired products (la, 1b) were synthesized using the base catalyzed aldol
reaction, followed by the base catalyzed dehydration of the water molecule. Ba(OH). was
added first after carbazole derivative (2) in order to deprotonate it. That way, it was achieved
that the carbazole derivative (2) forms an enolate, which reacts more easily with
benzaldehyde and 3-bromo-4-methoxybenzaldehyde, which are commercially available. Solid
products (1a, 1b) were attained using column chromatography.

All synthesized products were characterized with usual spectroscopic methods (IR and
'H NMR), and melting points were defined for solid products. Analytical and spectroscopic
data for compounds 1-4 are shown in the Tables 4, 5 and 6.
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Figure 6. Synthesis of carbonyl derivatives
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Table 4. Analytical data for compounds 1-4.

Molecular

Compound Structure Yield (%) m.p. (°C)

formula (Mr)

@]
O s C22H1sBrNO2
la N 18
N O Br (406.28)

194-206
OCH,
(@)
O - C21H1sNO
1b 23 273-284
" (297.36)
. &
O
O C14H11NO
2 40 232-234
O (209.25)
N
H
a.r
C14H11NO3
3 62 95-97
(241.25)
0]
NO,
Cl CsHeCINO3
4 70 99-101
(199.59)

O
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Table 5. *H NMR spectroscopic data for compounds 1-4.

Compound Structure

'H NMR (DMSO-ds, ¢ ppm, J/Hz)

la

3.93 (s, 3H, 1), 7.20-7.24 (m, 2H, 5,
4, 7.46-7.50 (t, 1H, 6, Jo = 8 Hz),
7.56-7.58 (d, 1H, 3', Jo = 8 Hz), 7.70-
7.74 (d, 1H, 1', Jrans = 16 Hz), 7.88-
7.91 (dd, 1H, 7), 8.02-8.06 (m, 2H, 2',
4),8.22-8.31 (M, 4H, 1, 2, 3, 5), 11.54
(s, 1H, 8)

1b

7.21-7.24 (t, 1H, 5, Jo = 8 Hz), 7.47-
7.50 (m, 4H, 4', 5, 6', 6), 7.57-7.59 (d,
1H, 7, Jo = 8 Hz), 7.77-7.81 (d, 1H, 1,
Jurans = 16 Hz), 7.92-7.94 (m, 2H, 3', 7),
8.01-8.03 (d, 1H, 2, Jo = 8 Hz), 8.06-
8.10 (d, 1H, 2', Jrans = 16 Hz), 8.23-
8.31 (m, 3H, 1, 3, 4), 11.56 (s, 1H, 8)

2.69 (s, 3H, 1'), 7.22-7.24 (t, 1H, 5, Jo =
8 Hz), 7.48-7.50 (m, 1H, 6, Jo = 8 Hz),
7.55-7.58 (d, 1H, 7, Jo = 8 Hz), 7.79-
7.81 (dd, 2, 1H), 8.09-8.10 (ds, 1H, 1,

m = 4 Hz), 8.20-8.25 (m, 2H, 3, 4),
11.54 (s, 1H, 8)

2.69 (s, 3H, 1), 7.38-7.40 (m, 2H, 2/,
4, 7.48-7.51 (m, 3H, 1, 3", 5), 7.73-
7.75 (d, 1H, 3, Jo = 8 Hz), 8.26-8.29

(dd, 1H, 2), 8.46 (d, 1H, 1, Jn = 4 Hz)

2.64 (s, 3H, 1'), 7.94-7.96 (d, 1H, 3, Jo
= 8 Hz), 8.19-8.22 (dd, 1H, 2, Jo=8
Hz), 8.54-8.55 (d, 1H, 1, Jn = 4 Hz)
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Table 6. IR Spectroscopic data for compounds 1-4.

Compound Structure IR (KBr) vmax(cm™)
0 3275 (NH), 1651 (C=0),
la
N
: e
OCH,4
0 3291 (NH), 1652 (C=0),
O - 1627 (C=0)
- C
: &
H
O NO, 1683 (C=0), 1525 (NOy),
1357 (NOy)
3 ®
@]
NO, 1685 (C=0), 1532 (NO>),
Cl 1345 (NO»)
4
O
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5. CONCLUSION
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In this thesis, the research into carbonyl derivatives as potential CHIKV inhibitors,
which is being carried out at the Sapienza University of Rome Faculty of Pharmacy and
Medicine, was continued. The synthesis of two unsaturated carbonyls, attained by
condensation of carbazole and benzaldehyde derivatives, was described. Structures of every
compound was confirmed by spectroscopic methods (IR and *H NMR). In further research,
which is beyond the scope of this thesis, synthesized carbonyl derivatives will be tested for
their anti-CHIKV activity.
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The worldwide impact of Chikungunya virus (CHIKV) and the emergence of new
transmission strains in Europe and Americas shows that arthritogenic Alphavirus infection
epidemics pose a serious public health issue. There are no vaccines or antivirals available for
the prevention or treatment of CHIKV infection, and most of the treatment regimens are
symptomatic and based on the clinical manifestations. The purpose of this thesis was to
synthesize new carbonyl compounds that could act as CHIKV inhibitors.

Compound 4 was prepared by nitration with concentrated sulfuric acid using the
commercially available 4'-chloroacetophenone. Compound 3 was prepared using Suzuki-
Miyaura cross coupling reaction, while compound 2 was prepared using PPhs-mediated
reductive cyclization. Both of the compounds 1a and 1b were prepared with base catalyzed
aldol reaction, using the previously synthesized compound 2 and commercially available
benzaldehyde and 3-bromo-4-methoxybenzaldehyde. The structures of the compounds were

confirmed by usual analytical and spectroscopic methods (IR and *H NMR spectroscopy).

NO, O NO,
- HNOs, cone. 1,80, © PhB(OH), PA(PPhs)y, 2M KxCO3agy
—_— T P
-10°C Toluene, Ar, reflux

0 (0] (0]
4 3

\

PPh;, 0-DCB l{Ar, reflux

Ba(OH),, MeOH O o)
-0 T
reflux N
H
2

1a,b

1a: R = 3-Br, 4-OCHj3
1b:R=H

Key words: chikungunya virus, carbonyl, inhibitor, synthesis

48



8. STRUKTURIRANI SAZETAK
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8.1. UVOD

Chikungunya virus (CHIKV) je artritogeni Alphavirus iz obitelji Togoviridae, koji se
uobicajeno prenosi putem artropodnog vektora. Prva epidemija CHIKV prepoznata je u
danasnjoj Tanzaniji, 1952., no u 2005., CHIKV se prosirila na otoke u Indijskom oceanu, a
izmedu sijeénja 2001. i travnja 2007., Indonezija je zabiljezila 15207 CHIKV slucajeva.
Slucajevi Chikungunya groznice su se poceli biljeziti unutar Europe (Italija, UK, Belgija,
Njemacka, Ceska Republika, Norveska, Spanjolska, Francuska), ali i u Hong Kongu, Kanadi,
Tajvanu, Sri Lanci i SAD-u. Do 26. rujna 2017., zabiljezeno je 183 sludaja u Lazio regiji
Italije; 109 su potvrdeni slucajevi Chikungunya groznice, a dodatnih 74 se jo§ uvijek
istrazuje. Vjeruje se da su epidemije CHIKV uzrokovane prijelazom enzootskih infekcija na
osobe naseljene u Sumskim prostorima ili u neposrednim selima. Tome prijelazu slijedi
transport u urbane centre koji su nastanjeni vektorima, Aedes aegypti i/ili Aedes albopictus.
Infekcija CHIKV se dogada putem koze, inokulacijom od zarazenih komarca. Moze zahvatiti
razne stani¢ne linije, poput endotelnih, epitelnih i fibroblastnih primarnih stanica. CHIKV
epidemije pokazuju ciklicke 1 sezonske trendove. Postoji inter-epidemicki period od 4 do 8
godina, koji ponekad zna trajati i 20 godina. Klinicka prezentacija bolesti se moze podijeliti
na akutnu infekciju, tesku akutnu infekciju te kroni¢nu infekciju. CHIKV se obi¢no
dijagnosticira putem klini¢kih, epidemioloskih i laboratorijskih kriterija. Trenutna terapija
CHIKYV se sastoji od upotrebe analgetika, antipiretika te protu-upalnih lijekova, a cjepiva i
antivirotici za prevenciju ili lije€enje CHIKV joS uvijek nisu razvijena. Za evaluaciju
antiviralnih spojeva, mozemo koristiti virusne vektore, testove citopatogenog ucinka, ili
modele imunodeficijentnih miSeva. Neki antivirotici koji su pokazali obecavajuce rezultate
protiv CHIKV u ljudi ukljucuju Sirokospektralne antivirotike poput klorokina te ribavirina (u
kombinaciji s interferonom). Takoder, istrazivanja stani¢nih faktora su pokazala da se mogu
koristiti kao baza za budu¢i razvoj strategija za kontrolu imunoloSskog odgovora. Glavni
problemi kod nedostatka razvoja cjepiva su potreba za dodatnom in vivo i klini¢kim

istrazivanjima, te reduciranje troSkova.

8.2. OBRAZLOZENJE TEME

MTS test koriste¢i Vero stani¢nu liniju je proveden na Rega Institutu za medicinsko
istrazivanje, KU Leuven u Belgiji, kako bi se identificirale strukture potencijalnih inhibitora
CHIKV. MTS test se temelji na redukciji MTS tetrazolium supstrata u obojeni formazan u

prisutnosti fenazin metosulfata (PMS) pomocu NAD(P)H-ovisnih dehidrogenaza u
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metaboli¢ki aktivnim stanicama. Kvantifikacija obojenog formazana se vrSi mjerenjem
apsorbancije na valnoj duljini od 490 nm. Spoj 3-(3-bromo-4-hidroksifenil)-1-(9H-karbazol-
2-il)prop-2-en-1-on (5) je pokazao najprikladnija svojstva, prema maksimalnoj inhibitornoj
koncentraciji (ICso) od 4,3 ug/ml. Cilj ovog rada je bio sintetizirati dva nova derivata spoja 5.
Kod prvog derivata, 3-(2-bromo-4-metoksifenil)-1-(9H-karbazol-2-il)prop-2-en-1-on (1a), s
uvodenjem metoksi grupe se zeljela ispitati vaznost ucinka hidroksi grupe u aktivnosti cijele
molekule, budu¢i da je ona sklona mnogim metaboli¢kim reakcijama. Kod drugog derivata, 1-
(9H-karbazol-2-il)-3-fenilprop-2-en-1-on (1b), sintetizirana je molekula bez funkcionalnih
grupa na benzenskom prstenu, kako bi se istrazilo utjece li nedostatak tih grupa na aktivnost

molekule u metabolizmu.

8.3. MATERIJALI | METODE

Talista su odredena na Bobby Stuart Scientific (SMP1) uredaju i nisu korigirana. IR
spektri su snimljeni na PerkinElmer Spectrum-One spektrometru. *H NMR spektri su
snimljeni na Bruker AC 400 Ultrashield 10 spektrometru (400 MHz). Uzorci su mjereni u
DMSO-ds (kod 44, 139-2) otopinama izotopne ¢istoce (Aldrich). Kemijski pomaci (d) dani su
u ppm u odnosu na tetrametilsilan (TMS) kao unutarnji standard. Kromatografije na koloni su
izvedene na silikagel (Merck; 70-230 mesh) koloni, a kloroform/n-heksan (7:3),
kloroform/etanol ~ (99:1), kloroform/aceton  (95:5), kloroform/etil-acetat  (85:15),
diklormetan/n-heksan/etanol (98:2:1), diklormetan/petroleter ili n-heksan (6:4), petroleter/etil-
acetat (7:3) and n-heksan/etil-acetat (6:4) su koriStene kao mobilne faze. Svi spojevi su
rutinski kontrolirani na TLC-u, uz upotrebu silikagel plo¢a (Fluka DC-Alufolien Kieselgel 60
F254), uz kloroform/metanol (96:4), kloroform/aceton (95:5) i diklrometan/petroleter (6:4)
kao mobilne faze. Tvari su vizualizirane pod UV svjetom. Koncentracija otopina nakon
reakcija i ekstrakcija je ukljucivala koristenje rotavapora (Biichi), uz snizeni tlak (~20 Torr).
2 molarna otopina K>COs je pripremljena otapanjem K>COs u destiliranoj vodi, te je bez
daljnjeg ¢iS¢enja upotrijebljena u sljedecem reakcijskom koraku. Ostale kemikalije nabavljene
su od tvrtke Sigma-Aldrich. Kemikalije su bile p.a. ¢istoce te su bile procisé¢ene i osuSene
standardnim metodama, po potrebi. Organska otapala su osuSena pomocu bezvodnog

natrijevog sulfata (Merck). Sve reakcije su provedene u inertnoj atmosferi argona.

51



8.4. REZULTATI, RASPRAVA I ZAKLJUCAK

Pocetni spoj u reakcijskom mehanizmu je 4'-kloracetofenon, koji je komercijalno
dostupan. Sinteza derivata 2-halonitrobenzena (4) je elektrofilna supstitucija nitracije izmedu
benzenskog prstena 4'-kloracetofenona i dusic¢ne kiseline, koriste¢i koncentriranu sumpornu
kiselinu kao katalizator. Derivat 2-nitrobifenila (3) je sintetiziran pomocu Suzuki-Miyaura
reakcije. Nastajanje jednostruke veze izmedu dva atoma ugljika je postignuto spajanjem
fenilboroni¢ne kiseline i 2-halonitrobenzena (4) koriste¢i Pd(PPhs)s kao katalizator i KoCOs
kao bazu, dok je toluen koristen kao otapalo. Derivat karbazola (2) je sintetiziran koriste¢i
PPhs-potpomognutu reduktivnu ciklizaciju 2-nitrobifenila (3) u 1,2-diklorbenzenu. Zeljeni
produkti (la, 1b) su dobiveni bazi¢nom aldolnom kondenzacijom s benzaldehidom i 3-
bromo-4-metoksibenzaldehidom, koji su komercijalno dostupni.

Strukture svih sintetiziranih spojeva potvrdene su uobicajenim spektroskopskim
metodama (IR, H NMR) te je svim &vrstim produktima odredeno taliste. Sintetiziranim

derivatima karbonila u daljnjim ¢e istrazivanjima biti ispitano anti-CHIKV djelovanje.

NO, NO,
el HNOs, cone. HyS0, a PhB(OH),, Pd(PPhs)s, 2M K>COs(qq)
. = : s .
-10°C Toluene, Ar, reflux
0 (0]

3

O
4

PPh;, 0-DCB l{Ar, reflux

Ba(OH),, MeOH O o)
-
reflux N
H
2

1a,b

1a: R = 3-Br, 4-OCHj;
1b:R=H

Kljucne rijeci: chikungunya virus, karbonil, inhibitor, sinteza
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9. APPENDIX
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Figure 8. Structure of 3-(3-bromo-4-methoxyphenyl)-1-(9H-carbazol-2-yl)prop-2-en-1-one
(1a)
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Figure 14. Structure of 1-(9H-carbazol-2-yl)-3-phenylprop-2-en-1-one (1b)
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Figure 15. IR spectrum of compound 1b
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Figure 18. Structure of 1-(9H-carbazol-2-yl)ethan-1-one (2)
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Figure 19. *H NMR spectrum of compound 2
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Figure 20. *H NMR spectrum of compound 2
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Figure 21. Structure of 1-(2-nitro-[1,1'-biphenyl]-4-yl)ethan-1-one (3)
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Figure 22. IR spectrum of compound 3
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Figure 25. Structure of 1-(4-chloro-3-nitrophenyl)ethan-1-one (4)
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