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Abstract

New benzofuranylthiazole derivatives containing the aryl-urea moiety were synthesized and
evaluatedn vitro as dual acetylcholinesterase (AChE)-butyrylcholinesterase (BuChE) inhibitors.

In addition, the cupric reducing antioxidant capacities (CUPRAC) and ABTS cation radical
scavenging abilities of the synthesized compounds were assayed. The result showed that all the
synthesized compounds exhibited inhibitory activity on both AChE and BuChE with 1-(4-(5-
bromobenzofuran-2-yl)thiazol-2-yl)-3-(2-fluorophenyl)ure2% 1Cso value of 3.85 uM) and 1-
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(4-iodophenyl)-3-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)ure8§ 1Cs, value of 2.03uM) as the
strongest inhibitors against AChE and BuChE, respectively. CompeRidias 8.5-fold more
potent than galanthamine. The selectivity indee2ande38was 2.40 and 0.37 against AChE
and BuChE, respectively. Compoued e4 andell (ICs= 0.2, 0.5 and 1.13 uM, respectively)
showed a better ABTS cation radical scavenging ability than the standard quercgtnl (k8

1M). Best poses of compound88on BuChE an&250n AChE indicate that the thiazole ring
and the amidic moiety are important sites of interaction with both ChEs. In addition, the
benzofuran ring and phenyl ring are anchored to the side chains of both enzymegipi)

interactions.

1. Introduction

Alzheimer’'s disease (AD) is the most common neurodegenerative disease with symptoms of
memory loss, cognition defect and behavioural impairment [1-3]. The classical hypothesis of AD,
named “cholinergic hypothesis”, suggests that acetylcholinesterase inhibitors (AChEI) could
increase ACh levels in AD patients through the inhibition of AChE and, therefore, relieve some
symptoms experienced by AD patients [4,5]. AD is probably associated with multifaceted
etiologies and pathogenic phenomena. In any case, oxidative stress can be considered the
causative unifying factor [6].

Cholinergic system is the earliest and most profoundly affected neurotransmitter system in AD,
with substantial loss of the forebrain, cortex, and hippocampus. Ach and the above mentioned
brain regions are critical in the acquisition, processing, and storage of memories and have
supported the use of cholinomimetics in the treatment of AD [7]. It is well known that two forms
of cholinesterases coexist ubiquitously throughout the body, i.e., acetylcholinesterase (AChE; EC
3.1.1.7) and butyrylcholinesterase (BuChE; EC 3.1.1.8). Among its functions, AChE regulates
the impulse transmission at cholinergic synapses by rapid hydrolysis of the neurotransmitter
ACh. BuChE, also known as pseudocholinesterase, is primarily localized in plasma, liver, and
muscle tissues.

The pharmacological role of BUChE was not yet completely understood but it is supposed that it
may have a compensatory role in the modulation of the hydrolysis of ACh in brains causing
degenerative changes. Consequently, BUChE may be a target for increasing the cholinergic tone
in AD patients [8,9].

Based on these findings, many efforts have been made in the search for potent AChE inhibitors,

and a large number of naturally occurring and synthetic AChE inhibitors such as galantamine,
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huperzine A, physostigmine, ambenonium and tacrine have already been reported (Fig. 1) [10-
13].

Crystallographic structure of AChE froorpedo californica[14] shows three main
binding sites, namely (a) the catalytic triad at the bottom of active site including Ser200, His440
and Glu327; (b) the catalytic anionic site (CAS) at the vicinity of the catalytic triad consisting of
Trp84, Tyrl30, Gly199, His441 and His444; (c) peripheral anionic site (PAS) at the gorge rim
comprising Tyr70, Asp72, Tyrl21, Trp279 and Tyr334 [15,16]. Inhibition of AChE can be
accomplished by three different ways depending on the nature of the interaction of the inhibitor
with the enzyme binding site [17]. Irreversible inhibitors, such as organophosphates, form a
strong covalent bond with the serine residue in the catalytic triad. Pseudo-irreversible inhibitors,
as carbamates, lead to formation of a carbamylated serine into the catalytic triad that is slowly
hydrolysed to regenerate the active enzyme. Reversible inhibitors give a transient non-covalent
binding through electrostatic interactions with the active and/or peripheral sites. The reversible
inhibitors may be classified as (a) active-site inhibitors directed toward the catalytic anionic sub-
site at the bottom of the gorge, (b) peripheral anionic site inhibitors which bind at the entrance to
the gorge, or (c) elongated gorge-spanning inhibitors which bridge the two sites [17].

Recently, some works on AChE inhibitors with a benzofuran moiety have been reported [18,19].
Amide or imide-based AChE inhibitors have also been reported [20-21] with both these
functionalities acting as hydrogen bond donors towards oxygen or nitrogen lone pairs of Tyr72,
Tyrl24, Tyr203 and Tyr337 of the enzyme. Amidic or imidic fragments interact with the
catalytic triad Ser203-Glu334-His447 of the active binding site. Hydrogen bonds with Tyr70 and
His447 were also reported for compounds having urea, carbamate or sulphonamide moieties as
spacers [22-25].

Dibenzofuran and tricyclic tacrine-ferrulic acid derivatives as multifunctional anti-Alzheimer
agents were also previously reported by Fang and co-workers [26,27]. Tricyclic and heterocyclic
rings derivatives, such as tacrine, quinolizidinyl, piperidine and indolinone derivatives give
strong parallelr-n (pi-pi) stacking with residues at CAS [28-33]. An additionat (pi-pi)
stacking interaction was also observed between the furan ring and Phe330 [18,19]. Moreover, it
has been reported that thiazolo-triazin derivatives form a hydrogen bond with Tyrlz4rand
interaction with Trp286 [34]. Docking into the BuChE gorge, which is larger than that of AChE,
showed that heterocyclic rings give (i) a catiomteraction with Trp82 and Trp430 and also (i)

hydrophobic and/ox-n (pi-pi) stacking interactions with Phel118 and Trp231 [3,24].
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Overall, heterocyclic and aromatic rings can have strong patatistacking with residues at the

CAS of the enzyme whereas the urea moiety might contribute to inhibitor activity by additional
interactions.

On the basis of the above reported evidences a series of 38 novel urea substituted benzofuran
derivatives €1-e38, including the thiazole ring as an additional spacer, was designed and
synthesized (Fig. 2). AChE/BUChE inhibition and antioxidant properties were evaluated.

Structure-activity relationships are described and rationalized by docking studies.

2. Results and discussion

2.1. Chemistry

The synthetic procedures are depicted in Scheme 1. 2-Acetyl benzofuran derivatbZwere
prepared as previously reported [35]. 1-(1-benzofuran-2-yl)-2-bromoethanone derivcltieds (

were prepared by brominating of 2-acetyl benzofuran using molecular bromine in chloroform.
The reaction ot1-c3 with thiourea in ethanol gave 4-(1-benzofuran-2-yl)-1,3-thiazol-2-amines
(d1-d3). These compounds were reacted with arylisocyanates in THF to get the final products
(e1-e38 at high yields.

All the new compounds were characterized throtigtNMR, **C NMR, IR, MS and elemental
analysis. Infrared spectra fef-e38show absorptions between 3500 and 3000 wzfated to N-

H stretching, absorptions at 1650-1700 ‘cifinom the urea carbonyl moiety stretching and
absorptions at 1550 chfor the thiazole C=N moiety stretching. Furthermore, absorptions among
3111 cm' and 2950 cifl indicated C-H stretching for the thiazole and furan rings, respectively.

In case ofH NMR spectra, the resonance for the hydrogen attached to the amide nitrogen was
between 8.20 and 11.50 ppm. Signals for aromatic protons were observed between 6.50 and 8.52
ppm and those for the proton of thiazole and furan ring were detected around 7.10 and 7.50 ppm
as a singlet. RegardirdC NMR spectra, carbon atoms of urea carbonyl, benzofuran riranC

Cg) and thiazole ring (€} were observed between 150.7 and 161.4 ppm.

2.2. Biological activities

2.2.1. Inhibitory activities on AChE and BuChE

The Ellman’s method with galanthamine as the reference compound [36] was applied to measure
AChE and BuChE inhibitory activity for all synthetized compoureds€38. The 1G values for

AChE and BUChE inhibition are summarized in Table 1.

The results show that the synthesized compounds exhibit low to moderate AChE inhibigon. IC
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values are between 3.85 and 78.85 uM for AChE and between 2.03 and 154.08 uM for BuChE.
Among the synthesized compound&5 (ICso = 3.85 uM) shows the highest inhibitory activity

on AChE. The value was less than that of galantaming €Q.41 uM) but close to that of
rivastigmine (1Go = 3.01 pM).

e38exhibited the strongest inhibition against BUChE with af \@lue of 2.03 uM, which was
8.5-fold and 2.3 more than that of galanthamingykE17.38 uM) and donepezil (&= 4.66

K1M), respectively. Furthermore, eight of the synthesized compoaBdsl(l, e2Q e22 e24 e25
e33ande38 showed higher inhibition against BUChE than galanthamine.

Moving the fluorine atom in the phenyl ring from thego-position €25 1Cso = 3.85 uM for
AChE,ICs5 9.25 uM for BUChE) to theetaposition €26 ICso = 29.38 for AChE, 16, = 40.16

for BUChE) or thepara-position €27, ICso = 35.62 for AChE, 16 = 64.32 for BUChE) led to a
major decline of the inhibitory activity for both ChERaple 1). An opposite trend was observed

for compound£9 (ICso = 30.92 uM for AChE, 16 = 41.66 uM for BUuChE)e10(ICso = 48.99

UM for AChE, 1Go = 17.98 uM for BuChE) and11(ICso = 55.03 uM for AChE, I = 7.45

pM for BuChE) were the above mentioned replacement led to a decrease of the inhibitory
activities against AChE (Table 1), but to an increase in the BUChE inhibition (Table 1). It can be
speculated on a more volume allowed in the active site of the latter enzyme to accommodate the
alternatemetaandpara substitutions (vidénfra Docking Results). Hydrophobic interactions also
combined with the H-bond acceptor character of the fluorine atom might play a role.

Moving the chlorine atom in the phenyl ring from timetaposition €12,1Cso = 9.67 uM for
AChE, IG = 21.52 uM for BUuChEg28 ICso = 7.93 puM for AChE, 16 = 26.32 uM for
BuChE) to thepara-position €13 ICso = 42.55 uM for AChE, 16 = 38.58 uM for BuChEe29

ICs0 = 22.23 uM for AChE, 16 = 36.93 uM for BuChEled to a decrease of the inhibitory
activity for both ChEs (Table 1).

Moving the nitro group in the phenyl ring from tbgo-position €6, ICso = 41.91 uM for AChE,

ICs0 = 79.93 uM for BUChE) to theetaposition €7, ICso = 41.19 uM for AChE, 16 = 26.81

1M for BUChE) and above all thgara-position €8, 1Cso = 5.23 uM for AChE, 16 = 3.44 uM

for BUChE) led to a major enhancement of the inhibitory activity for both ChEs. This effect was
not observed for compoun@?2 (ICso = 8.82 uM for AChE, I = 5.12 uM for BUChE)e23

(ICsp = 17.45 puM for AChE, Iy = 78.97 uM for BUChE) and24 (ICso = 4.78 uM for AChE,

ICs0 = 3.12 pM for BuChE)with a R_was bromine atom as;Rubstituent. The bromine atom
might lead to some unfavourable positioning of the nitro group which doesn’ t allow for good

interactions.



Compounds with a methoxy group in tmeta-position of the phenyl ringe@, I1Cso = 48.90 uM
for AChE, IGo = 59.56 uM for BuChE) exhibited higher inhibitory activity than that with the
same substituent in tleetho or para positions €1, 1Csp = 60.97 uM for AChE, 16 = 81.28 uM
for BUChE;e3 ICso = 52.47 uM for AChE, 16 = 74.26 uM for BUChE) for both ChEs (Table
1). It is supposed that methoxy substituent can better act as H-bond acceptor binding more tightly
to both enzymes finally enhancing the inhibitory effects.
Alternatively this favourable effect might be explained as a consequence of a different electron
density which is lower in theeta position on respect to thattho- andpara.
Overall, the inhibitory activity on AChE seems to be strongly dependent on the size and
polarizability of the halogen substituent at fh&a-{osition of the phenyl ring (for size and
polarizability, | > Br > Cl > F; for AChE inhibitory activityg16(R,=4-1, 1IC5o = 21.35 pM) >15
(R2=4-Br, 1Csp = 32.82 uM) >e13(R,=4-Cl, 1Cso = 42.55 uM) >ell (R,=4-F, IG5 = 55.03
UM); €31 (Ry=4-I, I1Cs0 = 6.42 uM) >e30(R,=4-Br, 1Gso = 11.94 uM) >e29 (R,=4-Cl, ICso =
22.23 pM) >e27(Ry=4-F, 1G5, = 35.62 uM);e38(R;=4-I, IC50 = 5.53 uM) >e37(R,=4-Br, 1G5
= 28.19 pM) >e36 (R=4-Cl, 1Gso = 30.56 pM) >e35 (R=4-F, IGo = 41.13 uM). This
relationship was not observed for BUChE.

Hydrophobic contacts ana-n stacking interactions between the phenyl, thiazole and
benzofuran rings of the synthesized compounds and CAS or PAS of AChE might take place. A
hydrogen bond might form between urea moiety and Tyr70 or His447 in the active site.

2.2.2. Docking studies

AChE and BuChE share the 65% of amino acid sequence homology and overall have a similar
structure [37]. Six of the fourteen aromatic amino acid residues that constitute the active site
gorge of AChE are replaced by aliphatic amino acid residues in BUChE. Thereof the volume of
the BUChE active site gorge is larger (~ 200 A3) than that of AChE. The replacement of aromatic
with aliphatic amino acids is also critical for the selectivity against different inhibitor of the two
enzymes [38]. Docking studies performed on both ChEs reveal that all the title compounds have
multiple binding modes. To reach a plausible positioning of the compounds into the active site of
both ChEs, the allowed search space was restricted to the region between CAS and PAS sites of
both AChE and BuChE. All the compounds gave a suitable occupation of the active binding site
of the two enzymes, assuming different geometries stabilized by interactions with the side chains
of CAS and PAS (Fig. 3). Overall, the thiazole ring has a critical role for its capacity to form H
bond interaction with Tyr121 of AChE. Docking scores for compowefs(ICso = 3.85uM
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against AChE) ané38(ICso= 2.03uM against BUChE) are in agreement with the experimental

in vitro data. In this regard, the former exhibits higher binding affinity for AChE whereas the
latter gave a better scoring result for BUChE binding. 2D LigPlot diagrams [39] showing the
interactions of the best poses for compouads and e38 respectivelyinto the active site of
AChE site and BUChE as visualized by Python Molecular viewer [40], are shokig. id4 and

Fig. 5. Thiazole ring ofe25 gives H bond interaction through its nitrogen that acts as acceptor
towards the hydroxyl group of Tyr121 (hydrogen bond interaction energy, EH: -8.10) of AChE.
Another H bond can be considered for nitrogen of the amidic moiety that acts as acceptor towards
the hydroxyl group of Serl22 (EH: -7.95). Furthermore, favourable steric interactions can be
established with Asp72, Gly117, Gly118, Gly123, Gly335, Phe330, Serl24, Trp279, Tyrlle,
Tyrl21 and Tyrl30 of AChE. The phenyl moietys®b points toward the PAS pocket and gives
T-stacking with the phenolic side chain of Tyr84n(interaction). The benzofuran group stacks
between the benzyl moiety of Phe331 (Steric Interaction Energy, ES: -15.56) and the phenolic
one of Tyr334 (ES: -27.82), stabilizing the accommodation of compeR&dt the entrance of

the active binding site. Anothdrstacking interaction can be found between the thiazole ring of
e25and the benzyl side chain of Phe330 (ES: -9.44) [41].

Binding of e38into the BUChE gorge is characterized by the formation of the following three H
bond interactions: (1) the nitrogen of thiazole ring as H-bond acceptor for Thr120, (2) the
nitrogen of the nitro group as H-bond acceptor for Tyr128 hydroxyl group and (3) the oxygen of
nitro group as H-bond acceptor for nitrogen of Gly115. This result can be due to the fact that
BuChE binding site is bigger than the AChE one, thered8B8gains a better positioning into the
BuChE binding site, finally leading to the formation of a more stable com@leg-Fluorine

atom lies outside the gorge of BUChE. The two nitrogen atoms of the amidic moiety form a salt
bridge with the side chain of Asp70. A strongi(pi-pi) interaction (ES: -35.21) is observed
between the benzofuran ring and the Trp82 indolyl moiety. In addition, favourable steric
interactions occur with the side chain of Asn68, Asn83, GIn71, Glul97, Gly116, Gly439, lle69,
Tyrll4, Trpl12 and His438.

2.3. Antioxidant activity assay

2.3.1. ABTS cation radical scavenging assay

The ABTS method is based on the ability of hydrogen or electron-donating antioxidants to
decolourize the performed radical monocation of 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic

acid) generated due to oxidation of ABTS with potassium persulfate [42]. Five of the synthesized
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compounds exhibited good radical scavenging ability (Table 1). Particularly compeijreds
andell(ICse= 0.2, 0.5 and 1.13 puM, respectively) lacking of substituents on the benzofuran ring
showed significantly better activity than quercetin sfC 1.18 pM). Compound®18e37,
containing N@- and Br- substituents at 5-position of the benzofuran ring, showed significantly
less ABTS cation radical scavenging.

2.3.2. CUPRAC assay

CUPRAC assays have a distinct advantage over other electron-transfer based assays (e.g., Folin,
FRAP, ABTS, DPPH). This advantage is its realistic pH close to that physiological, favourable
redox potential, accessibility and stability of reagents and applicability to lipophilic antioxidants
as well as hydrophilic ones [43]. The cupric reducing antioxidant capacities of the synthesized
compounds€1-e38 were determined according to a reported method [41] using quercetin as the
reference compound. Among the synthesized compowids(Apso = 92.68 uM) showed the
highest cupric reducing antioxidant activity. The synthesized compounds have lower CUPRAC
activity than quercetin (#so= 1.45 pM) (Table 1).

The antioxidant results coming from the ABT@nd CUPRAC assays are, not comparable
because of the differences in the methods. In fact, the interaction between an antioxidant and
ABTS" is an indication of the ability of the hydroxyl or amine functional group to react with or
scavenge free radicals. In addition, the trapping of ABT hydroxyl or amine-type
antioxidants can be regarded as a hydrogen atom transfer from O—H or N-H t6 BT S he
CUPRAC method is based on reduction of Cu(ll) to Cu(l) by reductants (antioxidants) present in
a sample [45]. Compounds2 (Aps0= 104.46 uM).e4 (Aoso= 192.91 uM).e7 (Aos0>200 puM)
andell(Aoso= 110.31 uM)have a highlectron ohydrogen atom transfer ability, but they don’t

have reducing ability of Cu(ll) to Cu(l).

3. Conclusion

A series of 38 novel urea substituted benzofuranylthiazoles derivatit-e889 was synthesized

and their inhibitory activities on AChE and BuChE and antioxidant activities were evaluated. All
the synthesized compounds inhibited AChE and BUChE. Among th25ICs, = 3.85 uM
against AChE) was found to be the most active as AChE inhibitor whe384KCso= 2.03uM
against BUChE) exhibited the strongest inhibition against BUChE withviilue of 2.03 pM,
which was 8.5-fold more potent than that of galanthamine. Additionally, most of the synthesized
compoundsd?2, 1Cso = 48.90 uM for AChE, 165 = 59.56 uM for BuChEg4, 1C50=10.40 uM for
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AChE, IG5 = 56.32 uM for BUChEEg7, ICso = 41.19 uM for AChE, Ig = 26.81 uM for
BuChE;e9, ICso = 30.92 uM for AChE, 16 = 41.66 uM for BuChEel], ICso = 55.03 uM for

AChE, IG5, = 7.45 pM for BuChE) exhibited good ABTS cation radical scavenging ability with

e2 (ICsp = 48.90 uM for AChE, 16y = 59.56 uM for BuChE)e4 (ICso = 10.40 uM for AChE,

ICs0 = 56.32 uM for BuChE) andl1(ICso = 55.03 pM for AChE, 16 = 7.45 uM for BUChE)
showing significantly better activity than quercetin. The SAR revealed that the inhibitory activity
of the synthesized compounds could also be affected by the type and position of the halogen
substituent on the phenyl ring.

Overall benzofuranylthiazole shows an interesting potential as a new chemotype to develop

multifunctional agents in AD by properly modulating the substitution pattern.

4. Experimental section

4.1. Chemistry. General information

Melting points were taken on a Barnstead Electrothermal 9200. IR spectra were registered on a
Shimadzu Prestige-21 (200 VCE) spectrometet.and **C NMR spectra (Supplementary
Materials) were registered on a Varian Infinity Plus spectrometer at 300 and at 75 Hz,
respectively.'H and**C chemical shifts are referenced to the internal deuterated solvent. Mass
spectra were obtained using MICROMASS Quattro LC-MS-MS spectrometer. The elemental
analyses were carried out with a Leco CHNS-932 instrument. Spectrophotometric analyses were
performed by a BioTek Power Wave XS (BioTek, USA). The electric eel acetylcholinesterase
(AChE, Type-VI-S, EC 3.1.1.7, 425.84 U/mg, Sigma) and horse serum butyrylcholinesterase
(BuChE, EC 3.1.1.8, 11.4 U/mg, Sigma) were purchased from Sigma (Steinheim, Germany). The
other chemicals and solvents were purchased from Fluka Chemie, Merck, Alfa Easer and Sigma-
Aldrich.

4.1.1. General procedures of synthesis and spectral data

4.1.1.1. Synthesis of 2-acetyl benzofuran derivatives)

2-Acetyl benzofuran derivatives were prepared in accordance with previously reported methods
[35]. Salicylaldehydes (100 mmol) and KOH (100 mmol) were stirred in methanol (250 ml) for
30 minutes then chloroacetone (120 mmol) was dropped at 0-10°C. The mixture was refluxed for
2 h (or 48 hours fob3). Methanol was removed using a rotary evaporator, and the mixture was
extracted with ChCl, (3x 50 mL). The organic layer was dried over anhydrougsS®aand

removed using a rotary evaporator. The product was recrystallized from ethanol.
9



1-(Benzofuran-2-yl)ethanone (b1J8% yield, mp. 76-77 °C (lit. [35] mp. 75°CJH NMR
(DMSO-ds, 300 MHZz)é/ppm: 2.65 (3H, s), 7.31-7.34 (1H, m), 7.45-7.52 (2H, m), 7.60 (1H, d),
7.73 (1H, d);**C NMR (DMSOds, 75 MHz) 8/ppm: 27.8, 111.8, 112.4, 124.6, 125.3, 127.4,
129.6, 151.8, 155.4, 187.2.

1-(5-Bromo-benzofuran-2-yl)ethanone (h36% yield, mp. 110-111 °C (lit. [35] mp. 109-
111°C);*"H NMR (DMSO-ds, 300 MHz)&/ppm: 2.72 (3H, s), 7.49 (1H, s), 7.52 (1H, d), 7.57
(1H, d), 7.85 (1H, s)**C NMR (DMSOds, 75 MHz) 8/ppm: 27.9, 111.7, 113.3, 116.9, 125.8,
129.3, 132.2, 153.9, 155.6, 188.8.

1-(5-Nitrobenzofuran-2-yl)ethanone (b®5% yield, mp. 174-176 °C (lit. [35] mp. 175-177°C);

'H NMR (DMSO-<ds, 300 MHz)8/ppm: 2.66 (3H, s), 7.62 (1H, s), 7.69 (1H, d), 8.38 (1H, d),
8.66 (1H, s);**C NMR (DMSOds, 75 MHz) 8/ppm: 27.6, 111.8, 112.1, 118.8, 124.4, 126.7,
142.9, 154.8, 156.8, 187.5.

4.1.1.2. Synthesis of 2-bromoacetylbenzofuran derivaiites) (

2-Bromoacetyl benzofuran derivatives were prepared in accordance with previously reported
methods [46]. A solution of bromine (1 mol) in chloroform was added to a solution of 2-acetyl
benzofuran (1 mol) in chloroform. The mixture was stirred at 50 °C for 15 min. The precipitate
was filtered and washed with ether. The product was recrystallized from acetic acid.
1-(1-Benzofuran-2-yl)-2-bromoethanone (c&pP% vyield, mp. 90-92 °C'H NMR (DMSO-d,

300 MHz)é/ppm: 4.85 (2H, s), 7.40-7.45 (1H, t), 7.55-7.61 (1H, m), 7.88 (1H, t), 8.05 (1H, s),
8.12 (1H, s);**C NMR (DMSOds, 75 MHz) 8/ppm: 49.7, 111.7, 117.1, 120.9, 122.5, 123.9,
135.5, 151.4, 154.8, 159.8, 185.8.

2-Bromo-1-(5-bromo-1-benzofuran-2-yl) ethanone (@&% yield, mp. 140-142 °CH NMR
(DMSO-ds, 300 MHz)d/ppm: 4.87 (2H, s), 7.52-7.62 (1H, m), 7.87 (1H, t), 8.07 (1H, s), 8.20
(1H, s);**C NMR (DMSO4s, 75 MHz) 8/ppm: 48.9, 112.5, 116.9, 117.2, 125.4, 130.1, 137.1,
153.3, 161.2, 185.0.

2-Bromo-1-(5-nitro-1-benzofuran-2-yl) ethanone (c32% vyield, mp. 211-213 °CH NMR
(DMSO-ds, 300 MHz)&/ppm: 4.59 (2H, s), 7.68-7.82 (2H, m), 8.40 (1H, d), 8.71 (1H*);
NMR (DMSO-dg, 75 MHz)d/ppm: 50.1, 114.7, 117.2, 118.3, 121.4, 132.5, 147.1, 155.1, 169.0,
183.8.

4.1.1.3. Synthesis of 4-(benzofuran-2-yl)thiazol-2-amine derivatite?) (
4-(benzofuran-2-yl)thiazol-2-amine derivatives were prepared in accordance with previously
reported methods [47]. Thiourea (5 mmol) was added to a solution of 2-bromoacetylbenzofuran

derivatives (5 mmol) in hot ethanol (20 mL). The mixture was refluxed for 1 hour and cooled.
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The mixture was neutralized with aqueous ammonia. The precipitate was filtered and washed
with ethanol. The product was recrystallized from ethanol.

4-(benzofuran-2-yl)thiazol-2-amine (dB5% yield; mp. 214-266 °CH NMR (DMSO-ds, 300

MHz) &/ppm: 6.96 (1H, s), 7.06 (1H, s), 7.22-7.32 (4H, m), 7.57 (1H, d), 7.63 (1HCINMR
(DMSO-ds, 75 MHz)d/ppm: 102.1, 105.3, 110.7, 118.2, 121.3, 122.5, 126.1, 140.3, 151.3, 154.1,
164.3.

4-(5-bromobenzofuran-2-yl)thiazol-2-amine (d285% yield; mp. 234-236 °CH NMR
(DMSO-d, 300 MHz)d/ppm: 6.95 (1H, s), 7.10 (1H, s), 7.21 (2H, s), 7.42 (1H, d), 7.54 (1H, d),
7.84 (1H, d);*C NMR (DMSO4ds, 75 MHz) 8/[ppm: 102.2, 104.8, 112.1, 118.5, 122.4, 128.2,
129.5, 140.5, 151.1, 154.5, 164.7.

4-(5-nitrobenzofuran-2-yl)thiazol-2-amine (d®5% yield; mp. 244-256 °CH NMR (DMSO-

ds, 300 MHZz)d/ppm: 7.19 (2H, d), 7.36 (2H, s, NH7.81 (1H, d), 8.17-8.21 (1H, m), 8.61 (1H,

d); **C NMR (DMSO+g, 75 MHz)5/ppm: 103.3, 106.8, 112.4, 118.2, 120.8, 130.8, 140.9, 144.6,
155.7, 157.6, 169.8.

4.1.1.4. Synthesis of urea substituted benzofuranylthiazole derivafive3s]

Isocyanate derivatives (1 mmol) were added to a solution of thiazole derivatives (1 mmol) and
triethyl amine (1 mL) in dry THF. The mixture was refluxed for 12 h. Tetrahydrofuran was
removed using a rotary evaporator, and the mixture was washed with chloroform. The product

was recrystallizated from ethanell-e38were obtained in yields of 77-99%.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(2-methoxyphenyl)urea (¥&jtowish powder, 64% yield,

mp. 263-265 °C; IR: 3260, 3190, 3113, 2957, 1694, 1527, 1292, 1255 #inNMR (DMSO-

ds, 300 MHz)o/ppm: 3.41 (3H, s, -OC#)l, 6.35-6.51 (4H, m, kho212), 6.73 (1H, dJ=8.8 Hz,

He), 6.78 (1H, s, ), 6.97 (1H, s, k), 7.08 (1H, dJ=8.2 Hz, H), 7.43 (1H, dJ=7.6 Hz, Hy),

7.68 (1H, tJ=2,1 Hz, H), 8.21 (1H, s, NH), 10.68 (1H, s, NHJC NMR (DMSO4ds, 75 MHz)
olppm: 56.3(-OCH), 102.7(C-3), 104.8(C-14), 111.4(C-7), 111.6(C-20), 119.8 (C-4), 121.1(C-
22), 121.9(C-23), 122.5(C-5), 123.8(C-18), 125.1(C-6), 129.2(C-21), 129.4(C-9), 141.9(C-14),
148.8(C-19), 152.9(C-2), 153.4(C-16), 154.6(C-8), 163.0(C-12); LC-M&)(366.17 [MH].

Anal. Calcd. for GgH15N303S: C, 62.45; H, 4.14; N, 11.50. Found: C, 62.73; H, 4.09; N, 11.33.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(3-methoxyphenyl)urea (€eam powder, 80% yield,
mp. 250-252 °C; IR: 3260, 3213, 3111, 2941, 1693, 1525, 1292, 1257 #inNMR (DMSO-
ds, 300 MHz)d/ppm: 3.77 (3H, s, -OC¥), 6.66 (1H, dJ=8.2 Hz, H,), 7.01 (1H, dJ=8.0 Hz,
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Ho3), 7.16 (1H, s, B, 7.20-7.37 (4H, m, k.142), 7.58 (1H, s, hb), 7.62 (1H, dJ=8.0 Hz, H ),

7.69 (1H, dJ=7.3 Hz, H), 8.96 (1H, s, NH), 10.87 (1H, s, NH}*C NMR (DMSO+s, 75 MHz)
slppm: 55.7(-OCH), 103.1(C-3), 105.1(C-14), 109.0(C-19), 110.2(C-7), 111.7(C-23), 118.6(C-
21), 122.0(C-4), 123.9(C-5), 125.3(C-6), 129.1(C-9), 130.4(C-22), 140.2(C-18), 140.9(C-10),
152.1(C-2), 152.4(C-16), 154.6(C-7), 154.8(C-20), 160.4(C-12); LC-M&)(366.17 [MH].

Anal. Calcd. for GgH15N303S: C, 62.45; H, 4.14; N, 11.50; found: C, 62.82; H, 4.08; N, 11.27.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(4-methoxyphenyl)urea (e8hite powder, 68% yield,

mp. 236-238 °C; IR: 3259, 3188, 3116, 2997, 1674, 1566, 1307, 1252 #nNMR (DMSO-

ds, 300 MHz)o/ppm: 3.71 (3H, s, -OC#), 6.90 (2H, dJ=9.1 Hz, B 29, 7.11 (1H, s, H), 7.24-

7.33 (2H, m, Hg), 7.38 (2H, dJ=8.8 Hz, Ho»3, 7.52 (1H, s, Ky, 7.59 (1H, dJ=7.6 Hz, H),

7.65 (1H, dJ=7.3 Hz, H), 8.73 (1H, s, NH), 10.80 (1H, s, NH}*C NMR (DMSO+s, 75 MHz)
olppm: 55.8(-OCH), 103.1(C-3), 110.1(C-14), 111.7(C-7), 114.7(C-20,22), 121.3(C-19,23),
122.0(C-4), 123.9(C-5), 125.3(C-6), 129.1(C-9), 131.9(C-18), 140.8(C-10), 152.3(C-2), 152.5(C-
16), 154.8(C-8), 155.8(C-21), 160.7(C-12); LC-MB/f) 366.12 [MH]. Anal. Calcd. for
Ci9H15N303S: C, 62.45; H, 4.14; N, 11.50; found: C, 62.58; H, 4.17; N, 11.43.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(p-tolyl)urea (e4hream powder, 75% yield, mp. 269-271
°C; IR: 3323, 3271, 3121, 2916, 1687, 1556, 1288, 1242 ciH NMR (DMSO-dg, 300 MH2z)
olppm2.24 (3H, s, 4-C§), 7.11 (2H, d,J=8.2 Hz, Ho2) 7.12 (1H, s, B) 7.24 -7 34 (2H, m,

Hse), 7.36 (2H, dJ=8.2 Hz, Hg 29, 7.53 (1H, s, k) 7.59 (1H, dJ= 7.9 Hz, H), 7.67 (1H, d,
J=8.2 Hz, H), 8.82 (1H, s, NH), 10.81 (1H, s, NH’C NMR (DMSO4ds, 75 MHz) s/ppm:
21.0(-CH), 103.1(C-3), 110.1(C-14), 111.7(C-7), 119.5(C-4), 122.0(C-19,23), 123.9(C-5),
125.3(C-6), 129.1(C-20,22), 130.0(C-9), 132.5(C-18), 136.4(C-21), 140.8(C-10), 152.1(C-2),
152.4(C-16), 154.8(C-8), 160.6(C-12);LC-MSm/¢g) 350.11 [MH]. Anal. Calcd. for
Ci1oH1sN30,S: C, 65.31; H, 4.33; N, 12.03; found: C, 65.44; H, 4.29; N, 12.08.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-phenylurea (eSYhite powder, 78% yield, mp. 283-285

°C; IR: 3209, 3132, 3034, 2949, 1681, 1512, 1269, 1255 ciH NMR (DMSO-ds, 300 MHz)
dlppm: 7.04 (1H, tJ=7.3 Hz, HB1), 7.12(1H, s, K), 7.24-7.34 (4H, m, kk202), 7.50 (2H, d,
J=11.5 Hz, Hg»9, 7.54 (1H, s, k), 7.59 (1H, dJ=8.2 Hz, H), 7.65 (1H, dJ= 7.3 Hz, H), 8.93

(1H, s, NH), 10.86 (1H, s, NH}*C NMR (DMSOds, 75 MHz)d/ppm: 103.1(C-3), 110.2(C-14),
111.7(C-7), 119.4(C-4), 122.0(C-19,23), 123.6(C-5), 123.9(C-6), 125.3(C-21), 129.1(C-20,22),
129.6(C-9), 139.0(C-18), 140.8(C-10), 152.2(C-2), 152.4(C-16), 154.8(C-8), 160.6(C-12); LC-
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MS (m/z) 335.89 [MH]. Anal. Calcd. for GgH13N30,S: C, 64.46; H, 3.91; N, 12.53; found: C,
64.57; H, 3.88; N, 12.50.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(2-nitrophenyl)urea (eGrange powder, 70% yield, mp.
253-255 °C; IR: 3323, 3286, 3126, 2953, 1697, 1492, 1332, 1266 ¢kh NMR (DMSO-s,

300 MHz)s/ppm: 7.12 (1H, s, b, 7.24-7.33 (3H, m, kk.»), 7.57-7.60 (2H, m, 9, 7.67 (1H,

dd, J;=1.2 Hz;3,=7.0 Hz, H), 7.73 (1H, td1=1.4 Hz;J,=7.1 Hz, H»), 8.12 (1H, ddJ,=1.4 Hz;
J,=8.5 Hz, Hy), 8.32 (1H, ddJ;=1.2 Hz;J,=8.5 Hz, H3), 9.92 (1H, s, NH), 12.18 (1H, s, NH);

3C NMR (DMSOds, 75 MHz) é/ppm: 103.2(C-3), 110.5(C-14), 111.7(C-7), 119.8(C-23),
122.1(C-4), 123.6(C-5), 124.0(C-6), 125.4(C-20), 126.2(C-21), 129.1(C-9), 134.3(C-18),
135.8(C-22), 138.7(C-19), 141.1(C-10), 152.1(C-2), 152.3(C-16), 154.8(C-8), 160.4(C-12); LC-
MS (m/z) 380.85 [MH]. Anal. Calcd. for GgH12N4O4S: C, 56.84; H, 3.18; N, 14.73; found: C,
56.92; H, 3.14; N, 14.77.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(3-nitrophenyl)urea (e®ellowish powder, 65% yield,

mp. 257-259 °C; IR: 3325, 3210, 3151, 2980, 1691, 1527, 1344, 1294, 1246 "ehiNMR
(DMSO-ds, 300 MHz) o/ppm: 7.16 (1H, s, ), 7.25-7.37 (2H, m, kb, 7.59-7.65 (3H, m,

H7 1429, 7.69 (1H, dJ=8.2 Hz, H), 7.82 (1H, dJ=8.2 Hz, H3), 7.91 (1H, ddJ;=1.5 Hz;J,=8.2

Hz, Hyy), 8.58 (1H, s, hb), 9.46 (1H, s, NH), 11.20 (1H, s, NH}*C NMR (DMSO+s, 75 MHz)
slppm: 103.2(C-3), 110.5(C-14), 111.7(C-7), 113.4(C-19), 118.0(C-21), 122.1(C-4), 124.0(C-5),
125.4(C-9), 125.7(C-6), 129.1(C-23), 130.9(C-22), 140.4(C-18), 140.9(C-10), 148.7(C-20),
152.3(C-2), 152.4(C-16), 154.8(C-8), 160.3(C-12); LC-M8z} 381.22 [MH]. Anal. Calcd. for
Ci18H12N4O4S: C, 56.84; H, 3.18; N, 14.73; found: C, 56.90; H, 3.15; N, 14.70.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(4-nitrophenyl)urea (e&)ellowish powder, 85% yield,

mp. 304-306 °C; IR: 3466, 3213, 3126, 2976, 1693, 1560, 1512, 1330, 1298, 1253dm
NMR (DMSO-ds, 300 MHz)o/ppm: 7.16 (1H, s, b), 7.25-7.36 (2H, m, kk), 7.60-7.63 (2H, m,
H714), 7.68 (1H, dJ=7.6 Hz, H), 7.75 (2H, dJ=9.1 Hz, Hg 23, 8.23 (2H, dJ=9.1 Hz, Ho 29,

9.63 (1H, s, NH), 11.16 (1H, s, NH)!*C NMR (DMSOds, 75 MHz) é/ppm: 103.2(C-3),
110.7(C-14), 111.7(C-7), 118.9(C-19,23), 122.1(C-4), 124.0(C-5), 125.4(C-20,22), 125.8(C-6),
129.1(C-9), 141.2(C-10), 142.5(C-21), 145.6(C-18), 152.0(C-2), 152.3(C-16), 154.8(C-8),
160.1(C-12); LC-MSrf/z) 380.89 [MH]. Anal. Calcd. for GgH1-N4O4S: C, 56.84; H, 3.18; N,
14.73; found: C, 56.89; H, 3.13; N, 14.76.
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1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(2-fluorophenyl)urea (eSGyeam powder, 85% yield, mp.
273-275 °C; IR: 3203, 3113, 3087, 2954, 1701, 1519, 1280, 1257 ¢mh NMR (DMSO-ds,

300 MHz) é/ppm: 7.10-7.23 (3H, m, $$129, 7.25-7.37 (3H, m, kk 29, 7.59 (1H, s, Hy), 7.64

(1H, d,J=8.2 Hz, H), 7.69 (1H, dJ=7.9 Hz, H), 8.15 (1H, tdJ;=1.8 Hz;J,=8.2 Hz, H3), 8.99

(1H, s, NH), 11.15 (1H, s, NH}’C NMR (DMSOds, 75 MHz)d/ppm: 103.2(C-3), 110.3(C-14),
111.7(C-7), 115.7(C-20), 116.0(C-18), 121.5(C-4), 122.1(C-23), 124.0(C-5), 124.4(C-6),
125.4(C-9), 126.9(C-22), 127.1(C-21), 129.1(C-10), 140.9(C-2), 151.9(C-16), 152.3(C-8),
154.8(C-19), 160.4(C-12); LC-MS1(z) 354.20 [MH]. Anal. Calcd. for GgH1oFN3O.S: C,
61.18; H, 3.42; N, 11.89; found: C, 61.23; H, 3.39; N, 11.87.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(3-fluorophenyl)urea (eX®)eam powder, 80% yield, mp.
293-295 °C; IR: 3258, 3205, 3116, 2962, 1689, 1573, 1516, 1294, 1255'eMNMR (DMSO-

ds, 300 MHz)d/ppm: 6.86 (1H, td);=1.8 Hz;J,=8.2 Hz, H1), 7.12 (1H, s, K), 7.17-7.38 (4H,

m, Hs 61423, 7.48 (1H, dtJ;=2.0 Hz;J,=11.4 Hz, H,), 7.56 (1H, s, hb), 7.59 (1H, d,J=8.5 Hz,

H,), 7.67 (1H, ddJ=1.2 Hz;J,=8.5 Hz, H), 9.14 (1H, s, NH), 10.96 (1H, s, NHJC NMR
(DMSO-ds, 75 MHz) d/ppm: 103.2(C-3), 106.0(C-14), 106.3(C-7), 109.8(C-4), 110.4(C-19),
111.7(C-21), 115.2(C-23), 122.1(C-5), 124.0(C-6), 125.4(C-9), 129.1(C-22), 131.2(C-18),
131.3(C-10), 140.8(C-2), 152.1(C-16), 152.4(C-8), 154.8(C-20), 160.4(C-12); LCAMB (
354.16 [MH]. Anal. Calcd. for GgH1,FNsO,S: C, 61.18; H, 3.42; N, 11.89; found: C, 61.13; H,
3.45; N, 11.93.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(4-fluorophenyl)urea (eMite powder, 80% vyield, mp.
264-266 °C; IR: 3266, 3224, 3132, 2958, 1685, 1520, 1269, 1255 ¢mh NMR (DMSO-ds,

300 MHz)d/ppm: 7.12 (1H, s, §J, 7.17 (2H, dJ=8.8 Hz, Ho 29, 7.22-7.33 (2H, m, kk), 7.41-

7.52 (2H, m, Ho29, 7.54 (1H, s, Ky, 7.59 (1H, d,J=8.2 Hz, H), 7.65 (1H, ddJ;=0.9 Hz;
J,=7.5 Hz, H), 8.95 (1H, s, NH), 10.90 (1H, s, NH)*C NMR (DMSO4ds, 75 MHz) s/ppm:
103.1(C-3), 110.2(C-14), 111.7(C-7), 116.0(C-22), 116.3(C-20), 120.6(C-23), 121.4(C-19),
121.5(C-4), 122.1(C-5), 123.9(C-6), 125.3(C-9), 129.1(C-18), 135.3(C-10), 140.8(C-2), 152.3(C-
16), 152.4(C-8), 154.8(C-21), 160.6(C-12); LC-M8V/%) 352.79 [M]. Anal. Calcd. for
CisH12FN3O,S: C, 61.18; H, 3.42; N, 11.89; found: C, 61.21; H, 3.46; N, 11.91.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(3-chlorophenyl)urea (el®@jhite solid, 90% yield, mp.
244-246 °C; IR: 3441, 3192, 3110, 2989, 1693, 1573, 1286, 1259 ¢hh NMR (DMSO-Us,
300 MHz)d/ppm: 7.06-7.10 (1H, m, H), 7.12 (1H, s, B), 7.24-7.33 (4H, m, kk 2223, 7.56 (1H,
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S, H), 7.59 (1H, dJ=7.6 Hz, H), 7.65 (1H, dd,;=1.2 Hz;J,=7.6 Hz, H), 7.70 (1H, s, hb),

9.11 (1H, s, NH), 10.99 (1H, s, NH)®*C NMR (DMSOds, 75 MHz) s/[ppm: 103.2(C-3),
110.4(C-14), 111.7(C-7), 117.9(C-23), 118.8(C-4), 122.1(C-5), 123.2(C-19), 124.0(C-6),
125.4(C-21), 129.1(C-9), 131.2(C-22), 133.9(C-20), 140.6(C-18), 140.9(C-10), 152.2(C-2),
152.4(C-16), 154.8(C-8), 160.4(C-12); LC-MSn/g) 370.09 [MH]. Anal. Calcd. for
Ci18H12CIN3O,S: C, 58.46; H, 3.27; N, 11.36; found: C, 58.50; H, 3.24; N, 11.39.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(4-chlorophenyl)urea (eMhite powder, 80% yield, mp.
294-296 °C; IR: 3228, 3112, 3047, 2953, 1689, 1510, 1497, 1269, 1253'EMNMR (DMSO-

ds, 300 MHz)d/ppm: 7.15 (1H, s, k), 7.25-7.37 (2H, m, kk), 7.40 (2H, dJ=9.0 Hz, Ho 22,

7.55 (2H, d,J=8.8 Hz, Hg>9, 7.59 (1H, s, H), 7.62 (1H, ddJ;=1.2 Hz;J,=8.2 Hz, H), 7.69

(1H, dd,J;=1.2 Hz;J,=7.3 Hz, H), 9.09 (1H, s, NH), 10.97 (1H, s, NHYC NMR (DMSO«,

75 MHz) é/ppm: 103.1(C-3), 110.3(C-14), 111.7(C-7), 121.0(C-19,23), 122.1(C-4), 123.9(C-5),
125.4(C-6), 127.1(C-20,22), 129.1(C-9), 129.4(C-21), 138.1(C-18), 140.8(C-10), 152.1(C-2),
152.4(C-16), 154.8(C-8), 160.4(C-12); LC-MSn/g) 370.08 [MH]. Anal. Calcd. for
Ci18H12CIN3O,S: C, 58.46; H, 3.27; N, 11.36; found: C, 58.52; H, 3.22; N, 11.34.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(3,4-dichlorophenyl)urea (eX2heam powder, 85% vyield,

mp. 285-287 °C; IR: 3242, 3116, 3053, 2949, 1701, 1517, 1284, 1253 #inNMR (DMSO-

ds, 300 MHz)d/ppm: 7.15 (1H, s, b, 7.24-7.36 (2H, m, kk), 7.42 (1H, dd});=2.4 Hz;J,=8.8

Hz, Hy3), 7.57 (1H, s, H), 7.60-7.63 (2H, m, kby), 7.69 (1H, dd;=0.9 Hz;J,=6.7 Hz, H),

7.90 (1H, dJ=2.3 Hz Hg), 9.23 (1H, s, NH), 11.14 (1H, s, NH}*C NMR (DMSO+s, 75 MHz)
slppm: 103.2(C-3), 110.5(C-14), 111.7(C-7), 119.7(C-4), 120.6(C-22), 122.1(C-23), 124.0(C-5),
125.0(C-6), 125.4(C-9), 129.1(C-19), 131.4(C-21), 131.8(C-20), 139.3(C-18), 140.9(C-10),
152.1(C-2), 152.4(C-16), 154.8(C-8), 160.3(C-12); LC-M8z} 404.10 [MH]. Anal. Calcd. for
C18H11CIbN3OLS: C, 53.48; H, 2.74; N, 10.39; found: C, 53.53; H, 2.78; N, 10.37.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(4-bromophenyl)urea (eV8hite powder, 80% yield, mp.
291-293 °C; IR: 3230, 3128, 3061, 2951, 1685, 1512, 1490, 1273, 1253'eMNMR (DMSO-

ds, 300 MHz)d/ppm: 7.12 (1H, s, B, 7.22-7.33 (2H, m, k), 7.45 (2H, dJ=9.7 Hz, Ho2),

7.50 (2H, d,J=9.7 Hz, Ho29, 7.55 (1H, s, k), 7.59 (1H, dJ=7.9 Hz, H), 7.65 (1H, dJ=7.6

Hz, Hi), 9.06 (1H, s, NH), 10.94 (1H, s, NH}*C NMR (DMSO4ds, 75 MHz)s/ppm: 103.3(C-

3), 110.5(C-14), 111.9(C-7), 115.3(C-21), 118.8(C-19), 118.9(C-23), 121.6(C-4), 122.3(C-20),
124.2(C-22), 125.6(C-6), 129.3(C-9), 132.5(C-5), 138.7(C-18), 141.1(C-10), 152.3(C-2),
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152.6(C-16), 155.0(C-8), 160.6(C-12); LC-MSn/g) 414.13 [MH]. Anal. Calcd. for
CigH12BIN3O,S: C, 52.19; H, 2.92: N, 10.14; found: C, 52.15: H, 2.95; N, 10.16.

1-(4-(benzofuran-2-yl)thiazol-2-yl)-3-(4-iodophenyl)urea (e18jhite powder, 68% yield, mp.
254-256 °C; IR: 3228, 3113, 3055, 2955, 1687, 1512, 1495, 1292, 1255'enNMR (DMSO-

ds, 300 MHz)d/ppm: 7.14 (1H, s, k), 7.24-7.37 (4H, m, bk 2022), 7.57 (1H, s, K, 7.61 (2H,

dd, J;=2.6 Hz;J,=8.2 Hz, H ), 7.68 (2H, dd}i=2.4 Hz;J,=8.5 Hz, Hg>3, 9.04 (1H, s, NH),
10.92 (1H, s, NH)**C NMR (DMSO+s, 75 MHz)s/ppm: 86.8(C-21), 103.1(C-3), 110.3(C-14),
111.7(C-7), 121.6(C-4), 122.0(C-19,23), 123.9(C-5), 125.3(C-6), 129.1(C-9), 138.1(C-20,22),
139.0(C-18), 140.9(C-10), 152.1(C-2), 152.4(C-16), 154.8(C-8), 160.4(C-12); LCAME (
462.10 [MH]. Anal. Calcd. for GgH12IN30,S: C, 46.87; H, 2.62; N, 9.11; found: C, 46.84; H,
2.65; N, 9.13.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(2-methoxyphenyl)urea (eGfgenish powder,
70% yield, mp. 271-273 °C; IR: 3242, 3120, 3060, 2935, 1697, 1523, 1282, 1257HtMMR
(DMSO-ds, 300 MHz)d/ppm: 3.87 (3H, s, -OCH)l, 6.89-7.06 (3H, m, k2123, 7.1 (1H, s, H),

7.44 (1H, dd=2.1 Hz;J,=8.8 Hz, H), 7.57 (2H, tJ=4.1 Hz, H 14, 7.86 (1H, dJ=2.1 Hz,

H.3), 8.10 (1H, dJ=9.0 Hz, H), 8.75 (1H, s, NH), 11.37 (1H, s, NHC NMR (DMSOds, 75

MHz) &/ppm: 56.5(-OCH), 102.6(C-3), 111.0(C-14), 111.6(C-20), 113.7(C-7), 116.2(C-5),
119.2(C-23), 121.3(C-22), 123.7(C-4), 124.4(C-18), 127.8(C-21), 128.1(C-6), 131.5(C-9),
140.3(C-10), 148.6(C-19), 152.0(C-2), 153.6(C-16), 153.7(C-8), 160.7(C-12); LCAVE (
444.26 [MH]. Anal. Calcd. for GoH14BrNsOsS: C, 51.36; H, 3.18; N, 9.46; found: C, 51.33; H,
3.14; N, 9.49.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(3-methoxyphenyl)urea (eM3llow powder,
78% vyield, mp. 264-266 °C: IR: 3266, 3217, 3107, 2953, 1691, 1525, 1290, 1255KMMR
(DMSO-ds, 300 MHZz)d/ppm: 3.75 (3H, s, -OC#)l, 6.62 (1H, ddJ:=2.3 Hz;J,=8.2 Hz, H,),

6.97 (1H, dJ=7.9 Hz, B3, 7.10 (1H, s, B, 7.16 (1H, tJ=2.3 Hz, H), 7.21 (1H, tJ=8.2 Hz,

Hyo), 7.44 (1H, dd));=2.0 Hz;J,=8.8 Hz, H), 7.57 (1H, s, kk), 7.60 (1H, s, kb), 7.86 (1H, d,
J=2.0 Hz, H), 8.94 (1H, s, NH), 10.84 (1H, s, NH)}*C NMR (DMSO4ds, 75 MHz) é/ppm:
55.7(-OCH), 102.7(C-3), 105.2(C-14), 109.1(C-9), 111.2(C-7), 111.7(C-23), 113.7(C-5),
116.2(C-21), 118.6(C-4), 124.4(C-22), 127.9(C-6), 130.5(C-9), 131.4(C-18), 140.1(C-10),
140.3(C-2), 152.1(C-16), 153.6(C-8), 153.8(C-20), 160.3(C-12); LC-M&)(444.08 [MH].

Anal. Calcd. for GgH14BrN3OsS: C, 51.36; H, 3.18; N, 9.46; found: C, 51.38; H, 3.20; N, 9.43.
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1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(4-methoxyphenyl)urea (€lrf@am powder, 75%
yield, mp. 260-262 °C; IR: 3269, 3211, 3115, 2937, 1685, 1525, 1274, 1255 B NMR
(DMSO-ds, 300 MHz) do/ppm: 3.72 (3H, s, -OC#)l, 6.83 (1H, d,J=7.6 Hz, Hg), 6.89 (2H, d,
J=7.9 Hz, Ho22, 7.10 (1H, s, K, 7.31 (1H, dJ)=7.9 Hz, H3), 7.38 (1H, dJ)=7.9 Hz, H), 7.43

(1H, d,J=8.8 Hz, H), 7.57 (1H, s, kk), 7.86 (1H, s, W), 8.75 (1H, s, NH), 10.79 (1H, s, NH);

3C NMR (DMSO4ds, 75 MHz) d/ppm: 55.8(-OCH), 102.6(C-3), 111.1(C-14), 113.7(C-7),
114.7(C-20,22), 116.2(C-5), 121.4(C-19,23), 124.4(C-4), 127.8(C-6), 131.5(C-9), 131.9(C-18),
133.7(C-10), 140.3(C-2), 152.3(C-16), 153.6(C-8), 155.9(C-21), 160.8(C-12); LCaME (
444.16 [MH]. Anal. Calcd. for GoH14BrNsOsS: C, 51.36; H, 3.18; N, 9.46; found: C, 51.39; H,
3.15; N, 9.49.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(p-tolyl)urea (e2Djeam powder, 80% yield, mp.
277-279 °C; IR: 3259, 3199, 3113, 2914, 1685, 1520, 1319, 1295, 1257'"EMNMR (DMSO-

ds, 300 MHz)d/ppm: 2.24 (3H, s, 4-C), 7.10 (1H, s, k), 7.12 (2H, dJ=8.5 Hz, Ho 1), 7.35

(2H, d,J=8.5 Hz, Hg 29, 7.44 (1H, dd),=2.0 Hz;J,=8.8 Hz, H), 7.57 (1H, s, k), 7.59 (1H, d,
J=8.8 Hz, H), 7.86 (1H, d,J=2.0 Hz, H), 8.83 (1H, s, NH), 10.81 (1H, s, NHY¥C NMR
(DMSO-ds, 75 MHz) 6/ppm: 21.0(-CH), 102.6(C-3), 111.2(C-5), 113.7(C19,23), 116.2(C-14),
119.5(C-7), 124.4(C-4), 127.8(C-20,22), 130.0(C-9), 131.5(C-6), 132.6(C-18), 136.4(C-21),
140.3(C-10), 152.1(C-2), 153.6(C-16), 153.7(C-8), 160.7(C-12); LC-M&)(428.69 [MH].

Anal. Calcd. for GgH12BrNsO.S: C, 53.28; H, 3.29; N, 9.81; found: C, 53.25; H, 3.27; N, 9.85.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-phenylurea (eZlneam powder, 72% vyield, mp.
329-331 °C; IR: 3232, 3200, 3111, 2943, 1695, 1519, 1498, 1274, 12524rMR (DMSO-

ds, 300 MHz)d/ppm: 7.04 (1H, tJ=7.3 Hz, B4), 7.10 (1H, s, K), 7.25-7.38 (2H, m, k>),
7.41-7.53 (3H, m, kho23, 7.56 (1H, s, Hy), 7.59 (1H, s, B), 7.86 (1H, dJ=2.0 Hz, H), 8.92

(1H, s, NH), 10.83 (1H, s, NH}’C NMR (DMSOds, 75 MHz)d/ppm: 102.6(C-3), 111.2(C-14),
113.7(C-7), 116.2(C-5), 119.4(C-19,23), 123.6(C-4), 124.4(C-21), 127.8(C-20,22), 129.6(C-6),
131.5(C-9), 139.0(C-18), 140.3(C-10), 152.1(C-2), 153.6(C-16), 153.7(C-8), 160.7(C-12); LC-
MS (m/z) 414.77[MH]. Anal. Calcd. for GgH1:BrNz0,S: C, 52.19; H, 2.92; N, 10.14; found: C,
52.28; H, 2.87; N, 10.11.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(2-nitrophenyl)urea (eZxeenish powder, 82 %
yield, mp. 337-339 °C; IR: 3254, 3206, 3115, 2960, 1695, 1525, 1348, 1280, 1259'em
NMR (DMSO-ds, 300 MHz)d/ppm: 7.11 (1H, s, k), 7.28 (1H, tJ=7.3 Hz, H;), 7.44 (1H, dd,
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J1=2.0 Hz;J,=8.8 Hz, H), 7.57 (1H, dJ=8.8 Hz, W), 7.64 (1H, s, kL), 7.74 (1H, tJ=7.3 Hz,

Hzo), 7.87 (1H, dJ=1.8 Hz, H), 8.12 (1H, dJ=8.2 Hz, Hy), 8.30 (1H, dJ=8.2 Hz, H3), 9.91

(1H, s, NH), 12.18 (1H, s, NH}’C NMR (DMSOds, 75 MHz)d/ppm: 102.6(C-3), 111.2(C-14),
113.7(C-7), 116.2(C-5), 119.4 (C-6), 123.6(C-18), 124.4(C-4), 127.8(C-21), 129.6(C-20,22),
131.5(C-9), 139.0(C-19,23), 140.3(C-10), 152.1(C-2), 153.6(C-16), 153.7(C-8), 160.7(C-12);
LC-MS (m/z) 459.02 [MH]. Anal. Calcd. for GgH11BrN4O4S: C, 47.07; H, 2.41; N, 12.20;
found: C, 47.18; H, 2.45; N, 12.22.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(3-nitrophenyl)urea (e28jeam powder, 80%
yield, mp. 292-294 °C; IR: 3331, 3280, 3095, 2940, 1699, 1552, 1520, 1325, 1284, 1247 cm
'H NMR (DMSO-dg, 300 MHz)é/ppm: 7.10 (1H, s, k), 7.42 (1H, ddJ;=1.8 Hz;J,=8.5 Hz,

H;), 7.57 (2H, dJ=8.5 Hz, K 21), 7.62 (1H, s, k), 7.73-7.89 (3H, m, kh22), 8.53 (1H, s, hb),

9.42 (1H, s, NH), 11.11 (1H, s, NH)*C NMR (DMSO4ds, 75 MHz) s/ppm: 102.7(C-3),
111.5(C-14), 113.4(C-7), 113.7(C-19), 116.2(C-5), 118.0(C-21), 124.4(C-4), 125.3(C-23),
125.6(C-22), 127.8(C-6), 130.8(C-9), 131.4(C-18), 140.4(C-10), 148.7(C-20), 152.2(C-2),
153.0(C-16), 153.6(C-8), 160.6(C-12); LC-MSn/g) 459.07 [MH]. Anal. Calcd. for
Ci1gH11BrN4O4S: C, 47.07; H, 2.41; N, 12.20; found: C, 47.14; H, 2.43; N, 12.25.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(4-nitrophenyl)urea (e23jange powder, 85%
yield, mp. 337-339 °C; IR: 3367, 3338, 3122, 2962, 1703, 1517, 1506, 1295, 1755'em
NMR (DMSO-ds, 300 MHz)d/ppm: 7.11 (1H, s, k), 7.42 (1H, dd,J;=2.0 Hz;J,=8.5 Hz, H),

7.55 (1H, d,J=8.8 Hz, H), 7.63 (1H, s, K, 7.70 (2H, dJ=9.0 Hz, Hg 3, 7.84 (1H, dJ=2.0

Hz, Hy), 8.18 (2H, d,J=9.0 Hz, K02, 9.60 (1H, s, NH), 11.08 (1H, s, NHYC NMR (DMSO-

ds, 75 MHz)d/ppm: 102.7(C-3), 111.5(C-14), 113.5(C-7), 113.7(C-5), 116.2(C-19,23), 118.0(C-
4), 124.5(C-20,22), 125.7(C-6), 127.9(C-9), 130.9(C-10), 131.5(C-21), 140.4(C-2), 148.7(C-18),
152.3(C-16), 153.6(C-8), 160.4(C-12); LC-MSn/g) 459.59 [MH]. Anal. Calcd. for
Ci1gH11BrN4O4S: C, 47.07; H, 2.41; N, 12.20; found: C, 47.16; H, 2.40; N, 12.23.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(2-fluorophenyl)urea (e2Bhite powder, 87%
yield, mp. 346-348 °C; IR: 3270, 3209, 3113, 2947, 1689, 1521, 1284, 1257 #NMR
(DMSO-ds, 300 MHz) d/ppm: 7.07-7.17 (3H, m, 4$12), 7.27 (1H, td,J;=1.5 Hz;J,=8.2 Hz,
Hao), 7.43 (1H, ddJ;=2.0 Hz;J,=8.5 Hz, H), 7.58 (1H, d,)=8.8 Hz, H), 7.61 (1H, s, L), 7.86
(1H, d,J=2.0 Hz, H), 8.11 (1H, td 1=1.8 Hz;J,=8.2 Hz, Hs), 8.94 (1H, s, NH), 11.09 (1H, s,
NH); **C NMR (DMSO+g, 75 MHz)d/ppm: 102.8(C-3), 111.7(C-14), 113.7(C-7), 116.3(C-20),

18



118.6(C-5), 118.9(C-18), 124.5(C-23), 125.8(C-4), 127.9(C-22), 131.5(C-21), 140.5(C-6),
142.2(C-9), 142.5(C-10), 145.6(C-2), 146.3(C-16), 152.3(C-8), 153.7(C-19), 160.3(C-12); LC-
MS (m/z) 431.83 [MH]. Anal. Calcd. for GgH1:BrFN;O,S: C, 50.01; H, 2.56; N, 9.72; found:

C, 50.12; H, 2.50; N, 9.70.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(3-fluorophenyl)urea (eZ&eam powder, 65%
yield, mp. 272-274 °C; IR: 3271, 3207, 3113, 2953, 1701, 1519, 1294, 1257 #¢tMNMR
(DMSO-ds, 300 MHz)6/ppm: 6.86 (1H, tdJ);=2.0 Hz; J,=8.5 Hz, H,), 7.10 (1H, s, K), 7.18

(1H, d,J=8.2 Hz, H3), 7.34 (1H, qJ=7.6 Hz, By), 7.41-7.50 (2H, m, kho), 7.58 (1H, dJ=8.5

Hz, He), 7.60 (1H, s, k), 7.86 (1H, dJ=1.8 Hz, H), 9.14 (1H, s, NH), 10.95 (1H, s, NH}C

NMR (DMSO-ds, 75 MHz) §/ppm: 102.7(C-3), 106.0(C-14), 106.3(C-7), 109.9(C-19), 110.1(C-
21), 111.3(C-5), 113.7(C-23), 115.2(C-4), 116.2(C-22), 124.4(C-6), 127.8(C-9), 131.1(C-18),
131.4(C-10), 140.3(C-2), 140.9(C-16), 152.1(C-8), 153.6(C-20), 160.5(C-12); LCAMVE (
432.19 [MH. Anal. Calcd. for GgH11BrFN3;O,S: C, 50.01; H, 2.56; N, 9.72; found: C, 50.09; H,
2.53; N, 9.89.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(4-fluorophenyl)urea (edhite powder, 62%
yield, mp. 258-260 °C; IR: 3278, 3109, 3080, 2951, 1697, 1527, 1276, 1259, 1207'em
NMR (DMSO-ds, 300 MHz)o/ppm: 7.08-7.21 (3H, m, 43029, 7.41-7.55 (3H, m, Fho 3, 7.61

(1H, s, Hy), 7.89 (1H, dJ=2.0 Hz, H), 8.75 (1H, s, &), 9.06 (1H, s, NH), 10.97 (1H, s, NH);

13C NMR (DMSO4ds, 75 MHz) d/ppm: 102.6(C-3), 111.2(C-14), 113.7(C-7), 116.0(C-5),
116.3(C-19,23), 121.4(C-4), 121.5(C-20,22), 124.5(C-9), 127.9(C-6), 131.5(C-21), 135.4(C-18),
140.3(C-10), 152.3(C-2), 153.7(C-16), 157.1(C-8), 160.7(C-12); LC-M&)(431.75 [MH].

Anal. Calcd. for GgH1;BrFN3O,S: C, 50.01; H, 2.56; N, 9.72; found: C, 50.10; H, 2.51; N, 9.70.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(3-chlorophenyl)urea (eZ8ange powder, 72%
yield, mp. 290-292 °C; IR: 3261, 3113, 3084, 2951, 1693, 1519, 1274, 1257 #mNMR
(DMSO-ds, 300 MHz)s/ppm: 7.10 (1H, s, b, 7.26-7.33 (3H, m, K 222, 7.43 (1H, ddJ);=2.0

Hz; J,=8.8 Hz, H), 7.57 (1H, dJ=8.8 Hz, H), 7.61 (1H, s, k), 7.70 (1H, s, &), 7.86 (1H, d,
J=1.8 Hz, Hg), 9.11 (1H, s, NH), 10.99 (1H, s, NH)}*C NMR (DMSOds, 75 MHZz) é/ppm:
102.7(C-3), 111.3(C-14), 111.4(C-7), 113.7(C-5), 116.2(C-23), 117.9(C-19), 118.6(C-4),
118.8(C-21), 123.2(C-22), 124.4(C-6), 127.8(C-9), 131.2(C-20), 131.4(C-18), 133.9(C-10),
140.6(C-2), 152.2(C-16), 153.6(C-8), 160.5(C-12); LC-M®zj 447.74 [MH]. Anal. Calcd. for
C18H11BrCIN3O,S: C, 48.18; H, 2.47; N, 9.36; found: C, 48.12; H, 2.45; N, 9.33.
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1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(4-chlorophenyl)urea (e2®hite powder, 58%
yield, mp. 306-308 °C; IR: 3269, 3196, 3128, 2997, 1693, 1610, 1525, 1282, 1242"em
NMR (DMSO-ds, 300 MHz)d/ppm: 7.10 (1H, s, k), 7.36 (2H, d,J=8.8 Hz, Hg ), 7.44 (1H, td,
J=1.8 Hz;J,=8.5 Hz, H), 7.51 (2H, d,J=8.8 Hz, Hg 23, 7.56 (1H, dJ=8.5 Hz, H), 7.60 (1H, s,

Hi4), 7.85 (1H, dJ=1.8 Hz, H), 9.07 (1H, s, NH), 10.92 (1H, s, NHfC NMR (DMSOds, 75

MHz) o/ppm: 102.7(C-3), 111.3(C-14), 113.7(C-7), 116.2(C-5), 121.0(C-19,23), 124.4(C-4),
127.2(C-20,22), 127.8(C-6), 128.4(C-9), 131.5(C-21), 138.0(C-18), 140.3(C-10), 152.1(C-2),
153.6(C-16), 153.7(C-8), 160.6(C-12); LC-MSn/g) 447.77 [MH]. Anal. Calcd. for
C18H11BrCIN3O,S: C, 48.18; H, 2.47; N, 9.36; found: C, 48.10; H, 2.44; N, 9.39.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(4-bromophenyl)urea (e30gllowish powder,

76% yield, mp. 315-317 °C; IR: 3242, 3190, 3107, 2947, 1693, 1521, 1497, 1311, 1276, 1257
cm?; *H NMR (DMSO-ds, 300 MHz)d/ppm: 7.10 (1H, s, b, 7.42 (1H, dJ=2.0 Hz, H), 7.46

(2H, d,J=8.8 Hz, Ho 22, 7.50 (2H, dJ=8.8 Hz, Hg 29, 7.58 (1H, dJ=8.8 Hz, H), 7.61 (1H, s,

Hi4), 7.86 (1H, dJ=2.0 Hz, H), 9.08 (1H, s, NH), 10.95 (1H, s, NH}’C NMR (DMSO4ds, 75

MHz) d/ppm: 102.7(C-3), 107.5(C-21), 111.3(C-14), 113.7(C-7), 115.1(C-5), 116.2(C-19,23),
121.4(C-4), 124.5(C-6), 127.9(C-20,22), 131.5(C-9), 132.3(C-18), 138.5(C-10), 140.3(C-2),
152.1(C-16), 153.6(C-8), 160.6(C-12); LC-MSn/g) 491.48 [MH]. Anal. Calcd. for
CigH11BraN3O,S: C, 43.84; H, 2.25; N, 8.52; found: C, 43.89; H, 2.20; N, 8.50.

1-(4-(5-bromobenzofuran-2-yl)thiazol-2-yl)-3-(4-iodophenyl)urea (e3ljhite powder, 67%
yield, mp. 311-313 °C; IR: 3252, 3192, 3118, 2967, 1695, 1525, 1350, 1278, 1252'em
NMR (DMSO-ds, 300 MHz)d/ppm: 7.13 (1H, s, ), 7.30 (2H, dJ=8.8 Hz, Ho29, 7.46 (1H,

dd, J;=2.0 Hz;J,=8.8 Hz, H), 7.60 (2H, d,J=8.8 Hz, Ho23, 7.64 (1H, s, H), 7.67 (1H, d,
J=8.8 Hz, H), 7.89 (1H, d,J=2.0 Hz, H), 9.05 (1H, s, NH), 10.92 (1H, s, NHY¥C NMR
(DMSO-ds, 75 MHz) o/ppm: 86.9(C-21), 102.7(C-3), 111.3(C-14), 113.7(C-7), 116.2(C-5),
121.6(C-19,23), 124.4(C-4), 127.8(C-6), 131.4(C-9), 138.1(C-20,22), 138.9(C-18), 140.3(C-10),
152.0(C-2), 153.6(C-16), 153.7(C-8), 160.5(C-12); LC-Mtzj 539.68 [MH]. Anal. Calcd. for
CigH11BrIN3O,S: C, 40.02; H, 2.05; N, 7.78; found: C, 40.10; H, 2.01; N, 7.82.

1-(4-methoxyphenyl)-3-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)urea (eB2pwn powder, 60%
yield, mp. 266-268 °C; IR: 3310, 3225, 3116, 2990, 1695, 1555, 1527, 1340, 1292, 1247 cm
'"H NMR (DMSO-ds, 300 MHz)d/ppm: 3.70 (3H, s, -OC#), 6.88 (2H, d,)=9.0 Hz, Ho2), 7.29
(1H, s, H), 7.36 (2H, d,)=9.0 Hz,1929, 7.61 (1H, s, k), 7.80 (1H, d,J=9.1 Hz, H), 8.16 (1H,
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d, J=9.1 Hz, H), 8.57 (1H, dJ=2.4 Hz, H), 9.31 (1H, s, NH), 10.98 (1H, s, NHC NMR
(DMSO-dg, 75 MHz)d/ppm: 55.8(-OCH), 103.6(C-3), 111.9(C-14), 112.5(C-7), 114.7(C-20,22),
118.3(C-4), 120.3(C-19,23), 121.1(C-6), 129.9(C-9), 132.0(C-18), 133.6(C-10), 139.7(C-5),
144.5(C-2), 152.3(C-16), 155.3(C-21), 157.5(C-8), 160.9(C-12); LC-M&)(411.17 [MH].

Anal. Calcd. for GgH14N4OsS: C, 55.60; H, 3.44; N, 13.65; found C, 55.68; H, 3.47; N, 13.62.

1-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)-3-phenylurea (e3Byown powder, 65% yield, mp.
264-266 °C; IR: 3325, 3260, 3121, 2952, 1701, 1497, 1330, 1310, 1276'EMNMR (DMSO-

ds, 300 MHz)o/ppm: 7.01 (1H, dJ=8.8 Hz, H), 7.30-7.39 (2H, m, k>, 7.41-7.48 (3H, m,
Hi92223, 7.64 (1H, s, k), 7.82 (1H, dJ=8.8 Hz, H), 8.18 (1H, dJ=8.8 Hz, H), 8.57 (1H, s,

Ha), 9.97 (1H, s, NH), 10.99 (1H, s, NH}}C NMR (DMSOds, 75 MHz) é/ppm: 102.8(C-3),
111.6(C-14), 113.8(C-7), 116.3(C-4), 118.2(C-6), 124.5(C-19), 125.7(C-23), 127.9(C-9),
129.0(C-21), 131.0(C-20), 131.5(C-22), 137.2(C-18), 140.4(C-10), 145.5(C-5), 148.8(C-2),
153.6(C-16), 153.7(C-8), 161.9(C-12); LC-MSn/g) 381.15 [MH]. Anal. Calcd. for
Ci1sH12N4O4S: C, 56.84; H, 3.18; N, 14.73; found C, 56.80; H, 3.14; N, 14.78.

1-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)-3-(4-nitrophenyl)urea (e38rown powder, 58%
yield, mp. 286-288 °C; IR: 3418, 3223, 3128, 2966, 1697, 1512, 1337, 1320, 1298, 1270 cm
'H NMR (DMSO-ds, 300 MHz)d/ppm: 7.33 (1H, s, ), 7.71 (2H, d,)=8.5 Hz, Hg>9J, 7.81 (1H,

d, J=8.5 Hz, H), 7.93 (1H, s, Hh), 8.16-8.22 (3H, m, kho29, 8.60 (1H, dJ=2.4 Hz, H), 9.96

(1H, s, NH), 11.25 (1H, s, NH)!*C NMR (DMSO4ds, 75 MHz) s/[ppm: 102.8(C-3), 111.7(C-

14), 113.8(C-7), 116.3(C-4), 118.6(C-19,23), 124.5(C-6), 125.8(C-20,22), 127.9(C-9), 131.5(C-
10), 142.2(C-21), 142.5(C-18), 145.7(C-5), 152.0(C-2), 152.5(C-16), 153.7(C-8), 160.3(C-12);
LC-MS (m/z) 426.10 [MH]. Anal. Calcd. for GgH11NsO6S: C, 50.82; H, 2.61; N, 16.46; found
C,50.89; H, 2.63; N, 16.42.

1-(4-fluorophenyl)-3-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)urea (e3&llowish powder, 54%
yield, mp. 213-215 °C; IR: 3410, 3270, 3113, 2976, 1697, 1517, 1338, 1278, 1257 em
NMR (DMSO-ds, 300 MHz)s/ppm: 7.14 (1H, t)=8.2 Hz, H), 7.26-7.39 (2H, m k), 7.46-

7.51 (2H, m, Ho29, 7.65 (1H, s, hk), 7.82 (1H, dJ=8.8 Hz, H), 8.18 (1H, dJ=8.8 Hz, ),

8.58 (1H, s, H), 10.32 (1H, s, NH), 11.25 (1H, s, NH}’*C NMR (DMSOds, 75 MHz) d/ppm:
102.6(C-3), 111.5(C-14), 113.2(C-7), 116.1(C-20,22), 117.3(C-4), 118.4(C-19,23), 121.2(C-6),
122.8(C-9), 128.7(C-18), 139.1(C-10), 143.1(C-5), 144.2(C-2), 151.2(C-16), 152.4(C-8),
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155.6(C-21), 160.8(C-12); LC-MS1(z) 399.11 [MH]. Anal. Calcd. for GgH1:FN4OsS: C,
54.27: H, 2.78; N, 14.06; found C, 54.21; H, 2.75; N, 14.09.

1-(4-chlorophenyl)-3-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)urea (e¥®llowish powder, 68%
yield, mp. 294-296 °C; IR: 3396, 3219, 3128, 2953, 1695, 1525, 1340, 1292, 1751'em
NMR (DMSO-ds, 300 MHz)s/ppm7.31 (1H, s, b, 7.35 (2H, d,J=8.8 Hz, Ho2), 7.50 (2H, d,
J=8.8 Hz, Ho 29, 7.66 (1H, s, H), 7.82 (1H, dJ=9.1 Hz, H), 8.17 (1H, d,J=9.1 Hz, H), 8.59

(1H, s, H), 9.83 (1H, s, NH), 11.15 (1H, s, NH)**C NMR (DMSO4ds, 75 MHz) é/ppm:
103.7(C-3), 112.1(C-14), 112.5(C-7), 118.3(C-4), 120.3(C-6), 120.9(C-19,23), 127.0(C-9),
129.4(C-20,22), 129.9(C-21), 138.2(C-18), 139.8(C-10), 144.5(C-5), 152.2(C-2), 155.3(C-16),
157.7(C-8), 160.6(C-12); LC-MSn{/z) 415.08 [MH]. Anal. Calcd. for GgH1:CIN4O.S: C,
52.12; H, 2.67; N, 13.51; found C, 52.19; H, 2.64; N, 13.54.

1-(4-bromophenyl)-3-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)urea (e3Bark brown powder,

54% vyield, mp. 234-236 °C; IR: 3466, 3230, 3121, 2982, 1701, 1550, 1515, 1342, 1292, 1253
cm™; H NMR (DMSO-ds, 300 MHz)s/ppm: 7.32 (1H, s, b, 7.44 (2H, dJ=7.0 Hz, Ho2),

7.50 (2H, dJ=7.0 Hz, He 29, 7.77 (1H, s, k), 7.94 (1H, dJ=9.0 Hz, H), 8.14 (1H, dJ=9.0

Hz, He), 8.55 (1H, s, W), 9.56 (1H, s, NH), 10.28 (1H, s, NH}’C NMR (DMSO4ds, 75 MHz)

slppm: 92.6(C-21), 103.8(C-3), 112.2(C-14), 112.5(C-7), 114.8(C-4), 118.3(C-6), 120.5(C-

19,23), 121.0(C-9), 129.9(C-20,22), 132.3(C-18), 139.8(C-10), 144.6(C-5), 152.3(C-2), 155.3(C-
16), 157.7(C-8), 160.5(C-12); LC-M$n(z) 459.04 [MH]. Anal. Calcd. for GgH1:BrN4O,S: C,

47.07; H, 2.41; N, 12.20; found C, 47.13; H, 2.45; N, 12.22.

1-(4-iodophenyl)-3-(4-(5-nitrobenzofuran-2-yl)thiazol-2-yl)urea (e3@8rown powder 60%
yield, mp. 239-241 °C; IR: 3418, 3211, 3121, 2967, 1695, 1512, 1340, 1278, 1255'm
NMR (DMSO-ds, 300 MHz)d/ppm: 7.17 (1H, dJ=1.4 Hz, H), 7.27-7.32 (2H, m, k>, 7.28

(2H, dd,J;=1.2 Hz;J,=8.8 Hz, Hg 29, 7.57 (1H, dJ=1.2 Hz, Hy), 7.79 (1H, dJ=8.2 Hz, H),

8.18 (1H, dtJ;=1.2 Hz;J,=8.0 Hz, H), 8.51 (1H, s, NH), 8.59 (1H, d=1.2 Hz, H), 8.83 (1H,

s, NH); *C NMR (DMSO«ds, 75 MHz) é/ppm: 85.0(C-21), 103.3(C-3), 106.8(C-14), 112.4(C-
7), 118.2(C-4), 120.8(C-6), 121.2(C-23), 122.4(C-19), 130.1(C-9), 137.5(C-22), 138.0(C-20),
140.9(C-18), 141.4(C-10), 144.6(C-5), 155.2(C-2), 155.8(C-16), 157.7(C-8), 160.6(C-12); LC-
MS (m/z) 507.04 [MH]. Anal. Calcd. for GgH11IN4O4S: C, 42.70; H, 2.19; N, 11.07; found C,
42.78; H, 2.15; N, 11.01.

4.2. Anticholinesterase activity assays
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Acetyl- (AChE) and butyryl-cholinesterase (BuChE) inhibitory activities of the synthesized
compounds were determined as previously reported [36]. Thg diCeach substance was
determined by constructing an absorbance and/or inhibition (%) curve at five different
concentrations (12.5, 25, 50, 100 and g®). ICs, values were calculated for a given antagonist

by determining the concentration needed to inhibit half of the maximum biological response of
the agonist. The substrates of the reaction were acetylthiocholine iodide and butyrylthiocholine
iodide. 5,5'-dithio-bis(2-nitrobenzoic) acid (DTNB) was used to measure anticholinesterase
activity. Stock solutions of the compounds and galanthamine in n-propanol were prepared at a
concentration of 4000 pg/mL. Aliquots of 150 pL of 100 mM phosphate buffer (pH 8.Q), 10

of sample solution and 20L AChE (2.476x10 U/uL) (or 3.1813x1d U/uL BChE) solution

were mixed and incubated for 15 min at 25°Cull®f DTNB solution was prepared by adding

2.0 mL of pH 7.0 and 4.0 mL of pH 8.0 phosphate buffers to a mixture of 1.0 mL of 16 mg/mL
DTNB and 7.5 mg/mL NaHC®in pH 7.0 phosphate buffers. The reaction was initiated by the
addition of 10uL (7.1 mM) acetylthiocholine iodide (or 0.79 mM butyrylthiocholine iodide). In

this method, the activity was measured by following the yellow colour produced as a result of the
thio anion produced by reacting the enzymatic hydrolysis of the substrate with DTNB. The
samples were prepared at an initial concentration of 400Ghen were diluted with propyl
alcohol which was also, used as a control solvent. The hydrolysis of the substrates was monitored
using a BioTek Power Wave XS at 412 nm.

4.3. Antioxidant activity assays

In the CUPRAC assay, absorbance values were used to calculatg;ghehfereas inhibition (%)
values were used in the in ABTS assay to calculate the IC

ABTS ™ scavenging activities of the synthesized compounds were determined as previously
reported [42]. The solution of ABTSradical was generated by dissolving 19.2 mg of 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) (7 mM ABTS) and 3.3 a&® in distilled water

(5 mL). This solution was kept in dark for 24 hours at room temperature, and absorbance of the
solution was fixed to ~0.70 at 734 nm by dilution. Solutions of the samples were prepared in n-
propanol at a concentration of 1000 ug/mL. Absorbance was measured at room temperature at
734 nm, after 6 minutes from ABTSaddition. Decrease in the absorption was used to calculate
the activities. The results were expressed gs RZopyl alcohol was used as a control solvent.

Cupric reducing antioxidant capacities of the synthesized compounds were determined in

accordance with the literature method [43]. Solutions of the compounds and standards were
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prepared in n-propanol at a concentration of 1000 pg/mL. Different volumes (1000 mg/L and
54.5 mL) of the sample were added to a solution prepared by adding 61.0 pL of 10 myyl CuCl
61.0 pL 7.5 mM neocuproine and 61.0 pL of 1.0 mM48H;COO buffer (pH 7), respectively.
Absorbance was measured at room temperature at 450 nm, after an hour. The results were

calculated as feo Propyl alcohol was used as a controls.

4.4. Docking

3D structures of the ligands were built and energy-minimized using Sybyl v8.1 (Tripos, Inc., St.
Louis, MO) on an Intel (Xeon 4 core, HP Z820) using Linux 6 operating system. The crystal
structures otorpedo califonicaAchE protein (PDB code: 1ACJ) and human BuchE (pdb code:
1POM) were retrieved from the Protein Data Bank. Docking and scpengewere performed

using MolDock Optimizer and MolDock Grid, respectively, as implemented within Molegro
Virtual Docker (version 6). The hardware used was Intel Core i7, with 16 GB ram memory using
Linux/Ubuntu 10.04 operating system [48]. Only side-chain torsional angles were allowed to
relax during energy minimization. The protein backbone was kept rigid and a new receptor
conformation was generated for each pose after docking with flexible side chains. 30 runs for
each molecule were carried out with a population size of 50, maximum iteration of 2000, scaling
factor of 0.50, crossover rate of 0.90 and a variation-based termination scheme.
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Figure captions

Figure 1. Structures of well-known cholinesterase inhibitors.

Figure 2. Design strategy of the reported compounds.

Figure 3. Superimposition of the best binding modegbfe38into the gorge of AChE.

Figure 4. Best pose o€25in the AChE active site. (a) 2D diagrame#f5and protein residue
contacts by LigPlot (b) Side chain amino acids are shown as 828ss shown as stick by
PyMol. In both figures H bond interactions are shown dotted lines.

Figure 5. Best pose 0o€38in the BUChE active site. (a) 2D diagrame@8and protein residue
contacts by LigPlot (b) Side chain amino acids are shown as 8883s shown as stick by

PyMol. In both figures H bond interactions are shown as dotted lines.
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Tables

Table 1. In vitro inhibition 1Gspand Ay 5o values (LM) and selectivity of compourels
e38for AChE and BUChE and antioxidant activities.

R N K

1 N~ N

W Tor @Rz
o 2

e1-e38

AChE BuChE Selectivity ABTS™ CUPRAC Ao 50
Compound ROR ICso (UM)° ICso (UM)° index’ ICso (UM)° (M)
el H 2-OCH, 60.97 £0.01 81.28 £0.02 1.33 47.43 £5.42 >200
e2 H 3-OCH, 48.90 +0.01 59.56 + 0.05 1.22 0.2+£0.03 104.46 £0.15
e3 H 4-OCH; 52.47 £0.02 74.26 £0.03 1.42 17.37 £ 1.83 146.34 £0.02
e4 H 4-CHy 10.40 £ 0.50 56.32 £0.10 5.41 05+0.1 192.91 £0.01
e5 H H 24.72 +0.23 21.26 £0.01 0.86 28.19+1.74 132.00 £ 0.05
e6 H 2-NG, 41.91 +0.42 79.93 £0.40 1.91 20.26 £0.14 100.33 £0.03
e7 H 3-NG, 41.19 £0.02 26.81 +£0.36 0.65 1.26+0.5 >200
e8 H 4-NO, 5.23+1.86 3.44+£0.12 0.66 19.27 +5.66 >200
e9 H 2-F 30.92 +0.03 41.66 +0.23 1.35 2.63+0.16 102.43 +£0.06
el0 H 3-F 48.99 +0.21 17.98 £ 0.03 0.37 452 +0.58 126.52 £ 0.05
ell H 4-F 55.03+0.12 7.45+0.15 0.14 1.13£0.02 110.31£0.04
el2 H 3-Cl 9.67 +0.54 21.52 +0.65 2.22 14.12 +2.17 >200
el3 H 4-Cl 42,55 +1.52 38.58 £2.27 0.91 11.23+2.95 >200
eld H 3,4-di-Cl 52.03£0.23 75.60 £0.36 1.45 >200 >200
el5s H 4-Br 32.82 £0.03 55.18 +0. 06 1.68 >200 >200
el6 H 4-| 21.35+0.06 41.27 £0.03 1.93 61.98 £1.42 133.0 £ 0.06
el7 Br 2-OCH, 78.85 +0.69 154.08 +£0.32 1.95 77.23 £0.89 92.68 +0.06
els Br 3-OCH, 29.42 £0.85 13.95+0.28 0.47 >200 >200
el9 Br 4-OCH 32.75£0.53 30.97 £0.98 0.95 >200 >200
e20 Br 4-CHy 32.49 £0.07 5.65 +0.09 0.17 >200 >200
e2l Br H 23.35+0.36 35.03 £0.42 1.50 >200 >200
e22 Br 2-NG, 8.82+0.76 5.12 +0.08 0.58 165.92 +0.33 122.22 +0.03
e23 Br 3-NG, 17.45 +£0.32 78.97 £0.93 4.53 158.83 £ 0.80 >200
e24 Br 4-NO, 4,78 +0.08 3.12+0.04 0.65 >200 120.74 +£0.05
e25 Br 2-F 3.85+0.96 9.25 +0.65 2.40 >200 >200
e26 Br 3-F 29.38 £0.23 40.16 +0.32 1.37 >200 >200
e27 Br 4-F 35.62 +£0.10 64.32 £0.22 1.81 >200 146.78 £ 0.04
e28 Br 3-Cl 7.93 £0.52 26.32+£0.78 3.32 >200 >200
e29 Br 4-Cl 22.23 +£0.02 36.93 +£0.03 1.66 >200 >200
e30 Br 4-Br 11.94 £0.05 35.81 £0.07 3.00 >200 >200
e3l Br 4- 6.42 +0.12 43.63 £0.42 6.80 >200 >200
e32 NO, 4-OCH 34.08 £0.03 49.24 +0.02 1.44 120.99 £ 0.20 >200
e33 NO, H 4.42 +£0.05 2.26 +0.08 0.51 183.47 £ 0.00 >200
e34 NO, 4-NO, 25.20 £ 0.65 25.60 £0.03 1.02 100.44 +1.38 >200
e35 NO, 4-F 41.13+0.85 47.56 £ 0.05 1.16 123.04 £ 0.46 >200
e36 NO, 4-Cl 30.56 +0.1 26.61 +£0.52 0.87 116.54 +£0.38 >200
e37 NO, 4-Br 28.19 £ 0.36 34.50 +£0.64 1.22 194.45 + 0.56 >200
e38 NO, 4-| 5.53+0.44 2.03 +£0.62 0.37 62.42 +0.41 >200
Quercetin - - - - - 1.18 £0.03 1.45+0.02
Galantamine - - 2.41+0.12 17.38 £ 0.56 7.21 - -
Donepezif - - 0.03+0.0005 4.66+0.503 155.3 - -
Rivastigmine® - - 3.01+0.21 0.30+0.01 0.10 - -

21Cso values represent the means + S.E.M. of three parallel measurements (p< 0.05).
b Selectivity index = 1G (BUChE) / 1Go (AChE).
° Ao sovalues represent the means + S.E.M. of three parallel measurements (p< 0.05).

4 From ref. [4]
€ From ref. [30]
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32



ACCEPTED MANUSCRIPT

(

U

-

(N

o
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Figure 4. Best pose o€25in the AChE active site. (a) 2D diagrame#f5and protein residue
contacts by LigPlot+ (b) Side chain amino acids are shown as &8863s shown as stick by

PyMol. In both figures H bond interactions are shown dotted lines.
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Schemes

O 0
R
1\(jLH 1))J\/C' Rq Bry, CHOb,
OH 2) 22::2 '\gﬁoﬂ O 50°C, 15 min EtOH, reflux, 1t
al: R1=H b1: R1 c1: R1
a2: R4=Br b2: R4=Br c2: R4=Br
a3: R1=N02 b3: R1=N02 c3: R1=N02
2X H j6H 19
A \ Q'NCO RIS NZNENTE A 20
\ N T @R
o THF, Et,N, 6 o 108 O L _Jo?
d1: Ry=H reflux, 12h 7 14 22
d2: R4=Br e1-e38
d3: R1=N02 R1= H, BI‘, NO2

R,=H, CH; OCH3; NO, F, CI, Br, |

Scheme 1Synthesis of new urea substituted benzofuranylthiazole derivatives.
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HIGHLIGHTS:

. 38 new Benzofuranylthiazoles hybrids.
. Multitasking agents in AD.

. AChE and BuChE inhibition.

. Anti-oxidant activity.

. Docking studies.



Potential of Aryl-urea-Benzofuranylthiazoles hybridsas multitasking agents in
Alzheimer’s disease
Belma Zengin Kurt,” Isil Gazioglu,® Livia Basile,*" Fatih Sonmez,*® Tiziana Ginex," Mustafa

Kucukislamoglu® and Salvatore Guccione”

“Bezmialem Vakif University, Faculty of Pharmacy, Department of Analytical and Medicinal
Chemistry, 34093, Istanbul, TURKEY

bDepartment of Drug Sciences, University of Catania, Viale A. Doria 6 Ed. 2, Citta
Universitaria, I- 95125, Catania, ITALY

“Sakarya University, Pamukova Vocational High School, 54900, Sakarya, TURKEY
“Molecular Modelling Laboratory, Department of Food Science, University of Parma, Parco
Area delle Scienze 17/A, Parma 43124, ITALY

°Sakarya University, Faculty of Arts and Science, Department of Chemistry, 54055, Sakarya,
TURKEY

*Corresponding authors: University of Catania, Department of Drug Sciences, Viale A. Doria

6 Ed. 2, Citta Universitaria, I- 95125, Catania, ITALY. Tel. +39 095 738-4020; fax +39 095

738-4208; email address:|basilelivia@gmail.com|(L. Basile); Sakarya University, Pamukova

Vocational High School, 54900, Sakarya, TURKEY. Tel.: +90-264-2953378; fax: +90-264-

2953679; e-mail address: |fsonmez(@sakarya.edu.tr| (F.Sonmez).

Supplementary M aterials

'H and °C NMR and MS spectra of the synthesized compounds are given below.
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SM 3."'H and >*C NMR and MS spectra of e3
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SM 5.'H and >*C NMR and MS spectra of e5
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SM 9. 'H and >*C NMR and MS spectra of e9
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SM 11.'H and "*C NMR and MS spectra of e11
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SM 12. 'H and °C NMR and MS spectra of e12
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SM 13."'H and "*C NMR and MS spectra of e13
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SM 15.'H and "*C NMR and MS spectra of e15
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SM 17.'H and "*C NMR and MS spectra of e17

J
N

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm
wy o~ - o [aa) (=} vy (=1 o (= o 0 < <t S —=
vy <t 0 O = =2 oo (=) — N O T © (=)
o Se o e el no— e a5 e e =
=3 nen ol S — 0 + n = & Y o —~ — ha]
2 w2ee2o 3 = o ad =z =g b

T~ 127876

Voo

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

26



&1
- c ESIQ1MS [100.00

Relative Abundance

o
0-500.

z2o4.01

311.10

43024

437,30

41234

t
140

308.81
il
300

miz

Pt
420

440

SM 18.'H and ">*C NMR and MS spectra of e18

J

J

11.0

6.0

27

2.0

44199

i




E3

ML: 9.20

AV: 1

T: + ¢ ESI Q1MS [100.000-500.000]

BF-18 #547 RT: 4.81

]
@ & a
a ¥ o
o | 1 3
8 § i
o o
ks [
- A..M
~
=43
i
x
Wk
R
T4
g
Al
e
a2t
LS
a
b
PR
3+
at
=
Gi
2
ot
Ao
ol
JER
M
]
-
al®
at
@
“Ta
ol
o
T 3 er
a ot
e ol a
©a Pl =1
5 =@
o
] L
A L
o
Fo
il
o
at
=i
ALE
&
b
[uf 8
o
o
i
-
il
=)
DL
[SE
L
(o
(=
R
o
s ]
pr
u
(o
Fo
ol
o
B
oF
@l
o
e
ol
"
L
o
ol
o
T O ]
o v o o w o W o W oo O o oW oo W oo W O
S @ 4 @ @ ~ R~ ©® © O O ¥ T @ @ o o

SouBpUNGY SNjERY

miz

28



SM 19.'H and "*C NMR and MS spectra of e19

/ Fol
i JMM JLJ

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm
T o a0 wvm — > F Owv 0 T > 0 T v
X O X WV AN~ Al — 0 ‘0 wn O — O O <t
XY Ay vy 0 A Lol S =) o
S a9 = =Y — =% ¥ 0 —=—=a x
goow oIoogd 99 Do D D€ a
[ \ I I
ol | ! ‘J | J
eoeetoebhemchesmbestoloedlnd eosmrmrmbarssed e st—
HH‘\HH\\H‘\\HH\H‘H\HHH‘HHHH\‘H\HH\\‘\H\HH\‘HH\\H\‘\\HH\H‘H\HH\\‘\H\\HH‘\HHHH‘\HHHH‘H\H\H\‘H\H\\H‘\\\HH\\‘\H\HH\‘HH\HH‘\HHHH‘H\
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

29



JeF- o504 R 272 Av. 1 WL T.04E3

T: - ¢ ES1 Q1MS [100.000-500.000]

100 44212

o

2

=

z

B

=

2

=

] 444.16

203.27
446 16
205.20
374.33 40206 480.87
128.81 14080 17217 191.14 20843 22727 243.26 281 50 330.08 34083  370.74 | 393.68 | 42730 4732.24 486.23
L L e e S S e e e e e s st e S e B S B e S B St N N S e S D B B D S B e e e e e e |
100 20 140 180 180 200 220 240 2680 280 300 320 340 360 280 400 420 440 460 480 500
miz
SM 20. 'H and ">C NMR and MS t f e20
. an an specira or e
\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm

12.0

11.0 10.0 9.0

30



160.765
153.732
153.653
152.154
140.309
136.429
132,614
131.506
130.039
127.891
124.485
119.507
116.249
113.770
111.278
21.070

Dl

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

BF-20#160 RT: 1.42 AV: 1

ML: 1.10E4
T: - ¢ ESI @1MS [100.000-500.000]

o
=]
1

o
o

o
=]

w
o

w
o

~
m

-
o

42754

Relative Abundance
W w £ F o @ [
5 h & & 3 3 &

[
0

428.69
202.70

5]
o

o
m
Ll b e b il i

42077
247.11

284 56

28601 5
o.08 8 2288 457 29

8
10141 12074 150.06 150.80 19526 21811 230.20 28548 27 Lol 320.05 329 72 358.80 380.85 303.30 42021 44‘_.I?3 "
Py L L S s e e L L t t * e L et gy LB e L Py t

t Tt t T T gy e T T t T T
oo 120 140 180 180 200 220 240 320 340 360 380 400 420 440 480 480 s500

o

400.84
)

o

Tt
300
miz

P
280 280

31




SM 21."'H and "*C NMR and MS spectra of e21
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SM 23."'H and "*C NMR and MS spectra of e23
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SM 25.'H and "*C NMR and MS spectra of e25
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SM 27.'H and "*C NMR and MS spectra of e27
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SM 29.'H and "*C NMR and MS spectra of e29
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SM 31.'H and "*C NMR and MS spectra of e31
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SM 33."'H and "*C NMR and MS spectra of e33
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SM 35.'H and "*C NMR and MS spectra of e35
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SM 37.'H and "*C NMR and MS spectra of e37

— //////

.

L L L
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0

ppm (f1)

56



-

1004

®
o0

®
o

o
o

@
o
ITERRTHNRTENRTRERNRIRURT]

Relative Abundance
S o
o o

Iy
o

w

1
h
ITNRRTRINTRINIT]

BF-37 #292 RT: 2.54 :
T 1 @1MS [150.000-500.000]

AV 1

137.27

NL: 7.35E5

170.10

227.15

| 21813
7310 21415 | 228.15

162,18 k

280.12

36200
368.08

408.95

37098

48502
403.05

48103

If‘ez o5

115.18

L S e
120 140

T L B e L
160 180 200 220

T
240

28911 317.34 328.21 34§24 ,,|37_2-ZIU jne.os
I e e e B L A A e e et T

320 340 360 380 400 420

4480
Tt
440

480 480 500

SM 38."'H and *C NMR and MS spectra of e38

s Ul

I

11.0
ppm (1)

10.0

9.0 8.0

7.0

6.0 5.0 4.0 3.0

57

2.0

1.0



2551

.-l A8l
2091

AV T NL: 1

21 Q1ME [100.000-550.000]

BF-38 #4289 RT: 5.91
-e

T:

a_ =
8 3 5i
] ! a
I = o
] 5
b3 = 2 6§
g
o o =
o ar
I~
ES S
- ol
8
B T L
@
P
o o F
a o
ci =
o 3
T pa b
o =
) w0
- S
o9t
w i
T
a b
i
pE
13
@
alf
a
ol
ar
a
a
oy
@
@
LS
i
o3
RS
-
@ i
B
!
o o =
N
2 a8«
o =
0 ]
4 =
e 3
)
™
o+
P
- o
o ol F
2 _
: o]
Ll - F
+
aE
a;
RE
<t
i
o
b
@
o1
.
a £
J—
Y
T 4
©
&
T T T T T T
o w oo w oo W oo W oo o i
o wy ) o T @ L o ™ - -
BUUEPUNGY BAjERY

550

450

400

300

250

200

150

miz

58





