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Scheme-1: Syntheses of 2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethyl aryl carboxylate derivatives 1-26
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Abstract: Current study is based on the biology-oriented dsygthesis (BIODS) of 2-(2-
methyl-5-nitro-H-imidazol-1-yl)ethyl aryl carboxylate derivativesl-26, by treating
metronidazole with different aryl and hetero-ar@rimoxylic acids in the presence of '1,1
carbonyl diimidazole (CDI) as a coupling agent.uBtiures of all synthetic derivatives were
confirmed with the help of various spectroscopithtéques such as EI-M&H -NMR and**C-
NMR. CHN elemental analyses were also found in exgent with the calculated values.
Synthetic derivatives were evaluated to check thagfucuronidase inhibitory activity which
revealed that except few derivatives, all demortetrgood inhibition in the range of &= 1.20
+ 0.01-60.30 % 1.4@M as compared to the standargaccharic acid 1,4-lactone g6 48.38 £
1.05uM). Compoundsl, 3, 4, 6, 9-19, and21-24 were found to be potent analogs and showed
superior activity than standardlimited structure-activity relationship is suggstthat the
molecules having electron withdrawing groups lik&.,NF, CI, and Br, were displayed better
activity than the compounds with electron donatingups such as Me, OMe and BuO. To verify
these interpretationan silico study was also performed, a good correlation wasewed

between bioactivities and docking studies.
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Introduction

Nitroimidazole derived compounds have a diversetspm of biological activities [1]. Amongst
them, 5-nitroimidazole is the privileged scaffolimany marketed drugs such as secnidazole,
ketoconazole, miconazole, and metronidazole (Ffagyhich are being clinically used to treat
the bacterial infections since many vyears (Figyre-Toxicology and metabolism of
nitroimidazoles have been well characterized ardioh@nted [2-4]. Metronidazole is one of the
most important nitroimidazole derivatives which Hasen commonly used as antimicrobial
prescription [4-10].
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Figure-1: Marketed Analogs of Imidazole

S-Glucuronidase enzyme (EC 3.2.1.31) is commonlydbun anaerobic bacteroideSlostridia,
Escherichia andPeptostreptococcudt is also found in human body fluids, serum, dleells,
gastric juice, bile, urine, spleen, and in orgake kidney, liver, lung, and muscles [11-13]. This
enzyme catalyzes the breaking fflucuronosylO-bonds [14]. Insufficiency of this enzyme
causes Sly syndrome in humans which is relatetidaricrease level of glycosaminoglycans in
cells [15,16]. Similarly, over-expression is assbtedl with many disorders such as urinary tract

infections [17-20], active pyelonephritis and acuémal necrosis [21]. Certain pathological



conditions including epilepsy, cancer, acquired ummn deficiency syndrome (AIDS), renal
diseases, neoplasm of breast, larynx, bladderiestds, and inflammation in joints and hepatic
[22-24], also leads to over-expressiorpeglucuronidase. Hence, it is the topmost task kabi
this enzyme for curing several pathologies.

Based on our previously introduced terminology dggtoriented drug synthesis (BIODS) [25]
which aims to design and synthesis of librariesahpounds on the skeleton of authentic drugs

(marketed drugs) with more and diversified biolagjiactivities.

We have already identified many heterocycles aemiatl class off-glucuronidase inhibitors
[26-33]. Since, we have reported thglucuronidase inhibitory activity of benzimidazslg82]
and recently published the ester derivatives olyahlbpyrimidone as potent inhibitors ¢t
glucuronidase enzyme [26], therefore, we decidedct@en metronidazole esters for their
glucuronidase inhibitory activity due to their appiable structural similarity with benzimidazole
as well as the esters of dihydropyrimidones (Figt)teHerein, this manuscript describes the
BIODS of 2-(2-methyl-5-nitro-#H-imidazol-1-yl)ethyl aryl carboxylate derivativek26 and
evaluation of theirs-glucuronidase inhibition studies. To the best af eformation, these

compounds have never been reportegifglucuronidase inhibitory activity.
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Figure-2: Rationale of the Current Study
Results and Discussion
Chemistry

All derivatives1-26 were synthesized by reacting metronidazole witfeint aryl and hetero-
aryl carboxylic acid in the presence of 'dcarbonyl diimidazole (CDI) as a coupling agent.
Reactions were performed in tetrahydrofuran (THEY@m temperature. CDI was readily
reacted with the carboxylic acid derivative to foamid imidazole intermediate which was
immediately coupled with metronidazole to afforabgucts1-26. All synthetic molecules were
structurally characterized by spectroscopic teaesgsuch as, EI-MSH-NMR and**C-NMR.

CHN analysis was also performed and found satisifgct
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Scheme-1:Syntheses of 2-(2-methyl-5-nitrd4iimidazol-1-yl)ethyl aryl carboxylate derivatives
1-26

In Vitro g-Glucuronidase Inhibitory Activity

Synthetic compounds-26 were screened for thaim vitro p-glucuronidase inhibitory activity. It
is worth mentioning that except compourgls8, 25, and26, all compounds were demonstrated
good inhibitory activity in the range of 4£= 1.20 £ 0.01-60.30 = 1.4GM as compared to the
standard-saccharic acid 1,4-lactone g6 48.38 = 1.05:M) (Table-1). Compounds, 3, 4, 6,
9-19 and 21-24 were exhibited superigf-glucuronidase inhibitory activity than standard as

given in Table-1.



Table-1: In vitro S-glucuronidase inhibitory activity and docking sesrof synthetic derivatives
1-26
N

7\
HC™ >N~ ~NO,
o
1-26 R
Comp. No. R IC 50 + SEM® [1M] Docking Score (S)
Me
1 ﬁj 44.16 + 0.90 -7.1356
2 @ NAP -6.7176
Me
3 /@ 35.50 + 0.80 -7.5236
Me Me
X

4 31.10 +0.75 -7.6320

OMe
5 © 60.16 + 1.40 -7.7753

OMe
6 @ 24.20 + 0.50 -8.0149

Me
7 60.30 + 1.40 -7.7583

MeO OMe
8 NAP -6.5987
O _~_ Me




9 @ 16.30 + 0.20 -7.9033

Cl

Cl
10 @/ 19.30 + 0.30 -7.9216
11 3.60 +0.10 -9.3028

Cl

Cl
Cl
12 f:L 6.20 +0.10 -8.6108
Cl

13 @ 8.10 + 0.10 -8.4793

F
14 5; 12.40 + 0.20 -7.9357

F

Br

15 6.30+0.1 -9.0313
F
Cl
16 1.20 + 0.01 -9.7108
F
F

17 @ 27.60 +0.70 -7.6861

NO,
18 5; 8.90 + 0.20 -8.2156

Z
N




19 7.30 £0.10 -8.4376
Me
NO,
Br
20 ﬁ:( 48.50 + 1.10 -7.5368
21 5; 42.61 +0.90 -7.5297
Br
AN
22 HNE é 2.10+0.10 -9.6250
23 N 32.60 + 0.80 -7.5639
N~
24 8.40 + 0.10 -8.6232
NVS
25 NAP -7.3328
26 NAP -7.2938
Standard® = D-saccharic acid 1,4-lactone 48.38 +1.05

3 Csovalues (mean + standard error of medN)A (Not active):*Standard inhibitor fop-glucuronidase.

Structure-Activity Relationship (SAR)

Limited structure-activity relationship (SAR) isggested that apparently all structural features
of compoundsdl-26 as shown in Figure-3 are taking part in the irtbityi activity, however, the
variation in the activity of different compound wdse to the nature and position of substituents

at ring “R".
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Figure-3: Structure of compound6 with numbering

As shown in table-1, compourfD (ICso = 48.50 £ 1.1QuM) with ortho bromo substitution at
ring “R”, showed inhibitory activity comparable standard-saccharic acid 1,4-lactone g6
48.38 + 1.05«M). Switching of bromo residue fromrtho to para as in compoun@1 (ICsp =
42.61 + 0.9uM), a slight increased activity was observed. lbva@s our hypothesis that the
position of a substituent also influence the attivibtructure of compountls (ICsp= 6.30 + 0.1
uM) is closely resembles to compoud (ICso= 48.50 £ 1.1Q/M), only the addition of fluoro
group atpara position ofl5, displayed an eight-fold better inhibitory actw({Figure-4).
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Figure-4: Comparison of structure-activity relationship ofgpound21 with 20 and15.

Amongst the chloro substituted derivatives, compisuri (ICso= 3.60 £ 0.1Q:M) with dichloro
substituentsortho to each other, was found to be the third mostrgoéad fifteen-fold more
active compound than the standardaccharic acid 1,4-lactone. Compout(ICso = 6.20 *

0.10uM) is also a dichloro substituted derivative, bathbchloro substitutions apara to each

8



other, showed almost half inhibitory activity thaampoundl1l (Figure-5). It verifies that the
position of substituents highly effects the inhibjt potential. Mono chloro substituted
compounds such &(ICso= 16.30 + 0.2Q:M) and 10 (IC5o= 19.30 £ 0.3Q«M) showed lesser
inhibitory activity than dichloro substitutidtil and12 as shown in Figure-5.

)\/B*Noz |/>7No2 )\/>7N02 )\/B*NOZ

b o DT H

12 9 10
[ 1C50=3.60+0.10 uM | [1C50=6.20+0.10 uM]| [1C5o = 1630+ 0.20 uM | [1C50=19.30 £ 0.30 uM |
Figure-5: Comparison of structure-activity relationship ohgoundl1 with 12, 9, and10.

It is worth mentioning that compourdd (ICso= 1.20 = 0.01uM), the most potent compound of
this series and distinctly similar in structurecmmpoundl10 (ICso = 19.30 = 0.3Q:M), but the
presence of two fluoro substituents were greathaeced the activity of compourd®. Amongst
the mono-fluorinated compounds, compour®i(ICso = 8.10 + 0.10uM) which has fluoro at

metaposition was more active than ggiara counterparii4 (ICso= 12.40 + 0.2Q:M) (Figure-6).

)\/>*N02 /BfNoz /B*Noz />’N02

b oy b %

10 13 14
[1C50=19.30 £0.30 uM | |1C50=1.20i0.01 M| [1C5p=8.10£0.10 M| [1C5o= 12,40+ 020 zM]

Figure-6: Comparison of structure-activity relationship ohgoundl6 with 15, 14, and13.

More critically, it was monitored that halogens e@tayed vital roles in the inhibitory potential,

especially, fluoro groups were enhanced the inbiipiactivity.



Compounds containing strong electron withdrawirtgongroup such a%7-19 were found to be
potent inhibitors too. Amongst them, compour8l(ICso= 7.30 £ 0.1QuM) having 3-methyl-4-
nitro substitutions at “R” was found to be one loé tmost potent compounds, about seven fold
more active than standard. Absence of methyl gemim analodl8 (ICso = 8.90 £ 0.20uM),
displayed slightly lowered activity. Similarly, stehing of nitro group fronpara to metaas in
compoundl? (ICso= 27.60 + 0.7QuM) sharply declined the activity. It showed thatramigroup

atpara position played a vital role in enhancing the imtary activity (Figure-7).

NN N\ N
e e e
\\\ Y \\\ 0 \\\o 0

O 0

Me
NO, NO, O,N
19 18 17
[ 1C5=7.30+0.10 uM | | 1C5)=8.90 = 0.20 uM | | 1C5,=27.60 £ 0.70 uM|

Figure-7: Comparison of structure-activity relationship ohgpoundl9 with 18, and17.

Compounds22-24 having heterocyclic ring as “R” were displayed gt inhibition than
standard. Out of them, compoudd (ICso= 2.10 = 0.1Q:M) having indole ring was found to be
the potent derivative and demonstrated twenty-ftiames more activity than standard.
Compound?4 (IC5o= 8.40 + 0.1Q:M) having benzothiazole ring as “R”, was exhibisd times
better potential than standard. It was observet libth compound22 and 24 have bicyclic
aromatic rings as “R”, which might involve in stgpr-z interactions with the active site of
enzyme, however, the lesser activity of compo@8d1Csy = 32.60 + 0.8QuM) with pyridine
ring due to comparatively weakr interactions with active site as compared to cammpis22
and24 (Figure-8).
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Figure-8: Comparison of structure-activity relationship ohgpound22 with 24, and23.

Compoundsl, 3, and6 having electron donating methyl substituents was® demonstrated
better activity, but lesser than the compoundsrwelectron withdrawing groups. Out of them,
compoundl (ICso= 44.16 + 0.9Q:M) having methyl abrtho position showed good inhibition.
Switching of methyl group fronortho to metaas in compoun@, leads to complete loss of
activity, however, fronortho to para as in compoun@ (ICso= 35.50 = 0.8Q:M), brings further
better inhibitory activity. Compoun@ (1ICso = 24.20 + 0.5Q:M) having dimethyl substituents at
metapositions, showed much better activity than manmesituted compounds (Figure-9).

)\/BfNoz />7N02 />—N02 />*N02

0 S i+

[ICsp=44.16£090 uM| | Not Active | [1C5=35.50£0.80 uM| [1C5 = 24.20 £ 0.50 uM|

Figure-9: Comparison of structure-activity relationship ohgpoundl with 2, 3, and6.

Methoxy containing derivative4, 5, and7 demonstrated good to moderate inhibition. Such as
compound4 (ICso= 31.10 + 0.7%:M) was found to be good inhibitor as compared &mdard.
Its activity can compare with compoubdICso= 60.16 + 1.4Q:M) which only lacks the olefin

moiety, a sharp decline in the activity was obseri@ecreased activity of compouradwas

11



might be due to the lesserz interactions. Compound (ICso = 60.30 = 1.40uM) having
dimethoxy groups ammeta positions, also demonstrated moderate inhibitiomywever, para-

butoxy derivative8 was found to be completely inactive (Figure-10).

):BiNOZ />*N02 )\/BfNoz />—N02

‘b kA e 4

7
[1C50=31.10+0.75 uM| [ 1C5=60.16 = 1.40 uM | [1C5, = 60.30 + 1.40 uM] | NotActive |

Figure-10: Comparison of structure-activity relationship ofrgppound4 with 5, 7, and8.

In a nut shell, careful assessment of the influeategroups on activity is revealed that
compounds having electron withdrawing groups wewanfl to be more potent than the
compounds having electron donating groups except(Table-1). However, in order to get in-
depth insights regarding the SAR as well as mo&duteractions of compounds with the active
sides off-glucuronidase enzyma, silico studies were also performed on all compounds and

discussed in the next section.
In Silico Studies

p-Nitro phenylg-D-glucuronide, the known substrate molecule [34]s wacked into the active
site of the enzyme using MOE-Dock program priordimcking of the synthetic molecules.
Similar to our previous results [27,33], the moddleree dimensional substrate-bound structure
of human g-D-glucuronidase was displayed that the glycosidedboh p-nitrophenyl 5-D-
glucuronide was properly oriented towards the gataresidues such as Glu540, Glu451, and
Tyr504 (Figure-11). The substrate molecule was detnated appropriate binding with the
active site residues; Asp207, Glu451, Glu540, Hs3Byr508, Tyr504 and Arg600 [30]. This
3D protein structure was used in the assessmehedfinding mode of the synthetic derivatives.

The docking of the compounds was carried watMOE with the parameterise., Placement:

Triangle Matcher, Rescoring: London dG. For eagdard, ten conformations were generated

12



and on the basis of docking score (S) the top-rmdomformation of each compound was used
for further analysis. The docking score is the bigdree energy calculated by the GBVI/WSA
scoring function and the lower score indicates nfak®rable poses. The unit for all scoring
functions is kcal/mol [35].

The docking study predicted that the compounds efigctron withdrawing substituenite. F,

Cl, Br, NO, showed goodn silico inhibition. It was observed that the number ofsthe
substituents and their respective positions magcafthe orientation and binding pattern of the
compound in the active site of the enzyme. For g@tanctompound2 with 1H-indole group
showed the best interactions mode (Figure-12) antbege synthetic compounds. Asp207,
His385, and Asn450 were interacted through a poderd with the imidazole moiety. Arg600

was showed arene-cation contacts with 2-methigridole residue.

Tyr 504

gi‘"‘

Glu 540

Asp 207 - ) His 385

Figure-11: Molecular interactions of substrate with hungaglucuronidase.
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'His 385

Tyr 508 ¢ 4%
.

Figure-12: Molecular interactions of compouz@.

Similarly, compoundl1 with dichlorobenzenenteta-paradichloro) showed three interactions
with the active site residues Tyr508 and Arg60Gta®swvn in Figure-13. Changing the positions
of chlorine groups in compount® i.e. ortho and oppositaneta,resulted in mild interaction
mode which was in accordance to its biologicalvatgti The docking study was predicted almost
the same behavior for the different halogen groapsexperienced in biological evaluations.
However, some contrast behavior was observed &mnbst active compourib (ICso = 1.20 +
0.01 puM) in the docking study. This compound was unpridity showed two hydrogen
bonding with Thr599 and Arg600 (Figure-14). Thetemti.e. hydrogen bonding with Arg600 is
shown by compound$4, 15 and19. Whereas, compoun24 showed arene-cation interaction
with Arg600.

14



Figure-14: Molecular interactions of compouri.

Compoundl3 with fluorine atmetaposition of ring “R” showed good mode of interacis with
Asn484 and Arg600. Asn484 was formed hydrogen bandiith the N of imidazole group and
basic Arg600 made hydrogen bonding with the carbomygen (Figure-15). Nitro substituted

15



compoundl8 was also showed a single arene-arene contactTwith08 through nitrobenzene
substituent. In case of non-active/poor-active conmgls and the compounds with methyl (Me)

or methoxy (MeO) substituents, no valuable bindiegvork with the enzyme was observed.

A

Glu 451

Figure-15: Molecular interaction of compouri®.
Overall a good correlation was observed betweenltioking study and biological evaluation of

active compounds. The correlation graph and theetadion coefficient value are given in

Figure-16.

R%=0.5972

)
T
o
o
[
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=
o
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(=]

30 40
IC50[uM]
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Figure-16: A correlation graph for docking predicted actvaind 1G, values.

Conclusion

S-Glucuronidase inhibitory activity of 2-(2-methylbtro-1H-imidazol-1-yl)ethyl aryl
carboxylate derivatived-26 was examined which revealed that almost all comgsuwere
demonstrated potent inhibition except few. Limitsducture-activity relationship and silico
study rationalized that compounds having electraghdsawing groups such as NCF, Cl, and

Br were more prone to inhibit th&glucuronidase enzyme as compared to the compounds
having electron donating grougsg. Me, OMe and BuO. This study identified a set aide

compounds for further research in order to get gighlicuronidase inhibitors.
Experimental
Material and Methods

Reagents were purchased from Sigma-Aldrich, USA. m&hgents and solvents were of
analytical grade and used as received. Thin lalyeynsatography was performed on pre-coated
silica gel, GF-254 (Merck, Germany). Spots weraiaized under ultraviolet light at 254 and
366 nm or iodine vapors. Mass spectra were recoudel@r electron impact (EI) on MAT 312
and MAT 113D mass spectrometers. THe, *CNMR were recorded on Bruker AM
spectrometers, operating at 300, 400 and 500 MHe.chemical shift are presented in ppiy (
relative to tetramethylsilane (TMS) as an interstaindard and the coupling constakjtdre in

Hz. Elemental analysis was performed on a Carl@aBtoumentazione-Mod-1106, Italy.
General Experimental Procedure for the Synthesis a€ompounds 1-26

Carboxylic acids (1 mmol) and 1;darbonyl diimidazole (1 mmol) were taken in TH (L)

in a round-bottommed flask (100 mL) and stirred 8% minutes in order to activate the
carboxylic acids. Then metronidazole (1 mmol) wakleal into the reaction mixture with

constant stirring for 24 h. Reaction progress wamitored by TLC (6:4 = EtOAc:Hexane).

Reaction mixture was poured onto crushed ice (100, mrecipitates appeared immediately
which were filtered and dried in air. The precipg&were crystallized from ethanol. Products
were characterized by spectroscopic techniques asdBIMS,*H-NMR and **C-NMR. CHN

analysis was also performed.
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p-Glucuronidase Inhibitory Assay

Bioassay protocol was used according to literateport [36]. f-Glucuronidase enzyme (E.C.
3.2.1.31), from bovine liver (G-0251), anptnitrophenyl-D-glucuronide (N-1627) were
obtained from Sigma-Aldrich USA.

S-Glucuronidase activity was determined spectropmetocally by quantifying the absorbance
at 405 nm ofp-nitrophenol formed during the reaction. The totdction volume was 250L.
DMSO (100%) was used to dissolve the compoungdL{bwhich become 2% in the final assay
(250 uL) and the same conditions were used for standasrsa¢charic acid 1,4-lactone). The
reaction mixture, contained 0.1 M acetate buffé@5(fiL), test compound solution (%L), and
enzyme solution (1QL), was incubated at 37T for 30 minutes. The plates were read on a
multiplate reader (SpectraMax plus 384, USA) at AfGbafter the addition of 50L of 0.4 mM

p-nitrophenylg-D-glucuronide. All assays were run in triplicate.
Molecular Docking Study

The molecular docking program is widely used todprethe binding interaction of the
compounds in the binding pocket of the enzyme. Thestal structure of the humaf+
glucuronidase was obtained from the protein datebl®DB ID: 1BHG) [37] having 80%
sequence similarity with boving-D-glucuronidase [30] as the 3D structure of bovihe-
glucuronidase is not reported yet. From the origimatein data bank file, the B-chain of protein
and hetero-atoms including cofactors were removdding MOE (Molecular Operating

Environment) software _(www.chemcomp.com) the re&e protein molecule was 3D

protonated and the energy minimization was caroetdusing the default parameters of MOE
[the Amber99 force field and gradient: 0.05]. Theustures of the synthetic compounti26

were built in MOE and were energy minimized.
Spectral Analysis of Compounds (1-26)
2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2-methylbenzoate (1)

Solid; Yield: 73%;'H-NMR: (400 MHz, DMSO€q): 9 8.04 (s, 1H, H-4), 7.67 (dgs = 7.6 Hz,
1H, H-6), 7.49 (t.Jsa6) = 7.2 Hz, 1H, H-§, 7.31 (M, 2H, H-3 H-4), 4.72 (t,Jp.1» = 5.2 Hz,
2H, CH-2"), 4.60 (t,J» = 5.2 Hz, 2H, CH1"), 2.41 (s, 3H, Ch), 2.40 (s, 3H, Ch); °C
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NMR (75 MHz, DMSO€k): J 167.6, 151.6, 139.5, 138.3, 132.7, 132.3, 1312D.9, 129.7,
125.5, 62.4, 40.6, 21.6, 12.8; EI-M&/z (rel. abund. %), 288 (M 18), 272 (25), 260 (7), 243
(15), 199 (4), 177 (19), 163 (33), 149 (15), 138)(219 (100); Anal. Calcd forGH1sNz0s: C =
58.13, H = 5.23, N = 14.53; Found: C = 58.16, H255N = 14.51,

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3-methylbenzoate (2)

Solid; Yield: 78%;:*H-NMR: (300 MHz, DMSO#k): §8.04 (s, 1H, H-4), 7.63 (s, 1H, H)27.63

(d, Jos = 8.1 Hz, 1H, H-6, 7.47 (dJy 5 = 7.2 Hz, 1H, H-}, 7.41 (t 56 = 7.2 Hz, 1H, H-5,
4.74 (t,dp 1= 4.8 Hz, 2H, CH-2"), 4.62 (t,J1-2-= 5.1 Hz, 2H, CH-1"), 2.44 (s, 3H, Ch), 2.34

(s, 3H, CH); **C NMR (75 MHz, DMSOsdg): §165.9, 151.5, 138.6, 138.4, 133.4, 132.2, 130.4,
130.0, 128.6, 126.8, 62.4, 40.7, 21.4, 12.7; EI-M%z (rel. abund. %), 289 (M 5), 243 (23),
163 (35), 136 (5), 119 (100), 91 (69); Anal. Cafod C14H1sNsO4: C = 58.13, H = 5.23, N =
14.53; Found: C = 58.16, H = 5.25, N = 14.51.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3,5-dimethylbenzoate (3)

Solid; Yield: 79%;'H-NMR: (400 MHz, DMSOds): 6 8.03 (s, 1H, H-4), 7.43 (s, 2H, H;H-
6), 7.28 (s, 1H, H-3, 4.73 (t,Jp.1-= 4.8 Hz, 2H, CH-2"), 4.60 (t,J1-» = 4.8 Hz, 2H, CH-1"),
2.44 (s, 3H, CH), 2.30 (s, 6H, 2Ch); *C NMR (75 MHz, DMSOd): J 165.8, 151.6, 138.5,
138.3, 138.3, 135.4, 132.1, 129.7, 127.0, 127.04,680.7, 21.5, 21.5, 12.8; EI-M&)/z (rel.
abund. %), 303 (M 8), 257 (17), 191 (3), 176 (21), 149 (3), 133 Q)t0Anal. Calcd for
Ci1sH17N304: C =59.40, H = 5.65, N = 13.85; Found: C =59H43; 5.62, N = 13.88.

(E)-2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3-(4-methoxyphenyl)acrylate (3

Solid; Yield: 78%;'H-NMR: (400 MHz, DMSOd): 6 8.03 (s, 1H, H-4), 7.66 (dz 3¢5 = 8.8
Hz, 2H, H-2, H-6), 7.54 (d,J;» »» = 16.0 Hz, 1H, H-T), 6.98 (d J3 2/5.¢ = 8.8 Hz, 2H, H-3 H-

5, 6.42 (d,Jo 1 = 16.0 Hz, 1H, H-2), 4.64 (t,J».1-= 5.2 Hz, 2H, CH-2"), 4.49 (t,Jy 2= 5.2
Hz, 2H, CH-1"), 3.79 (s, 3H, OCH), 2.47 (s, 3H, Ch); *C NMR (75 MHz, DMSO€g): J
166.4, 159.7, 151.6, 145.2, 138.5, 132.3, 130.8,3,3127.6, 116.3, 114.0, 114.0, 62.5, 55.7,
40.6, 12.7; EI-MSm/z(rel. abund. %), 331 (M 32), 285 (48), 244 (15), 216 (4), 205 (21), 161
(100); Anal. Calcd for gH17N30s: C =58.00, H =5.17, N = 12.68; Found: C = 58182; 5.15,

N = 12.65.
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2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 4-methoxybenzoate (5)

Solid; Yield: 82%;'H-NMR: (400 MHz, DMSOd): 6 8.02 (s, 1H, H-4), 7.79 (dz 3¢5 = 8.4
Hz, 2H, H-2, H-6), 7.03 (dJ3.255.6 = 7.2 Hz, 2H, H-3 H-5), 4.71 (t,J2-1- = 4.8 Hz, 2H, Ch+
2"), 4.60 (t,d172 = 4.8 Hz, 2H, CH1"), 3.82 (s, 3H, OCH), 2.44 (s, 3H, CH); *C NMR (75
MHz, DMSO-ds): J 165.8, 164.6, 151.5, 138.5, 132.3, 130.8, 13128,3,, 114.4, 114.4, 62.5,
55.7, 40.7, 12.6; EI-MSm/z (rel. abund. %), 305 (K 25), 259 (100), 218 (8), 179 (68), 152
(32), 135 (100); Anal. Calcd forigH1sNsOs: C = 55.08, H = 4.95, N = 13.76; Found: C = 55.05,
H=4.97, N = 13.79.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 4-methylbenzoate (6)

Solid; Yield: 76%;'H-NMR: (400 MHz, DMSOd): 6 8.03 (s, 1H, H-4), 7.73 (dz.3/¢.5 = 8.0
Hz, 2H, H-2, H-6), 7.32 (d,Ja 256 = 7.6 Hz, 2H, H-3 H-5), 4.73 (t,J>-1- = 4.8 Hz, 2H, CH
2"), 4.62 (t,d12 = 4.8 Hz, 2H, CH1"), 2.44 (s, 3H, Ch), 2.36 (s, 3H, ChH); *C NMR (75
MHz, DMSOg): J165.9, 151.6, 142.9, 138.6, 132.3, 129.7, 1298,6, 128.6, 127.2, 62.4,
40.6, 21.4, 12.8; EI-MSn/z(rel. abund. %), 289 (M 8), 243 (79), 217 (11), 173 (32), 163 (39),
119 (100), 91 (41); Anal. Calcd forifH1sN3O,: C = 58.13, H = 5.23, N = 14.53; Found: C =
58.16, H = 5.25, N = 14.51.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3,5-dimethoxybenzoate (7)

Solid; Yield: 80%:'H-NMR: (400 MHz, DMSO#d): 6 8.04 (s, 1H, H-4), 6.92 (dy 4164 = 2.4
Hz, 2H, H-2, H-6), 6.76 (s, 1H, H-3, 4.75 (t,J271= 5.2 Hz, 2H, CH-2"), 4.61 (t,Jy 2= 5.2
Hz, 2H, CH-1"), 3.77 (s, 6H, 20C#}, 2.49 (s, 3H, Ch); **C NMR (75 MHz, DMSO€g): J
165.8, 161.4, 161.4, 151.8, 138.5, 132.3, 108.8,4,0.06.4, 104.5, 62.5, 55.6, 55.6, 40.7, 12.7;
EI-MS: m/z (rel. abund. %), 335 (K 42), 318 (45), 305 (4), 289 (8), 209 (30), 168001 151
(20), 137 (48); Anal. Calcd for6H17N3Og: C = 53.73, H = 5.11, N = 12.53; Found: C = 53.76,
H=5.14, N = 12.55.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 4-butoxybenzoate (8)

Solid; Yield: 77%:*H-NMR: (400 MHz, DMSO€e): § 8.03 (s, 1H, H-4), 7.78 (d2 3¢5 = 8.8
Hz, 2H, H-2, H-6), 7.02 (d,Js.2s5.6 = 8.8 Hz, 2H, H-3 H-5), 4.70 (t,Jo»1-= 5.2 Hz, 2H, Cht
2", 4.60 (tJyr2 = 6.4 Hz, 2H, Ck1"), 4.05 (t, 2H, Ch), 2.44 (s, 3H, Ck), 1.71 (m, 2H, Ch),
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1.45 (m, 2H, CH), 0.94 (t, 3H, CH); **C NMR (75 MHz, DMSOdg): J 165.8, 163.6, 151.8,
138.3, 132.3, 130.6, 130.6, 121.8, 114.4, 114.83,68.5, 40.7, 31.9, 19.2, 12.7, 14.0; EI-MS:
m/z(rel. abund. %), 347 (M 6), 301 (91), 245 (23), 221 (10), 177 (100), {83), 138 (20), 121
(100); Anal. Calcd for &H21N3Os: C =58.78, H = 6.09, N = 12.10; Found: C = 58H6; 6.07,

N =12.13.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3-chlorobenzoate (9)

Solid; Yield: 82%:'H-NMR: (400 MHz, DMSO#€g): 8.03 (s, 1H, H-4), 7.79 (s, 1H, H}27.79
(d, Jos = 6.8 Hz, 1H, H-9, 7.75 (dJs.s = 8.0 Hz, 1H, H-6, 7.58 (tJsu e = 8.0 Hz, 1H, H-5,
4.75 (t,dp1 = 5.2 Hz, 2H, CH2"), 4.64 (tJ1» = 5.2 Hz, 2H, CH1"), 2.49 (s, 3H, Ch); °C
NMR (75 MHz, DMSO€k): J 165.7, 151.8, 138.3, 134.6, 134.3, 133.2, 132302, 129.7,
128.1, 62.5, 40.6, 12.8; EI-M$0/z (rel. abund. %), 309 (M 4), 311 (M+2, 2), 263 (19), 183
(31), 139 (100), 111 (19); Anal. Calcd ford1,CINsOs C = 50.42, H = 3.91, N = 13.57;
Found: C = 50.45, H = 3.93, N = 13.54.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2-chlorobenzoate (10)

Solid; Yield: 78%;*H-NMR: (400 MHz, DMSO¢k): 4 8.04 (s, 1H, H-4), 7.68 (dg 5 = 7.6 Hz,
1H, H-6), 7.58 (m, 1H, H-4 H-5), 7.47 (m, 1H, H-3, 4.73 (t,J»-1-= 4.8 Hz, 2H, CH-2"), 4.63

(t, J1oor = 4.8 Hz, 2H, CH1"), 2.42 (s, 3H, Ch); *C NMR (75 MHz, DMSOs): J 165.7,

151.8, 138.3, 134.3, 133.4, 133.2, 132.1, 131.9,812126.6, 62.4, 40.7, 12.9; EI-MBv/z (rel.

abund. %), 309 (M 1), 311 (M+2), 274 (8), 263 (9), 183 (28), 153, (839 (100), 111 (20);
Anal. Calcd for GsH12CIN3O4: C = 50.42, H = 3.91, N = 13.57; Found: C = 50M43; 3.91, N =
13.52.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3,4-dichlorobenzoate (11)

Solid; Yield: 86%;:*H-NMR: (400 MHz, DMSOe): § 8.03 (s, 1H, H-4), 7.96 (d2 e = 1.6 Hz,
1H, H-2), 7.82 (m, 2H, H-5 H-6), 4.74 (t,J>»1-= 4.8 Hz, 2H, CH2"), 4.65 (t,J1->» = 4.8 Hz,
2H, CH-1"), 2.47 (s, 3H, Ch); *C NMR (75 MHz, DMSOsg): 5165.8, 151.6, 138.5, 137.8,
132.4, 132.1, 130.0, 129.8, 129.5, 129.3, 62.4,412.8; EI-MS:m/z (rel. abund. %), 343 (M
5), 345 (M+2, 3), 217 (38), 190 (2), 173 (100), 148); Anal. Calcd for gH;1;CIoN3O4: C =
45.37,H=3.22, N =12.21; Found: C = 45.34, H253N = 12.23.
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2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2,5-dichlorobenzoate (12)

Solid; Yield: 88%;'H-NMR: (400 MHz, DMSO#€): 6 8.04 (s, 1H, H-4), 7.72 (dg 4 = 2.4 Hz,
1H, H-6), 7.68 (ddJs e = 2.4,J4 3 = 8.4 Hz, 1H, H-9, 7.61 (dJs 4 = 8.4 Hz, 1H, H-3, 4.73 (t,
Joi1= 5.2 Hz, 2H, CH-2"), 4.62 (t,d12 = 5.2 Hz, 2H, CH1"), 2.43 (s, 3H, Ch); **C NMR
(75 MHz, DMSOdg): d 165.7, 151.6, 138.5, 133.2, 132.4, 132.0, 13136,4] 129.8, 128.6,
62.4, 40.7, 12.7; EI-MSn/z (rel. abund. %), 343 (M 55), 345 (M+2, 37), 308 (81), 297 (73),
217 (100), 173 (78); Anal. Calcd for481:CloNsO4: C = 45.37, H = 3.22, N = 12.21; Found: C
=45.35, H = 3.20, N = 12.23.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3-fluorobenzoate (13)

Solid; Yield: 79%;*H-NMR: (400 MHz, DMSO#): §8.03 (s, 1H, H-4), 7.68 (dg s = 7.6 Hz,
1H, H-6), 7.59 (m, 3H, H-2 H-&, H-5), 4.74 (t,J»1-= 4.8 Hz, 2H, CH-2"), 4.65 (t,Jy» = 4.8
Hz, 2H, CH-1"), 2.45 (s, 3H, CH):; °C NMR (75 MHz, DMSOde): J 165.8, 162.7, 151.8,
138.5, 132.3, 131.8, 130.3, 125.6, 119.7, 114.6},61.7, 12.8; EI-MSm/z(rel. abund. %), 293
(M*, 11), 247 (48), 167 (72), 154 (4), 123 (100), 83)( Anal. Calcd for @H1FN3Os: C =
53.24, H = 4.12, N = 14.33; Found: C = 53.26, HE4N = 14.30.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 4-fluorobenzoate (14)

Solid; Yield: 82%;'H-NMR: (400 MHz, DMSO¢k): 6 8.03 (s, 1H, H-4), 7.92 (m, 2H, H;H-
6'), 7.38 (m, 2H, H-3 H-5), 4.72 (t,J»-1- = 4.5 Hz, 2H, CH-2"), 4.64 (t,J12 = 5.4 Hz, 2H,
CH,-1"), 2.44 (s, 3H, Ch); **C NMR (75 MHz, DMSOds): 0167.3, 165.8, 151.6, 138.5, 132.3,
131.4, 131.4, 125.6, 115.3, 115.3, 62.4, 40.6,;1RIMS: m/z (rel. abund. %), 293 (} 16),
247 (64), 167 (58), 123 (100), 95 (43); Anal. Calod Ci3H1,FNsO,: C = 53.24, H = 4.12, N =
14.33; Found: C = 53.21, H = 4.15, N = 14.30.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2-bromo-4-fluorobenzoate (15)

Solid; Yield: 90%;:*H-NMR: (400 MHz, DMSO#): §8.03 (s, 1H, H-4), 7.76 (m, 2H, H;H-
6), 7.42 (M, 1H, H-3, 4.72 (t,Jo.1 = 4.8 Hz, 2H, Ci#2"), 4.62 (tJyr»r= 4.8 Hz, 2H, CH1"),
2.42 (s, 3H, Ch); *C NMR (75 MHz, DMSOdg): J169.5, 165.8, 151.6, 138.3, 133.6, 132.3,
127.4, 123.6, 120.4, 114.5, 62.5, 40.7, 12.8; Et-M® (rel. abund. %), 371 (M 15), 373
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(M+2, 14), 325 (16), 292 (16), 245 (29), 203 (1A0)3 (14); Anal. Calcd for GH1:BrFNsO4: C
= 41.96, H=2.98, N = 11.29; Found: C = 41.94, B.86, N = 11.27.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2-chloro-4,5-difluorobenzoate(16)

Solid; Yield: 78%;*H-NMR: (400 MHz, DMSO€e): 6 8.04 (s, 1H, H-4), 7.90 (m, 1H, H)f
7.82 (M, 1H, H-3, 4.72 (t,J»1» = 5.2 Hz, 2H, CH2"), 4.62 (t,J1> = 5.2 Hz, 2H, CH1"),
2.42 (s, 3H, Ch); *C NMR (75 MHz, DMSOde): & 165.7, 155.3, 151.6, 147.4, 138.5, 132.3,
131.6, 128.7, 119.4, 117.8, 62.5, 40.7, 12.8; EL-M&(rel. abund. %), 345 (1 5), 347 (M+2,
2), 310 (9), 299 (19), 219 (45), 175 (100), 147){2Mal. Calcd for GaH1oCIFsNsOs: C = 45.17,
H=2.92, N = 12.16; Found: C = 45.15, H = 2.95; 1i2.14.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3-nitrobenzoate (17)

Solid; Yield: 88%;'H-NMR: (300 MHz, DMSO#ds): §8.52 (s, 1H, H-3, 8.50 (d,Js5 = 8.0 Hz,
1H, H-4), 8.24 (d J¢5 = 8.0 Hz, 1H, H-6, 8.04 (s, 1H, H-4), 7.85 #5(.6)= 8.0 Hz, 1H, H-5,
4.77 (t,Jp1-= 4.8 Hz, 2H, CH-2"), 4.71 (t,J1-2= 5.2 Hz, 2H, CH+1"), 2.48 (s, 3H, Ch); *C
NMR (75 MHz, DMSOsdg): 0 165.8, 151.6, 147.9, 138.5, 136.1, 132.3, 12929.4, 128.3,
123.4, 62.4, 40.7, 12.8; EI-M$&/z(rel. abund. %), 320 (M 6), 274 (50), 194 (83), 150 (100),
123 (5), 104 (17); Anal. Calcd for,6H12N4Os: C = 48.75, H = 3.78, N = 17.49; Found: C =
48.73,H=3.75, N = 17.47.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 4-nitrobenzoate (18)

Solid; Yield: 85%;:*H-NMR: (400 MHz, DMSO#l): 68.35 (d,J2 3765 = 9.0 Hz, 2H, H-2 H-6),

8.08 (d,Jz.215.¢ = 9.0 Hz, 2H, H-3 H-5), 8.04 (s, 1H, H-4), 4.74 (831-= 4.2 Hz, 2H, CH-2"),

4.70 (t,J12 = 4.2 Hz, 2H, CH1"), 2.46 (s, 3H, Ch); *C NMR (75 MHz, DMSOds): 5165.8,
152.3, 151.6, 138.3, 136.3, 132.1, 130.7, 130.3,912123.9, 62.5, 40.7, 12.7; EI-MBvz (rel.

abund. %), 320 (M 28), 274 (48), 194 (68), 164 (7), 150 (100), 168); Anal. Calcd for
Ci13H12N4O6: C = 48.75, H = 3.78, N = 17.49; Found: C = 48H3; 3.80, N = 17.47.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 3-methyl-4-nitrobenzoate (19)

Solid; Yield: 82%;*H-NMR: (400 MHz, DMSO¢): 68.07 (d,Js,¢ = 8.4 Hz, 1H, H-5, 8.04 (s,
1H, H-4), 7.91 (s, 1H, H-p, 7.85 (d,Js.s = 8.0 Hz, 1H, H-6, 4.74 (t,Jy1- = 4.4 Hz, 2H, ChH
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2"), 4.67 (t,J1.2 = 4.4 Hz, 2H, CH1"), 2.52 (s, 3H, Ch), 2.46 (s, 3H, Ch); **C NMR (75
MHz, DMSO-dg): J165.7, 153.5, 151.6, 138.3, 136.2, 132.3, 13231, 127.7, 123.6, 62.4,
40.7, 18.4, 12.7; EI-MSn/z (rel. abund. %), 334 (M) 12), 288 (41), 208 (68), 164 (100), 135
(7), 118 (17); Anal. Calcd for gH14N4Os: C =50.30, H = 4.22, N = 16.76; Found: C = 5082,
=4.20, N = 16.79.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2-bromobenzoate (20)

Solid; Yield: 72;'H-NMR: (400 MHz, DMSO#ds): 6 8.04 (s, 1H, H-4), 7.75 (m, 1H, H)47.64
(m, 1H, H-8), 7.49 (m, 2H, H-3H-6'), 4.72 (t,J2-1-= 4.8 Hz, 2H, CH-2"), 4.63 (t,J1- > = 4.8
Hz, 2H, CH-1"), 2.42 (s, 3H, Ch); **C NMR (75 MHz, DMSOd): J 165.8, 151.6, 138.5,
132.7, 132.3, 132.0, 131.8, 127.5, 126.4, 121.5,6®.7, 12.7; EI-MSm/z(rel. abund. %), 353
(M*, 4), 355 (M+2, 5), 307 (13), 274 (37), 227 (353X17); Anal. Calcd for GH1,BrNzO4: C
=44.09, H = 3.42, N = 11.86; Found: C = 44.06, B.45, N = 11.83.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 4-bromobenzoate (21)

Solid; Yield: 79%;:*H-NMR: (400 MHz, DMSO#k): 68.02 (s, 1H, H-4), 7.74 (s, 4H, H;H-3,
H-5, H-6), 4.73 (tJ2-1-= 5.1 Hz, 2H, CH-2"), 4.65 (t,J1- 2= 5.1 Hz, 2H, CH-1"), 2.44 (s, 3H,
CHs); **C NMR (75 MHz, DMSOdg): §165.7, 151.8, 138.5, 132.3, 132.2, 132.2, 13134,4],
129.0, 127.3, 62.4, 40.7, 12.8; EI-M8/z(rel. abund. %), 353 (M 4), 355 (M+2, 4), 307 (21),
229 (20), 183 (100), 155 (13); Anal. Calcd forsld1,BrN3O4: C = 44.09, H = 3.42, N = 11.86;
Found: C =44.07, H = 3.45, N = 11.82.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 1H-indole-2-carboxylate (22)

Solid; Yield: 80%;*H-NMR: (400 MHz, DMSO€g): §11.89 (s, 1H, NH), 8.04 (s, 1H, H-4), 7.66
(d, 376 = 8.0 Hz, 1H, H-7J, 7.43 (dJs5 = 8.4 Hz,1H, H-9, 7.27 (tJsa,s) = 7.6 Hz, 1H, H-5,
7.09 (t,do(s.7) = 7.6 Hz, 1H, H-, 7.03 (s, 1HH-3), 4.71 (tJ1-= 4.4 Hz, 2H, CH2"), 4.68

(t, Ji = 4.4 Hz, 2H, CH1"), 2.47 (s, 3H, CH); °C NMR (75 MHz, DMSOdg): & 158.3,
151.6, 138.5, 132.3, 131.5, 130.2, 125.2, 121.8,6,2119.7, 112.4, 111.0, 62.4, 40.7, 12.8; EI-
MS: m/z(rel. abund. %), 314 (K 67), 297 (5), 286 (28), 268 (8), 187 (53), 15@)(2A44 (100),
115 (44); Anal. Calcd for §H1aN4Ox C = 57.32, H = 4.49, N = 17.83, Found: C = 57130
4.46,N = 17.85.
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2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl nicotinate (23)

Solid; Yield: 83%;'H-NMR: (300 MHz, DMSO#d): 68.95 (d,J».4 = 1.6 Hz, 1H, H-3, 8.81 (d,
Jvs = 3.6 Hz, 1H, H-9, 8.17 (dJs 5 = 8.0 Hz, 1H, H-§, 8.04 (s, 1H, H-4), 7.58 (m, 1H, H)5
4.75 (t,Jor1-= 4.8 Hz, 2H, CH-2"), 4.67 (t,J1-» = 4.8 Hz, 2H, CH-1"), 2.46 (s, 3H, Ch); °C
NMR (75 MHz, DMSO¢s): J 165.8, 151.6, 151.3, 150.5, 138.6, 136.3, 13225,2, 122.0,
62.5, 40.7, 12.7; EI-MSn/z (rel. abund. %), 276 (f 4), 230 (17), 150 (49), 137 (4), 124 (8),
106 (100), 85 (20); Anal. Calcd fori#H,2N4O4: C = 52.17, H = 4.38, N = 20.28; Found: C =
52.14, H = 4.36, N = 20.25.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl benzo[d]thiazole-6-carboxylate(24)

Solid; Yield: 76%;'H-NMR: (400 MHz, DMSOek): 69.60 (s, 1H, H-3, 8.73 (s, 1H, H-7, 8.19
(d, Jys = 8.0 Hz, 1H, H-9, 8.04 (s, 1H, H-4), 7.98 (J5 4 = 8.4 Hz,1H, H-9, 4.75 (t,Jz1 =
4.8 Hz, 2H, CH-2"), 4.70 (tJ1-» = 4.8 Hz, 2H, CH-1"), 2.49 (s, 3H, Ch); °*C NMR (75 MHz,
DMSO-dg): §165.7, 155.9, 154.7, 151.8, 138.5, 133.7, 1326,7,, 126.2, 123.5, 121.8, 62.4,
40.9, 12.8; EI-MSm/z (rel. abund. %), 332 (K 28), 286 (74), 206 (63), 179 (10), 162 (100),
143 (2), 134 (93); Anal. Calcd for1£H1,N4O,S: C = 50.60, H = 3.64, N = 16.86; Found: C =
50.63, H = 3.61, N = 16.89.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 1-naphthoate (25)

Solid; Yield: 82%;'H-NMR: (400 MHz, DMSOek): 68.57 (d,J>» = 8.4 Hz, 1H, H-3, 8.20 (d,
Jg.7 = 8.4 Hz,1H, H-§, 8.05 (s, 1H, H-4), 8.03 (dy3 = 8.8 Hz, 1H, H-3, 8.00 (d,Js s = 7.2
Hz, 1H, H-8), 7.61 (m, 3HH-3', H-6, H-7), 4.78 (t,J2 1= 4.8 Hz, 2H, CH-2"), 4.73 (t,J17 2" =

4.4 Hz, 2H, CH-1"), 2.41 (s, 3H, Ch); **C NMR (75 MHz, DMSO€g): §167.8, 151.8, 138.5,
134.4, 133.6, 133.4, 132.2, 129.8, 129.1, 128.3,7,20126.9, 126.7, 126.4, 62.4, 40.7, 12.8; EI-
MS: m/z(rel. abund. %), 325 (M 53), 308 (3), 279 (26), 199 (17), 172 (10), 1560Q), 139 (5),
127 (58); Anal. Calcd for GH1sN304: C = 62.76, H = 4.65, N = 12.92; Found: C = 62H4
4.67, N =12.95.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl 2-naphthoate (26)

Solid; Yield: 78%;*H-NMR: (400 MHz, DMSOdq): 68.49 (s, 1H, H-1, 8.09 (d,Jss = 8.4 Hz,
1H, H-4), 8.05 (s, 1H, H-4), 8.03 (g = 8.4 Hz,1H, H-§, 8.01 (d,Js,¢ = 8.4 Hz, 1H, H-5,

25



7.86 (ddJz1 = 1.6,d3» = 8.4, 1H, H-3, 7.70 (t,Jss.7) = 8.0 Hz, 1H, H-§, 7.64 (t,J7@.) =

7.6 Hz, 1H, H-7), 4.79 (t,Jo.1 = 4.8 Hz, 2H, CH2"), 4.70 (t,J1» = 4.8 Hz, 2H, CH1"), 2.49

(s, 3H, CH); 3C NMR (75 MHz, DMSOds): 5165.8, 151.6, 138.5, 135.6, 132.7, 132.3, 130.6,
129.4, 128.7, 128.4, 128.2, 128.2, 127.2, 125.8},6®.7, 12.8; EI-MSm/z(rel. abund. %), 325
(M*, 31), 279 (30), 199 (21), 172 (12), 155 (100), 1@3): Anal. Calcd for §HisNsO4: C =
62.76, H = 4.65, N = 12.92; Found: C = 62.79, H&74N = 12.95.
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Highlights:
> Biology-oriented drug synthesis (BIODS) of 2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethyl
aryl carboxylate derivatives 1-26
» All compounds were evaluated for in vitro S-glucuronidase inhibitory activity.
> Except few derivatives, all molecules were demonstrated good inhibition.

» Molecular docking studies were carried out to verify the structure-activity relationship.



