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Abstract: We report a low-cost, less toxic to environment amhple method for the
esterification of secnidazole. This is first conpgasive structural characterization of novel
secnidazole esters by the spectroscopic and ebtbetntcal methods. The important EIMS
fragmentation analysis showed unique contributibrhe&eroatom bonds explained by the
fragmentation patterns. These peaks originate tlwrloss of single electron, loss of HCN,
M-O, M-NO, M-NO,, M-C7H1oN30s, and M-GH1oNsOs. The comparison of’C NMR
predicted values with the experimental values slibtiat ChemBioDraw Ultra 14.0 has
advantage of predicting aromatic {sparbons, while MestReNova 6.1 predicté bgbrid
carbons more accurately. The electrochemical ptiggeindicated an irreversible oxidation
process and reversible reduction process in thessr enolecules similar to the parent

secnidazole.

Keywords: Synthesis, EIMS fragmentation, Hetero Atom, Speciopic Characterization,

NMR prediction, Electrochemistry



1.

Introduction

Esterification is a well-known and very importaetaction in chemistry. The German
chemist Leopold Gmelin (1788-1853) born in Gottimgeto a distinguished family of
chemists, coined the word “ester”. [1] Esters ardesapread in nature (eg. triesters)
[2-4] found in many types of food and responsilde the characteristic aroma and
medicinal effects.[5-8] Polyesters, polyethyleneepdithalate, acrylate esters, and
cellulose acetate are some examples of the indligtgroduced esters in very large
guantities.[9-13]

Esterification can be regarded as the transformatiothe carboxylic acids or their
derivatives into esters. Similarly, the counterpasterification reaction: the
transformation of alcohols into esters (acylation hydroxy groups) is equally

important. [14]
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Fig. 1 Chemical structures of common 5-nitroimidazole alabjuinol

The Fig. 1 shows some 5-nitroimidazoles useful rathiatics for the treatment of
bacterial and parasitic infections. [15,16] Amohgge Secnidazole (Comp. 4, Fig. 1)
has been explored for the treatment of amoebiagigrdiasis, urogenital
trichomoniasis and nonspecific bacterial vaginogisprevious study proved that
secnidazole is significantly faster and more effectreatment than clioquinol (Comp.
5, Fig. 1) for the patients suffering from acutéestinal amoebiasis.[17] The ester
derivatives of secnidazole and other similar cormasuhave been synthesized by

different synthetic methods to obtain novel commsunvith enhanced biological



activities, improved physiochemical properties wiblver toxicity values than their

parent drugs. [18-21] Therefore esterification mfgdmolecules is highly desirable.
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SchemeGeneral reaction and mechanism of the Steglichifist¢ion

Table 1 Safety information of DMAP, DCU and Pyridine

Standard

Material CAS Safety Code Symbol Safety Information
Acute toxicity
DMAP  1122-58-3  "GHS06 (oral, dermal, inhalation, Categ: 1,2,3)
*GHSO7 @ #Acute toxicity(oral, dermal, inhalation, Categ: 4)
DCU 2387-23-7 bHA11 PToxic to aquatic life with long lasting effects

*Acute toxicity
(oral, dermal, inhalation, Categ: 4)
Source®www.sigmaaldrich.confwww.caymaneurope.com

Pyridine 110-86-1 *GHSO07

There are many catalysts or reagents used fordtegifecation (acids, lewis acids).
[22,23] For an example, the Steglich esterificatieaction is a versatile (Scheme 1)
method which uses the combination of DCC (dicyckyfearbodiimide) and DMAP
(Dimethlyaminopyridine).[24-27] Previously this rhetd has been utilized [28] for
the esterification of secnidazole with the folloggimmolar ratios, Secnidazole:
Bromobenzoic acid:DCC.DMAP = 3:3.3:3.3:0.2 (mmol) iICHCIl, at room
temperature, for 12 h and resulting product (esteay purified through column
chromatography (ethylacetate:petroleum ether = ih:B8% yield. Similar reactions
reported by other researchers indicate that yietohsvary between 53-73%. [18,19]
The mechanism of Steglich reaction [29,30] shovat there can be two possible
materials left (Scheme 1) after the product (estemnation is complete. The two
byproducts DMAP and 1,3-dicyclohexylurea (DCU) msssacute toxicity (Table 1).

This shows threat to the environment will be mugbher if we apply Steglich



reaction on an industrial scale. Therefore lesgctesterification methods are highly
desirable.

The easier availability of carboxylic acids alloeasier excess to the corresponding
acid-chlorides. Therefore we have utilized the oayttic acid-chlorides to esterify
(one-pot reaction) the Secnidazole (alcohol comptnen presence of pyridine
present in toluene (solvent/catalyst system). Thé ddleased during the reaction can
be easily neutralized by a glass-u-tube connect#d & conical flask containing
aqueous NaOH. This leaves pyridine in the reagtiotiure, which is much less toxic
when compared to the DMAP and 1,3-dicyclohexyluréaere are other two
advantages, firstly the toluene/pyridine mixed salvsystem is easier to recycle when
compared with the DMAP, 1,3-dicyclohexylurea. Settgnsimple recrystallization
gives pure product which eliminates the solvent scomption in column
chromatography thereby decreases the productian This esterification procedure
has the potential for application to other molesule

In this manuscript we present environmentally sajethesis of four new secnidazole
ester molecules spectroscopic properties and etdwmical properties. To best of
our knowledge (SCI Finder) this is first report ci@sing a detailed synthesis,
structural characterization of secnidazole esteysthe EIMS, NMR tH and °C
NMR), UV-vis absorption spectroscopy and cyclic taoimetry. The details of
structural properties are very important to chamaoe, analyze the stability and
metabolism of these molecules for present anddutesearchers.

Experimental Details

2.1 General Methods and Characterization

All chemicals and solvents were of reagent grad# urchased from commercial

sources and used without further purification. $#srole and other APIs were



provided by NabiQasim Pvt. Thin layer chromatogsapbas performed on Merck
silica gel 60F254 plates and observed under UV.tiMglpoint was recorded in a
glass capillary tube on Gallenkamp (sonyo) appardfIIR spectra were recorded
directly on Bruker FT-IR spectrophotometer (Ve@@) in the range of 4000-400 tm
! EIMS and HR-MS spectra were recorded on JeolMS-#%-110.*H-NMR and
13C-NMR were recorded on BrukerAvance500 spectropheters at 500 MHz foH

and 125 MHz fo*C NMR. The CV spectra were recorded on CHI660 ims&nt.
2.2 Synthesis of 1-(2-methyl-5-nitro-1H-imidazol-3d)propan-2-yl-4-methylbenzoate (M1)

In a round bottom flask (fitted with dropping fuhneondenser, and a glass u-tube
connected to a flask containing NaOH to neutralmeHCI) containing Secnidazole (2
g, 10.8 mmol) we added toluene (20 mL), and pyadi mL). The flask was heated
with stirring for 30 minutes at 7AC. Later 4-methylbenzoylchloride (CAS: 212-864-8,
Aldrich, 2 g, 12.9 mmol) was slowly added (throwtflopping funnel) to the flask and
stirring continued at 78C for 4.5 h. The reaction mixture was allowed t@lcand
treated with saturated aqueous NaHQ®OIlution and water. The organic layer was
separated (separatory funnel) and solvent was reth@wtary/vacuum) to obtain the
product. This was recrystallized from chloroforniene to obtain pure white crystals
in 77% vyield. M.P.: 112-114C. 'H NMR (500 MHz, DMSOsdg): § 7.964 (s, 1 H,
imidazole H), 7.719-7.702 (d, J = 8.5 Hz, 2 H, Arf)303-7.287 (d, J=8.5 Hz, 2 H,
ArH), 5.461-5.398 (m, 1H, CH), 4.666-4.525 (m, 2GH,), 2.407 (s, 3 H, Ch), 2.354

(s, 3 H, CH), 1.408-1.395 (d, J=6.5 Hz, 3 H, @H'°C NMR (125 MHz, DMSOdy): 5
164.68 (C=0), 151.34 (N=C), 143.95 (aromatic cajpd88.52 (C-NQ), 133.14,
129.31, 129.00, 126.26 (aromatic carbons), 69.09CK), 49.46 (N-CH), 21.10
(CHs), 17.3 (CH), 13.95 (CH). FTIR (neat®, cmil): 3127, 3019, 2992, 2969, 2929,

2876, 1718, 1430, 1532, 1366, 1270, 1191. EIMS(RI/A.%): 303 (M, 5), 257 (82),



177 (4), 119 (100), 91 (20), 80 (2), 65 (5), 53 BRMS [M] calcd. for GsH17N30,
303.1219 (found 303.1216).

2.3 Synthesis of 1-(2-methyl-5-nitro-1H-imidazol-34)propan-2-yl-3,4-dimethoxybenzoate (M2)

Similar to the above procedure we added 3,4-dimgthenzoyl chloride (CAS: 3535-
37-3, Aldrich, 5.7 mmol) to the hot solution (at %) of secnidazole (5.5 mmol), in
toluene (20 mL) and pyridine (2 mL). The reactioixtore was allowed to cool and
treated with saturated aqueous NaHCGOIution and water. The organic layer was
separated (separatory funnel) and solvent was redh@wetary/vacuum) to obtain the
product. This was recrystallized from chloroforniene to obtain pure product in
61% yield. M.P.: 115-117C. 'H NMR (500MHz, DMSOdg): § 7.969 (s, 1 H,
imidazole H), 7.467-7.029 (m, 3 H, Ar H), 5.427-403m, 1 H, CH), 4.662-4.558 (m,
2 H, CHp), 3.815 (s, 3 H, ChJ, 3.777 (s, 3H, Ch), 2.446 (s, 3 H, Ch), 1.405-1.389
(d, J=6.4 Hz, 3 H, C§). °C NMR (125 MHz, DMSOdg): § 164.47 (C=0), 153.15 (O-
Ar), 151.42 (O-Ar), 148.38 (N=C), 138 (C-N 133.19, 128.62, 123.09, 111.42,
111.15 (aromatic carbons), 69.08 (O-CH), 55.7, 5%@-CH), 49.36 (N-CH), 17.37
(CHs), 13.99 (CH). FTIR (neatp, cmi®): 3122, 3079, 2960, 2934, 2874, 2860, 2841,
1703, 1531, 1437, 1357, 1269, 1188. EIMS m/z (R)A349 (M, 16), 303 (5), 223
(2), 182 (15), 165 (100), 151 (4), 137 (6), 111, @3 (7), 80 (3), 53 (3.0), 44 (5).

HRMS [M'] calcd. for GeH1oN30s 349.1268 (found 349.1281).

2.4 Synthesis of 1-(2-methyl-5-nitro-1H-imidazol-3)propan-2-yl-2-(4-
isobutylphenyl)propanoate (M3)

For M3, we needed the 2-(4-isobutylphenyl)proparabybride which is commercially
unavailable therefore, In a separate round bottaesk f(fitted with distillation set up),
we transformed 2-(4-isobutylphenyl)propanoic acwnimercial name ibuprofen,

CAS: 15687-27-1, 1.1085 g, 5.37 mmol) to 2-(4-idgiphenyl)propanoyl chloride by



reaction with oxalyl chloride (CAS: 79-37-8, 0.53Lm6.05 mmol) in 20 mL of
CH,Cl; and catalytic anhydrous DMF (3 mL) by stirringrabm temperature for 12 h.
The solvents were removed and the remaining liquad added to a warm (7C),
well stirred solution (toluene 20 mL and pyridinend., round bottom flask) of
secnidazole (1 g, 5.4 mmol). After complete additithe reaction mixture was heated
for 5 h. The reaction mixture was allowed to coadl dreated with saturated aqueous
NaHCG; solution and water. The organic layer was separggeparatory funnel) and
solvent was removed (rotary/vacuum) to obtain thedpct. The product was
recrystallized from toluene/hexane to obtain M36ih % yield. M.P.: 93-96C. H
NMR (500 MHz, DMSO#d): 5 8.021 (s, 1 H, imidazole H), 7.080-7.028 (m, 4At,
H), 5.162-5.115 (m, 1 H, CH), 4.552-4.316 (m, 2GH,), 3.575-3.522 (m,1 H, CH),
2.401 (s, 2 H, Ch), 2.382 (s, 3 H, Ch), 1.838-1.737 (m, 1 H, CH), 1.205-1.187 (d, J=
7.2 Hz, 3 H, CH)), 1.161-1.146 (d, J= 6 Hz, 3 H, @H0.84-0.824 (d, J=6.4 Hz, 6 H,
2CHs). *C NMR (125 MHz, DMSOdg): & 173.14 (C=0), 151.59 (N=C), 139.79
(Aromatic carbon), 138 (C-N£p 137.32, 133.08, 129.05, 126.78 (Aromatic carlpons
69.25 (O-CH), 49.22 (N-C4), 44.12 (CH), 44.00 (CH, 29.50 (CH), 22.10 (CH),
22.08 (CH), 18.15 (CH), 16.90 (CH), 13.97 (CH). FTIR (neatp, cm?): 3130, 3051,
3011, 2984, 2956, 2928, 2867, 2845, 1736, 15319,14277, 1264, 1195. EIMS m/z
(R.A.%): 373 (M, 5), 356 (47), 357(19), 330 (100), 327 (2), 247)(R45(34), 231
(46), 232 (8), 219 (86), 188 (43), 170 (22), 168 (B1 (97), 145 (64), 118 (66), 105
(15), 91 (22), 80 (15), 53 (15), 42 (10). HRMS'[Malcd. for GoH27N304 373.2002
(found 373.1982).

2.5 Synthesis of Bis(1-(2-methyl-5-nitro-1H-imidazel-yl)propan-2-yl) oxalate (M4)

In a round bottom flask (fitted with dropping fuhheondenser, and a glass u-tube

connected to a flask containing JT&; to neutralize the HCI) containing Secnidazole



(2 g, 10.8 mmol) we added toluene (20 mL), anddwye (2 mL). The flask was
heated with stirring for 30 minutes at 2D. Later Oxalyl chloride (CAS: 79-37-8,6
mmol) was carefully added (through dropping funntl) the flask and stirring
continued at 46C for 2.5 h. The reaction mixture was allowed tol@nd treated with
saturated agueous NaHg®olution and water. The organic layer was sepdratel
solvent was removed to obtain the product. The ybavas recrystallized by using
DMF/CH.CI, to obtain 91% product.

M.P.: 201-203°C. *H NMR (500 MHz, DMSOd): & 7.997 (s, 2 H, 2imidazole H),
5.242-5.182 (m, 2 H, 2CH), 4.636-4.404 (m, 4 H, 2CB.434 (s, 6 H, 2Ch), 1.342-
1.320 (d, J=6.6 Hz, 6 H, 2GH *C NMR (125 MHz, DMSOde): 5 155.376 (C=0),
151.778 (N=C), 138.452 (C-Np 133.141(aromatic carbons), 72.563 (O-CH),
48.954 (N-CH), 16.58 (CH), 13.913 (CH)). FTIR (neatp, cmi’): 3129, 3020, 2990,
2945, 1741, 1528, 1429, 1372, 1267, 1191. EI-MS (RIA.%): 424 (M, 6), 407
(43), 408 (9),378 (68), 210(2), 184(8), 168 (1Al (27), 137 (19), 128 (25), 111
(14), 95 (43), 80 (75), 67 (27), 53 (75), 42 (33RMS [M'] calcd.for GeHaoNgOs

424.1337 (found 424.1347).



3. Results and Discussion

3.1 Synthesis

1-(2-methyl-5-nitro-1H-imidazol-1-yl)
propan-2-yl-4-methylbenzoate
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Scheme 2Synthesis route for the secnidazole esters (M1,M2and M4)

The Scheme 2 shows the synthetic route to the daoole esters (M1, M2, M3 and
M4). The reaction has the advantage of shorter, timhen compared to the Steglich
reaction applied to the secnidazole likely dueithér reactivity of carboxylic acid-

chlorides.

e U8 5t g

0‘ chloride Product pyridine
O,N

Scheme Froposed esterification reaction-mechanism fostenidazole

The products were purified by simple workup, waghinith aqueous NaHC{)
vacuum evaporation of solvent, and recrystallizatwhich eliminates the solvent
consumption in column chromatography thereby des®dhe production cost. The
other advantage is easier recycling of mixed catalysolvent system
(toluene/pyridine). The M4 shows an example in Wwhaxalyl chloride was used

instead of aromatic carboxylic acid-chloride. Theaction happens at relatively lower



temperature because of higher reactivity of oxahlbride. The scheme 3 shows a
proposed mechanism for the esterification under given reaction conditions. A
comparison of Table 1, scheme 1 and scheme 3 stimwshe reaction is relatively
simple. In addition, the byproducts (pyridine an@IHof this reaction are less toxic
therefore, relatively safer for the environment wheompared to the Steglich

esterification reaction.

3.2 Spectroscopic Properties
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Fig. 2 EIMS of M1(a), M2(b), M3(c) and M4(d).

( Mass fragmentation pattern of 1-methyl-4-nitro-1H-imidazole )
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( Mass fragmentation pattern of M1 )
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[ Mass fragmentation pattern of M4 )
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Scheme Z£EIMS fragmentation patterns of 1-methyl-4-nitro-irhidazole, M1, M2, M3 and M4

We studied the EIMS (Fig. 2, Fig.SA, Scheme 4),FE{Fig. 3, Table 2)'H-NMR
(Fig.SB, Fig.4) and”*C-NMR (Fig.SC, Fig.4) spectra (supporting inforroali to
confirm the molecular structures. Although molecwdfructure of organic molecules
could be confirmed through NMR but many researdiitutes and pharmaceutical
industries routinely use FTIR and Mass spectrometnalysis therefore these
techniques are very important for routine analy$s.best of our knowledge this is
first report describing a detailed characterizatidrsecnidazole esters, by the EIMS
and NMR spectroscopy. The mass spectrometry (Eli8yided the molecular
weights (molecular ion peaks @) of four compounds equal to the calculated
molecular weights. The EIMS spectra indicate char&tic fragmentation patterns
(Scheme 4). To understand the fragmentation patitrfour ester molecules we first
studied the fragmentation pattern of the 1-methgitb-1H-imidazole [31-33] and
different ester molecules (Scheme 4).We have obdesame similarities (highlighted
in blue color) found in the fragmentation patteuseful to identify these molecules.
The important EIMS peaks showed unique contributibheteroatom bond3.he important
peaks in the EIMS appear due to the loss of sialgetron, loss of HCN, M-O, M-

NO, M-NQO,, M-C7H30N303, and M-GH10N3O4. The comparison of fragmentation
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patterns (M1, M2, M3 and M4) clearly indicate thétoimidazoles and ester linkages
can be easily confirmed through EIMS. The fragmigonapatterns will greatly help

in future to fast identify and analyze these malesii33]

LR AT Y G
N

M3

Transmittance

—M3
— M2
—wm 5
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cni')

Fig. 3FTIR of M1, M2, M3 and M4

Table 2FTIR Characterization

Functional Groups Secnidazole M1 M2 M3 M4
(cm) (cm) (cm') (cm®) (cm)
ArH st 3133 3127, 3019 3122, 3079, 3130, 36511 3129, 3020
2992, 2969, 2960, 2934, 2874, 2984, 2956, 2928, 2990, 2945
Alk-CH str. 2018, 289 5579, 2876 2860, 2841 2867, 2845
C=0 (ester) - 1718 1703 1736 1741
C=N str.(imidazole) 1430 1430 1437 1429 1429
Ar-NO, (sym./asym. str.) 1538, 1367 1532, 1366 1531,1357 1531, 1377 1528, 1372
C-N, C-0 1264,1184 1270, 1191 1269, 1188 128951 1267, 1101

We have compared the important FTIR peaks of the pooducts (Table 2) with the
previously known FTIR of secnidazole (starting miaig to identify esterification and
presence of other functional groups.[34,35] Simitathe secnidazole (3133 &inthe
Ar-H stretching vibrations at 3127, 3122, 3130, Bk’ can be assigned to the
imidazole aromatic ring of the M1, M2, M3 and Md4spectively. Since after
esterification the molecular structure gets adddloaromatic rings so we observed
additional weak bands 3079-3011 tmiue to the Ar-H stretching. A series of Alkyl-
C-H stretching vibrations (2992-2841 ¢jnwere observed for the four compounds.
The ester formation can be recognized by the Ctional group observed at 1718,
1703, 1736 and 1741 ¢hfor the M1, M2, M3 and M4 respectively. The —N§doup

of secnidazole shows two bands (1538, 1367)ctiue to symmetric and asymmetric

13



stretches. Similarly we observed Ar-pl@oup of the M1, M2, M3 and M4 showing
two peaks respectively at 1532-1366, 1531-1357 11587, 1528-1372 cih The
secnidazole shows two vibrations (1264, 1184'cfior the C-N stretches; similar
bands were observed (1270-1188%nfor the 4 ester molecules. This region is
common with the vibration region of C-O therefohere is chance of overlapped

bands.
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Fig. 4*H NMR (500 MHz, DMSO-¢g) and**C NMR (125 MHz, DMSO-g) chemical shift values

The Fig. 4 shows théH NMR (500 MHz, DMSO-g) and **C NMR (125 MHz,
DMSO-d;, DEPT 90, DEPT 135) characterization for the défe positions of the
M1, M2, M3 and M4 structures. The bold numbers dkjashow the'H NMR
chemical shift values while italic (blue) numbensicate thé*C NMR chemical shift
values.

The NMR chemical shift values of secnidazole pamh de characterized by the
reported NMR chemical shift values of secnidazélg.(4). [36,37] The other part
can be characterized through NMR analysis [38],eexrpental results (supporting
information) and comparison with predicttdC NMR chemical shift values

(ChemBioDraw Ultra 14.0, MestReNova 6.1) as sumpearin Table 3.
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Table 3*C NMR Characterization

Materia Predicted “C NMR Experimental Predicted “C NMR
I (ChemBioDraw Ultra 14.0) BC NMR (MestReNova 6.1)
129 /u 144
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The comparison of’C NMR predicted chemical shift values with the ekpental
(Table 3) showed that ChemBioDraw Ultra 14.0 is ena@apable of predicting
aromatic or sp carbons, while MestReNova 6.1 predicts Bpbrid carbons more
accurately. Therefore the two software programs/igesl useful information. The
details of NMR chemical shift values are given lie experimental section. TH&C
NMR chemical shift values of C=0 (ester) for M1, M23 and M4 respectively
appear at 164.6, 164.4, 173.1 and 155.3 ppm. Tgleehwariation is due to different
neighbours of C=0 (ester) imparting different intikee and mesomeric effects. To
best of our knowledg&C NMR value 155.3 ppm for the C=0 (ester, M4) ieha
observed in scientific literature. The low€€ NMR value of C=0 (155.3 ppm) is
likely due to the adjacent oxygen atoms and thescaropic effect (directionally
dependent-electron density distribution) from the adjacentCC group [39, 40]

making the carbon more shielded, thereby movingNMR chemical shift values
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relatively upfield. The ArC-N@appears in the range 138.5-138.0 ppm which shows
very small variation likely because NMR chemicailftstialues of the imidazole ring

show minor change.

3.3 Optical and Electrochemical Properties
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Fig. 5 UV-vis absorbance spectra (a) agklic voltammograms (b) of the Secnidzole, M1, MB and M4

Table 4 Summary of UV-vis and Electrochemical Properties

. g ‘Reversibilit
UV-vis A by b E ! y
’ Boc (V) " Reversibility Eres (V) " Formal (negative scan)
Molecule IEnomo (eV) L IELumo (eV) . . n
Amax (NM) (eVv) . (positive scan) . Potential ips fips
(negative Scan) (negative Scan) .
(negative Scan)
(W)
] -1.104 0.89
Secnidazole 326 3.229 0.93/5.33 NO -1.02/3.38
-1.106 0.84
M1 324 3.271 0.82/5.22 NO -1.02/3.38
-1.098 0.82
M2 300, 324 3.289 0.91/5.31 NO -1.02/3.38
-1.101 0.92
M3 324 3.280 0.91/5.31 NO -1.03/3.37
-1.103 0.95
M4 323 3.271 1.03/5.43 NO -1.00/3.40
1. 2 Optical band gafE,™ = 1240Aonse;
2. b Onsetpeak potentialss. SCE
3. ¢ Energy levels are estimated fr&omosumo = —(Eoxired* 4.4) €V.
4. 4 %= E, ¢+ E,,/2; By andE, represent the forward and reverse peak potentials.
5. Cipy fips = 1, reversible
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The UV-vis absorbance spectra of secnidazoleestel molecules were measured
in DMSO (Fig. 5a) and the data is summarized inl§ab The UV-vis spectra
showed broad bands [41] withhax = 326, 324, (300, 324), 324, 323 nm for the
secnidazole, M1, M2, M3 and M4 respectively attrdalto thern-n* electronic
transition of the aromatic ring. A new band at 3@@ observed for M2 can be
attributed to the dimethoxybenzene. From the ow$etpectra we calculated the
optical band gapH,°™) of these molecules about 3.2 eV.

Electrochemical properties of Secnidzole, M1,, W3 and M4 were investigated
by the cyclic voltammetry (CV, DMSO solvent, WE: GCE: Pt wire, and BINCIO,
as electrolyte) at the scan rate = 0.1 V/s (FigFdhle 4). It is well known that If a
reduced/oxidized molecule is stable (time scaléhef experiment) in solution and
there is reversible electron transfer reactionsath directions (forward/reverse) then
the peak current observed for the return potestiah () should be equal{{ips=
1) to that seen for the forward potential sagg (n a cyclic voltammetry experiment.
All the molecules showet /i, close to 1 (Table 4) for the negative scan, tloeeef
we conclude that they undergo reversible redugbimtess. This occurs due to one

electron reduction of the nitro (—NJOgroup attached to the imidazole ring (R-NO

~

RNG,"). [42,43] The metabolism mechanism studies hawsvehthat this
is an essential property required for the anti-4aa&k (anti-protozoal) activity of the
secnidazole and related molecules. [20]

An irreversible oxidation process (+ve scan, Fig) Wwas observed (onset oxidation
potentials,E.x vs SCBH at 0.93, 0.82, 0.91, 0.9nd 1.03 V for the secnidazole, M1,
M2, M3 and M4 respectively. From the oxidation puigl values, the HOMO energy

levels Enomo) were calculated (5.33, 5.22, 5.31, 5.31, and 8MB Similarly from
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the onset reduction potentials values (Table 4,dhlculated LUMO energy levels

(ELumo) are 3.38, 3.38, 3.38, 3.37, and 3.40 eV respagtiv

. Conclusions

In summary, we have synthesized four new secnidazsiers. The reactions provided
moderate to very good vyields. The esterificatioocpdure is less toxic, products are
easy to purify, solvent system (toluene/pyridina) be recycled therefore has higher
environmental safety and experimental simplicitieStructures were studied by the
EIMS, FTIR, *H NMR, **C NMR, UV-vis absorption and cyclic voltammetry. éTh
important EIMS peaks showed unique contributioheteroatom bonds. These peaks
originate from the loss of single electron, lossHEEN, M-O, M-NO, M-NQ, M-
C7H10N30O3, and M-GH10N3O4. The comparison of EIMS fragmentation patterns
indicate that nitroimidazole and ester linkageddtmatom linkages) can be confirmed
through the EIMS. This will greatly help to faseidify and analyze these molecules.
The comparison o*C NMR predicted values with the experimental valskewed
that ChemBioDraw Ultra 14.0 has advantage of ptigjcaromatic or spcarbons,
while MestReNova 6.1 predicts *shybrid carbons more accurately. Therefore the
two software programs provided useful informatidhe electrochemical properties
indicated an irreversible oxidation process ane@rg&ble reduction process in the four
ester molecules similar to the parent secnidazdie. HOMO energy levelE(omo)

are 5.33, 5.22, 5.31, 5.31, and 5.43 eV (secnidaitl, M2, M3 and M4). Similarly

the LUMO energy levelsH ymo) are 3.38, 3.38, 3.38, 3.37, and 3.40 eV respagtiv
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( Mass fragmentation pattern of 1-methyl-4-nitro-1H-imidazole )
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( Mass fragmentation pattern of M4 J

0O,N o \/ P

2\ O\IHJ\ )\/ \2 %\ N/\( {!HJ\ (u)N+
J/ "N EIMS 0
ﬁ o NO; IC16H20N608]

N M4

Exact Mass: 424.13

M. W.: 424.36
Molecular ion or M -
®

[C7HyyN305]" / S
/\( M- Cot 0N3 ® O,N Not observed O

Exact Mass: 184.07 Il

%
“ o
M. W.: 184.17 2 X/\N/Y \[%
+e > 0 — O
0N NN [CoH1 N Ol*
[C4H5N30].+ \ﬂN +e J@)N\z(d ) Exact Mass: 240.06
HN% -C12H15N306 /\( NtIO M.W.: 240.19

Exact Mass: 111.04 (2-((1-(2-methyl-5-nitro-1H-imidazol-1-

M. W.: 111.10 N=zqo yDpropan-2-yl)oxy)-2-

_ [C16H29N6O4] nxocth) lldvnc)oxonlum
[NO'|
(dy Exact Mass: 408.13
or M-NOz v, w.: 40837 .(:203
\(}) ON J\/ \) 0 \cN
N
\)\ (@ 8\ \H)J\ -0 )\/ N \/)
HCN © 'C12H16N306 Y ® .
" — " [C7H10N302]
[C3H;3N]™ [C4H4N:] [CIGHZUN“Of'] -C7H N30, [CoH1oN2047] Exact Mass: 168.07

Exact Mass: 53.02 Exact Mass: 80.03 Exact Mass: 378.14 Exact Mass: 210.06 M. W.: 168.17
M. W.: 53.06 M. W.: 80.08 M. W.: 378.36 M. W.: 210.18 Base Peak R.A. =100%



Fig. 2 EIMS of M1(a), M2(b), M3(c) and M4(d).

30 60 90 120 150

@ {EIMSof M1 ®) [EIMS of M2 8
> 1004
2
100 4 -
5
Q 80
80
— ~= 60
(=]
X 604 S
) S
< <
@ o
404 40+
—
o =)
204 201 S &
[s2]
.88 = 2, 8 & o 2
I | | Ly : i
ol 1wy | . S oL . 0 \‘HHM‘IMH Al ol o B I .
60 90 120 150 180 210 20 210 300 330 60 9 120 150 180 210 240 270 300 330 360 390
m/z
m/z
© | EIMSof M3 2 & 2
100 5 (d)100 EIMS of M4 =1
(2]
-
o~
80 N
5 0 @ g
o
3 9 8
S
~— 60 S 60
(=]
X > S
S g SR
< © S; ™ < ~
o ® N 04 8 S
o]
40 9 © 40
~ ~
P g g
© > 5
< 0 20 ] -
20 © o =1 =
e o — <
]
| 8
5 [T |
‘ ‘ l | m‘ | 0 | 1 - ) o I
0 I ! Al ! T 1 T T T T T T 7
180 210 240 270 300 330 360 390 420

60 90 120 150 180 210 240 270 300 330 360 390
m/z



Fig. 3 FTIR of M1, M2, M3 and M4
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Fig. 5 UV-vis absorbance spectra (a) and Cyclic voltammograms (b) of the Secnidzole, M1, M2, M3 and M4
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Highlights

1-A low-cost synthesis method, with less toxicity to the environment for the esterification of
secnidazoleis explained in detail.

2-Secnidazole esters were studied by the spectroscopic and cyclic voltammetry.

3- For secnidazole esters, ChemBioDraw Ultra 14.0 has the advantage of predicting aromatic
(sp?) carbons, while MestReNova 6.1 predicts sp® hybrid carbons more accurately.

4-The EIMS fragmentation analysis showed unique fragmentation patterns.



