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Abstract

Here, the synthesis, spectral and the structunadiet of 2-hydroxyethyl substituted N-
heterocyclic carbene (NHC) precursors and the eezynhibition activities of the NHC
precursors were investigated against the cytosalibonic anhydrase | and Il isoenzymes (hCA |
and hCA ll), and xanthine oxidase (XO). Thed@alues of NHC precursors against these
enzymes were determined by spectrophotometric rdefffte spectra of new NHC precursors
have been obtained by using NMR, *C NMR, FTIR spectroscopy and elemental analysis
technigquesThe structure of a new NHC precursor was estaldislyeusing single-crystal X-ray
diffraction method.The results of inhibition experiment indicated thalt 2-hydroxyethyl
substituted NHC derivatives showed remarkable itibib activity toward hCA I, hCA Il and
XO. The range of 165 values for hCA I, hCA 1l and XO inhibition was tdemined as 0.1565-
0.5127, 0.1524-0.5368 and 1.253-5.342 uM. Espgcidlimethylbenzyl derivative of 2-
hydroxyethyl substituted NHC precursor has dematestir high inhibition effect on all studied

enzymes due to steric bulk of this substituent.

Keywords: Carbonic anhydrase; Crystal structure; Enzyme itbig N-heterocyclic carbene

precursor; Xanthine oxidase.



1. Introduction

The first complex with the carbene ligand which histeroatom and stabilized was
prepared by Tschugajeff (English transcription, @dev) in 1925 [1]. The reactivity and stability
of N-heterocyclic carbenes (NHC) were investigated Wanzlick in the early 1960s [2].
Wanzlick and Ofele independently synthesized stAlB€ transition metal complexes in 1968
[3]. Arduengo et al. discovered extraordinary dibiisolation, and storability of crystalline
NHC IAd in 1991 [4]. Hence, NHC precursors have aerad in the shadow of metal-NHC
complexes for three decad@&umerous studies on NHCs were published after thieles NHC
synthesis of Arduengo et al.

NHCs are neutral ligands that can be altered eleically and sterically. These ligands
have strongs-donor and weakt-acceptor properties [5-8]. In addition, NHC liganthat are
resistant to the air and moisture can form stablapiexes with most of the d-block and f-block
metals. [9-14] Due to these unique properties NRE ligands are still alternative ligands to the
phosphine ligands, which are often used in thestgy15].

NHC precursors and their metal complexes are ddtgrderest in the fields of organic
and organometallic synthesis. Numerous studieshercatalytic activity of the transition metal
complexes of NHC ligands have been carried outrfany years [16-225everal studies on the
biological activities and medical applications lbbése complexes have been carried out in the last
two decades [23-26]. Also, studies on the bioldgageplications of NHC ligands have been
carried out. From these studies, enzyme inhibsioidies of NHC precursors are noteworthy [27-
32].

Carbonic anhydrase (CA, carbonate hydrolase, EZ14) is a metalloenzyme that is
very important for biological systems and contarsnc (Zri?) ion in its active site [33-36]. CAs
are important enzymes that have attracted condittenaterest [37, 38]. CA inhibitors can serve
as useful therapeutic agents for treating numerbssases, including glaucoma, cancer, and
obesity because of the roles of CAs in many phggichl and pathophysiological processes,
[39,40]. CA basically ensures that the £@merging from respiration is dissolved in water,
transported and driven out of body as well as paysmportant role in many physiological
events such as acid-base balance, ion exchanggatieg of the cardiovascular system [41,42].

CA catalyzes the rapid and reversible hydratiorcarbon dioxide (Cg and water (KHO) in



twostep reaction to yield bicarbonate (H)@nd a proton (H to maintain acid-base balance in
blood and other tissues, and to help transpog @®of tissues in biological systems [43,44].
Xanthine oxidase (XO, EC 1.17.3.2) is a criticahterlimiting enzyme in purine
metabolism [45]. XO, a highly versatile flavoprateanzyme, is ubiquitous among species (from
bacteria to human) and within various tissues immals [46]. It catalyzes the last two steps of
purine catabolism in humanse., hydroxylation of hypoxanthine to xanthine and tkéme to uric
acid [47]. In parallel with the hydroxylation prass two kinds of reactive oxygen species (ROS),
superoxide anion (§) and hydrogen peroxide £B,), are produced [48]. XO is therefore a
critical source of uric acid and ROS. Over-produetof uric acid can lead to hyperuricemia,
which is the key cause of gout. XO is considered thost promising target for treating
hyperuricemia and gout [49]. An increase in theesscof ROS production cause various
pathological states including inflammation, metabalisorders, atherosclerosis, cancer and
chronic obstructive pulmonary disease [50, 51]. Theibition of this enzyme would be
beneficial to reduce the formation of ROS, knowithgt its serum levels are significantly
increased in various pathological states, like amiination, ischemia-reperfusion, vascular
diseases, and carcinogenesis [52]. Allopurinol psadotypical XO inhibitor and has been widely

used in the treatment of hyperuricemia and gouséweral decades.

Previously, the synthesis of different 2-hydroxyétbubstituted metal-NHC complexes
and their catalytic activities were investigated oyr study group [53-55]. In this study,
inhibition effects of a new series of 2-hydroxydtisybstituted NHC precursors on carbonic
anhydraseand xanthine oxidasenzymes were investigated. The structure of a camgdrom

the NHC precursors was established through thdesorgstal X-ray diffraction method.
2. Experimental

All synthesis involving 2-hydroxyethyl substitutdiHC precursorda-fand2a-cwere carried out
under an inert atmosphere in flame-dried glassweiag standard Schlenk techniques. The
solvents were commercial products and were usedbwiitpurification. All other reagents were
purchased from Aldrich, Merck and Alfa Aesar ChemhicCo, and used without further
purification. Melting points were recorded in glaspillaries under air with an Electrothermal-
9200 melting point apparatus. The UV-Vis absorptwas obtained from a ethyl alcohol
(CoHsOH)  solution and recorded with a Shimadzu UV-160hstrument UV-Vis
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spectrophotometer. FTIR spectra were recorded énrémge 400-4000 ¢mon Perkin Elmer
Spectrum 100 FT-IR spectrometéid and**C NMR spectra were recorded using a Bruker AS
400 Merkur spectrometer operating at 400 ME) (or 100 MHz ¢3C) in CDCk and DMSO-¢
with tetramethylsilane as an internal referenceniéintal analyses were performed lynii
University Scientific and Technological Researcim@e (Malatya, TURKEY).

Single-crystal X-ray diffraction data set of thergq@ex2awas collected at room temperature on a
Rigaku-Oxford Xcalibur diffractometer with an Eo€£D detector using graphite-monochromated
Mo-Ka radiation § = 0.71073 A). Data collection and reduction alevith absorption correction
was performed using CrysAlf§ software package [56]. Structure solution was peréml using
Intrinsic Phasingmethod with SHELXT [57] package program embeddedhe Olex2 [58].
Refinement of coordinates and anisotropic thermalameters of non-hydrogen atoms were
carried out by the full-matrix least-squares metlm&SHELXL [59]. All non-hydrogen atoms
were refined anisotropically. Except the hydrogéthe hydroxyethyl oxygen atom, all hydrogen
atom positions were calculated geometrically antthed using the riding model. The OH
hydrogen was located in a difference Fourier mag r&fined freely. The details of the crystal

data, data collection and structure refinemenhefdompound are summarized in Table 1.

Table 1.Crystal data and experimental details for the cempa.

Empirical Formul: CigH13IN>O

Formula Weigt 304.1:

Temperature (K 293(2

Crystal System, space grc Monoclinic, P2,/n

a, kc (A 9.3224(5), 8.8270(5), 14.4183
B 93.289(5

Vv A% 1184.51(11

4 4

Density (calculated) (g/c°) 1.70¢

Absorbtion coefficient (u, m™) 2.67¢

F(000 592

Crystalsize (mnT) 0.416 x 0.354 x 0.2
Radiatior MoKa (A=0.71073




20 range for data collectioff)( 6.362 t0 51.34

Index range -11<h<11,-5<k<10,-11<1 <17
Reflections collecte 428

Independent reflectio 2256 [Fint = 0.019, Fsigma= 0.033
Parameter 12¢

Goodnes-of-fit on F 1.03¢

FinalRindices [I >20 (1) ] R, = 0.033, wR, = 0.07:

R indices R, =0.04%, wR, = 0.07¢

Largest diff. peak/hole (€°) 0.45-0.5¢

2.1. Synthesis of 1-(2-hydroxyethyl)-3-(2-methylbayl)benzimidazolium chloride, 1a

For the synthesis dfa as described in the literature [30], 2-methylbérchjoride (1.41 g, 10
mmol) and 1-(2-tetrahydro-pyran-2-yloxyethyl)beniarole (2.46 g, 10 mmol) was added in
dry DMF (4 mL). Yield: 85 %; (2.57 g); m.p.: 147-94C; vcny: 1557 cni; vowy: 3175 cnt.
Anal. Calc. for G/H1sCIN,O: C: 67.43; H: 6.32; N: 9.25. Found: C: 67.65;68#40; N: 9.18'H
NMR (400 MHz, CDCJ); & 2.38 (s, 3H, -NCh{CsHa(CHs)); 4.09 (s, 2H, -NE,CH,OH); 4.78

(s, 2H, -NCHCH,OH); 5.80 (s, 2H, -N8,(CsHa(CHs)); 5.96 (s, 1H, -NChCH,OH); 7.16-7.84

( m, 4H, -N(GH4)N- Ar-H); 10.68 (s, 1H, 2-6). **C NMR (100 MHz, CDGJ); & 21.4 (-
NCH(CsH4(CHz)); 49.7 (-NCH,CH,OH); 51.6 (-NCH2(CeH4(CHg)); 59.0 (-NCHCH,0OH);
113.6, 113.8, 126.9, 127.0, 128.7, 128.8, 129.9.13131.2, 131.4, 131.9, 132.5, 132.7 and
139.3 (Ar-C); 143.4 and 143.9 @H).

2.2. Synthesis of 1-(2-hydroxyethyl)-3-(3-methylbeyl)benzimidazolium chloride, 1b

The synthesis oftb was carried out in the same method as that destcribr 1a, but 3-
methylbenzyichloride (1.41 g, 10 mmol) was used instead of Zhgibenzylchloride. Yield: 91
% (2.75 g); m.p.: 110-112 °@cny: 1559 cnil; vomy: 3237 cni. Anal. Calc. for G/H1oCIN,O:

C: 67.43; H: 6.32; N: 9.25. Found: C: 67.58; H:16.4: 9.21."H NMR (400 MHz, CDC}); &
2.24 (s, 3H, -NCHCgH4(CH3)); 4.08 (s, 2H, -NE,CH,0H); 4.70 (s, 2H, -NCkKCH,0OH); 5.64
(s, 2H, -NCH,(CeH4(CHg)); 5.77 (s, 1H, -NCBCH,OH); 7.04-7.77 ( m, 4H, -N(§H4)N- Ar-H);

10.76 (s, 1H, 2-8). *C NMR (100 MHz, CDGJ); & 21.2 (-NCH(CsH4(CHs)); 49.6 (-



NCH,CH,OH); 51.5 (-NCHx(CeH4(CHs)); 58.7 (-NCHCH,OH); 113.0, 113.7, 113.8, 127.0,
128.2, 128.3, 129.5, 129.7, 130.1, 131.2, 131.9188d3 (Ar-C); 143.4 (TH).

2.3. Synthesis of 1-(2-hydroxyethyl)-3-(4-methylbeyl)benzimidazolium chloride, 1c

The synthesis oflc was carried out in the same method as that destrbr 1a, but 4-
methylbenzyichloride (1.41 g, 10 mmol) was used instead of Zhgikenzylchloride.Yield: 88
% (2.66 g); m.p.: 135-137 °@;cn): 1562 cnit; vo.ny: 3305 cni. Anal. Calc. for GH;oCIN,O:
C: 67.43; H: 6.32; N: 9.25. Found: C: 67.59; H:8.4: 9.19."H NMR (400 MHz, CDC}); &
2.24 (s, 3H, -NChKCgH4(CH3)); 4.08 (s, 2H, -NE,CH,OH); 4.70 (s, 2H, -NCKCH,0OH); 5.64
(s, 2H, -NGH,(CsHa(CHs)); 5.77 (s, 1H, -NCHCH,0H); 7.09-7.68 ( m, 4H, -N(g1,)N- Ar-H);
10.89 (s, 1H, 2-8). *C NMR (100 MHz, CDGJ); & 21.2 (-NCH(CsH4(CHs)); 49.6 (-
NCH,CH,OH); 51.5 (-NCH»(CeH4(CHs)); 58.7 (-NCHCH,OH); 113.0, 113.7, 127.0, 128.2,
128.3, 129.4, 130.1, 131.2, 131.9, 132.6 and 1@9:X); 143.4 (2€CH).

2.4. Synthesis of 1-(2-hydroxyethyl)-3-(2,4,6-trintylbenzyl)benzimidazolium chloride, 1d

The synthesis olld was carried out in the same method as that destridr 1a, but 2,4,6-
trimethylbenzyl chloride (1.69 g, 10 mmol) was usestead of 2-methylbenzyghloride.Yield:
83 % (2.74 @); m.p.. 181-183 °Gycny 1557 cni; vony 3241 cni. Anal. Calc. for
C1gH2:CIN,O: C: 68.97; H: 7.01; N: 8.47. Found: C: 69.09; H11; N: 8.51'H NMR (400
MHz, CDCBh); 8 2.20-2.23 (s, 9H, -NCHCsH2(CHs)3); 3.94 (s, 2H, -NE,CH,OH); 4.67 (s, 2H,
-NCH,CH,0H); 5.63 (s, 2H, —=NB,(CeH2(CHs)3); 5.78 (s, 1H, -NCHCH,OH); 6.86 (s, 2H, —
NCH,(CgHa(CHs)s); 7.38-7.86 ( m, 6H, Ar-H); 9.93 (s, 1H, 4% °C NMR (100 MHz, CDGJ);

5 20.1-21.1 (-NCH(CgH2(CHg)s); 46.7 (-NCH,CH,OH); 49.9 (-NCHo(CHo(CHs)s); 59.1 (-
NCH,CH,OH); 113.4, 113.6, 124.8, 126.2, 126.3, 127.1, §2829.2, 130.1, 131.1, 131.4,
131.9, 138.0, 138.1 and 139.8 (B): 142.3 (2€H).

2.5. Synthesis1-ethyl-3-(2-hydroxyethyl)benzimidazioim bromide, 1e

The synthesis ofie was carried out in the same method as that descirela, but ethyl
bromide (1.1 g, 10 mmol) was used instead of 2-glietimzyl chloride. Yield: 88 % (2.38 g);
m.p.: 96-98 °Cvcny: 1560 cnif; vio.y: 3325 cni. Anal. Calc. for GH1sBrN,O: C: 48.72; H:



5.58; N: 10.33. Found: C: 48.79; H: 5.62; N: 1031 NMR (400 MHz, CDCJ); & 1.65 (t, 3H,J

= 8 Hz -NCHCHs); 3.90 (s, 1H, -NCBCH,0H); 4.02 (t, 2H,J = 6 Hz -NGH,CH,OH); 4.54 (t,
2H, J = 6.7 Hz -NGi,CHy); 4.72 (t, 2H,J = 4 Hz -NCHCH,OH); 7.52-7.85 ( m, 4H, -
N(CsHa)N- Ar-H); 10.42 (s, 1H, 2-8). **C NMR (100 MHz, CDGJ); & 14.7 (-NCHCHs3); 43.0
(-NCH,CH,0OH); 59.5 (-NCHCH,OH); 49.8 (-NCH,CHs); 113.0, 114.0, 127.0, 127.1, 127.8,
131.0, 131.2 and 131.9. (A, 141.7 (2€H).

2.6. Synthesis of 1-(2-hydroxyethyl)-3-isopropylbesimidazolium bromide, 1f

The synthesis oif was carried out in the same method as that descfdyela, but isopropyl
bromide (1.23 g, 10mmol) was used instead of 2-glieéimzyl chloride. Yield: 79 % (2.25 Q);
m.p.: 146-147 °Cycny: 1548 cnl; vio.ny: 3323 cnil. Anal. Calc. for GH;7BrN,O: C: 50.54; H:
6.01; N: 9.82. Found: C: 50.61; H: 6.06; N: 9. F9NMR (400 MHz, CDCJ); 61.78 (d, 6HJ =

4 Hz -NCH(Hs),); 4.08 (s, 2H, -NE,CH,OH); 4.10 (s, 1H, -NCbCH,OH); 4.80 (s, 2H, -
NCH,CH,0H); 4.92 (m, 1H,-NEI((CHs)); 7.57-7.81 ( m, 4H, -N(H4)N- Ar-H); 10.36 (s, 1H,
2-CH). °C NMR (100 MHz, CDG); & 22.4 (-NCHCHs),); 49.6 (-NCH,CH,OH); 51.9 (-
NCH(CHs),); 59.1 (-NCHCH,OH); 113.4, 113.8, 127.1, 127.3, 130.6 and 132AL-Q); 140.4
(2-CH).

2.7. Synthesis of 1-(2-hydroxyethyl)-3-methylbenziidazolium iodide, 2a

For the synthesis d?a as described in the literature [30], 1-methylbemdazole(1.3 gr, 10
mmol) and 2-iodoethanol (1.25 g, 10 mmol) was added inFOMmL). Yield: 83 % (2 g); m.p.:
148-150°C, vicny: 1568 cnif; viony: 3326 cnt. Anal. Calc. for GoH1aN,O: C: 39.49; H: 4.31;
N: 9.21. Found: C: 39.41; H: 4.27; N: 9.151 NMR (400 MHz, DMSO-¢), 6 4.12 (s, 3H,
NCHa); 4.57 (t, 2H, J: 4, NB,CH,OH); 3.83 (m, 2H,J: 6.6, NCHCH,OH); 5.19 (s, 1H,
NCH,CH,OH); 7.72-8.10 (m, 4H, AH); 9.69 (2-GH). *C NMR (100 MHz, DMSO-g), § 33.7

(NCHs3); 49.9 and 5.1 (SH,CH,OH); 114.0, 114.2, 126.8, 126.9, 131.6 and 132r3GA 143.4

(2-CH).

2.8. Synthesis of 1-ethyl-3-(2-hydroxyethyl)benzirdazolium iodide, 2b



The synthesis oRb was carried out in the same method as that descifibe2a, but 1-
ethylbenzimidazolé1.5 g, 0.6 mmol) was used instead of 1-methylbaidazole.Yield: 80 %
(2.25 g); m.p.: 135-136 °Gjcny: 1566 cm'; vy 3341 cnt. Anal. Calc. for GiHisIN2O: C:
41.53; H: 4.75; N: 8.81. Found: C: 41.49; H: 4.RD;8.76."H NMR (400 MHz, DMSO-g), &
1.53 (t, 3H,J=7,3 Hz, -NCHCH5); 5.37 (s, 1H, -NChCH,0H); 4.50 (m, 2H-NCH,CH,0H);
4.53 (t, 2H,J=5.0 Hz, NGH,CH,0OH); 2.51 (m, 2H, J:1.6, NE,CHz3); 7.66-8.03 (m, 4H, AH);
9.59 (2-¢4). ®C NMR (100 MHz, DMSO-¢), & 14.6 (NCHCHs); 42.6 and 49.9
(NCH,CH,0OH); 59.1 (N\CH,CHs); 113.9, 114.2,127.1, 131.3 and 131.7 @r-142.1 (2CH).

2.9. Synthesis of 1-(2-hydroxyethyl)-3-isopropylbezimidazolium iodide, 2c

The synthesis oRc was carried out in the same method as that desciibe2a, but 1-

isopropylbenzimidazolél.5 g, 0.6 mmol) was used instead of 1-methylbaidazole.Yield: 70

% (2.1 g); m.p.: 135-137C, vicny: 1557 cnf. vo.ny: 3306 cnit. Anal. Calc. for GoH;7IN,O: C:

43.39; H: 5.16; N: 8.43. Found: C: 43.35; H: 5.43;8.39.’"H NMR (400 MHz, CDC)), 6 1.77

(d, 6H, J=6.7 Hz, NCH(®s),); 4.63 (s, 1H, NCHCH,OH); 4.09 (t, 2H, J=4.8 Hz,

NCH,CH,0OH); 4.79 (t, 2H,J=4.0 Hz, NGH,CH,OH); 4.92 (m, 1H, J:6.6 Hz, N@(CHs),); 7.57-

7.82 (m, 4H, ArH); 10.32 (2-&1). *°C NMR (100 MHz, CDGJ), § 22.4 (NCHCHs3),); 49.6 and
51.9 (NCH,CH2OH); 59.1 (NCH2(CHs),); 113.4, 113.8, 127.1, 127.3, 130.6 and 132.1QAr-
140.4 (2CH).

2.10. Purification of hCA isoenzymes and esterasetavity assay

The purification and inhibition studies hCA | anbdisoenzymes were purified according to
methods described by Gocer et al [60]. The protgiantity in the purification step was also
determined spectrophotometrically at 280 nm. Fsuaiizing of both CA isoenzymes purity,
sodium dodecyl sulphate-polyacrylamide gel eledtoopsis (SDS-PAGE) was performed. The
esterase activity of CA isoenzymes was measuredrdiog to the method described by
Verpoorte et al [61]. The change in absorbance48tr8n of 4-nitrophenylacetate (NPA) to 4-
nitrophenylate was recorded spectrophotometridalty3 min at room temperature. NPA was
used as the substrate (Figure 1). The reactiorconiained 50 mM Tris—S(buffer (pH 7.4), 3.0

mM 4-NPA, distilled water, and purified enzyme. Tinéibition studies of the esterase’s were

carried out by adding of inhibitor substance afedlédnt concentrations to the medium instead of



part of the distilled watetnhibitory activity was expressed as IC50 valuée oncentration at which
50 % of the enzyme activity inhibited), which wearalculated using Graphpad Prism 5.0 from a dose-

response curve. Each experiment was carried dtiplisates.

)?\
O CHs OH o
\'\ Carbonic anhydrase )J\
| + H,O = + HiC OH
/
NO; NO;
p-Nitrophenyl Acetate p-Nitrophenol Acetate
(p-NPA) (p-NP)

Figure 1.The mechanism in the conversion of 4-nitrophenylacetaté-nitrophenol by Carbonic

anhydrases.
2.11. Xanthine oxidase activity assay

XO activity was determined by quantifying the ambahuric acid produced from xanthine in
the reaction mixture. Inhibition of XO catalyzedacdon was measured by observing the
decrease in the uric acidrmation at 294 nm. The reaction mixtures contath U XO, 50 mM
phosphate buffer (pH 7.4), different concentrataintested compounds and 1 mM xanthine
prepared freshly was added to initiate the reacfidre reaction mixture was incubated for 10
min at 37 °C before added xanthine, then xanthiag added to start the reaction and the activity
was measured at wavelength 294 nm. All the expertisneere performed in triplicates, then the
average of three reading was taken. Allopurinol wsad as a positive control. Then inhibition
percentage (I§3) of XO was founded in terms to decrease in uric &mithation as compared to
the product formation in absence of inhibitor. Sopipg information includes sample graph that
enzyme inhibition activities are monitored by thesarption pattern as function of time for XO.
The percent inhibition (163) of XO activity was calculated as the following:

Xanthine oxidase inhibition (%) = (Anroi— Asample Acontrol) 100

3. Results and discussion

3.1. Synthesis of 2-hydroxyethyl substitutetHC Precursors (1a-f and 2a-c)
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The 2-hydroxyethyl substituted NHC precursors weyethesized successfully that have been
illustrated in Scheme 1 and Scheme 2. The compaleehave been synthesized from the 1-(2-
tetrahydro-pyran-2-yloxyethyl)benzimidazole andydryl halide (2-methylbenzyl chloride, 3-
methylbenzyl chloride, 4-methylbenzyl chloride, BArimethylbenzyl chloride, ethyl bromide,
isopropyl bromide). The compounéda—chave been synthesized from tRealkylbenzimidazole
(Alkyl: methyl, ethyl and isopropyl) and 2-iodoettfh. The chemical structures of all
compounds were confirmed Bii NMR, **C NMR, FTIR spectroscopy and elemental analysis
technigues. The air and moisture stable NHC precsiare soluble both in polar solvents such as
water, dimethylsulfoxide and in halogenated solsesuch as dichloromethane and chloroform.
The NHC precursors (chlorinated and brominatedssal-f were obtained as a white solid in
between 79 % and 91 % vyield. The NHC precursordiZenl salts)2a-c were obtained as a
yellow-brown solid in between 70 % and 83 % yielthe formation of the 2-hydroxyethyl
substituted NHC precursofsa—f and 2a—cwas confirmed by FT-IR'H NMR and**C NMR
spectroscopic methods and elemental analysis tgebsi These spectra are consistent with the
proposed formulate. In thtH NMR spectra, the 2-hydroxyethgubstituted NHC precursors
were identified by a characteristic proton peathat2-position (NEIN) of the NHC precursors,
which appeared highly downfield shifted singled4it0.68, 10.76, 10.81, 9.93, 10.42, 10.36,
9.69, 9.59 and 10.32 ppm fba-f and2a-g respectively. The 8HN carbon resonances of these
NHC precursors in th&’C NMR spectra appeared highly downfield shiftedt43.9, 143.4,
143.4, 142.3, 141.7, 140.4 143.4, 142.1 and 14pm for (La-f and 2a-c) respectively. The
results of the elemental analysis were evaluatelitawas observed that the calculated values
were very close to the found values. The FTIR d&arly indicated the presencewgén) 1557,
1559, 1562, 1557, 1560, 1548, 1568, 1566 and 1B656%7far the NHC precursorsa—f and2a-c,
respectivelyThe FTIR data clearly indicated the presence@f) 3175, 3237, 3305, 3241, 3325,
3323, 3326, 3341 and 3306 ¢nior the NHC precursorda—f and 2a-c, respectively.All
spectroscopic data are consistent with the liteeaf9-31]. In this study, we obtained a single

crystal for NHC precursd?a by using the X-ray diffraction method.
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3.2. Enzyme inhibition studies

Novel synthesized derivatives have recently coeiihtio attract attention, as many enzyme
inhibitors. In this study both CA isoforms (hCA | &) were firstly purified by affinity
chromatography sepharose-4B-L-tyrosine-sulfanilamida single purification step. The eluates
protein from the column were measured spectrophetiocally at 280 nm. CA isoforms

activities were measured according to a procedeserded by Verpoorte et al.. The changes in
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the absorbance at 348 nm for 4-nitrophenylaceta#-nitrophenolate was fallowed kinetically
for 3 min by using a spectrophotometer. CA isoergyrave attracted this type of interest for
the design of inhibitors or activators with pharmagtical and physiological biomedical
applications. In this study, inhibition propertiessome novel 2-hydroxyethyl substituted NHC
precursors against hCA | and Il isoenzymes wererdenhed. For both isoenzymes, esterase
activity method was used for determination ofj@alues as inhibition parameter. The range of
ICs0 value for hCA | inhibition was determined from 56b6+0.178 to 0.5127+0.043M as
shown in Table 2 and Fig. 2a. Compoud showed the lowest Kg value found as
0.1565+0.178 uM, on the other side compountlb showed the highest g value as
0.5127+0.043M, on the other side the range os¢@alue for hCA Il inhibition was determined
from 0.1524+0.013 to 0.5368+0.042M. Compoundld showed the lowest Kg value as
0.1524+0.013uM, on the other side compountla showed the highest ¢ value as
0.5368+0.042:M. Cytosolic hCA | and Il are expressed in red bl@ells and are necessary for
maintaining the physiological pH of the blood thgbuproduction of HC@. Abnormal levels of
CA 1 in the blood are used as a marker for hemolgtiemia. Behgeat al. found that 2-(4-
hydroxyphenyl)ethyl and 2-(4-nitrophenyl)ethyl stittged benzimidazolium salts were inhibited
the cytosolic isoform hCA | and hCA I, with igvalues in the range from 40.81 to 7992
and from 44.91 to 107.02, respectively [31]. Irsthtudy, the2c compound contains the iodide
anion. Therefore, the solubility of this compoundhe water system is higher thaa-f. The 2c
compound has also more steric bulk due to isoprgpgp compared witl2a-2b (containing
methyl and ethyl groups). This steric bulk provid@&graction between salt, and active center of
the enzymes. Thus, the decrease in thg V@lues of the compoundc has observed. These
results are similar with the inhibition level of rosome 2-hydroxyethyl substituted NHC

precursors [30].

The XO inhibitory activities of 2-hydroxyethyl sulisted NHC precursors are given in Table 2
and Fig. 2b, as half maximal inhibitory micromotancentration (I6) values. The experimental
results indicated that all 2-hydroxyethyl subsatutNHC precursors showed remarkable
inhibition activity toward XO as compared with teandard allopurinol. The range ofsivalue
for XO inhibition was determined from 1.253 + 0.0845.342 + 0.168M as shown in Table 2
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and Fig. 2. Compountid showed the lowest Kgvalue found as 1.253 £ 0.08M, on the other
side compoundlf showed the highest kg value as 5.3421M. The 1G5 for allopurinol was
determined as 4.2M as a positive control. Compourfd which includes trimethyl benzyl
substituent has demonstrated high inhibition efeechCA I, hCA Il and XO compared to other
complexes due to trimethylbenzyl substituent conmgold has steric bulk that has more Van
Der Walls interaction between enzyme and compolmeddition, iodide salts2p and2c) have
demonstrated more inhibition effect on all enzyroespared to chloride saltédand1f) due to
iodide salts have a higher solubility than chlorghdts. This property of iodide salts might
contribute in higher inhibition activity of comples. In a previous study, the range ofglalue
for XO inhibition was determined from 4.608 to 7408M for some pyrrole carboxamide
derivatives by Kibriz et al. [59] Zhang et al. foled the range from 6.7 to 48M for 17
compounds of benzonitrile derivatives asl@alue for XO inhibition [62]. In another study,
inhibitory effect of natural plant flavonoids on Xéhzyme was found that 4¢was in between
4.5 and 21.31ig/mL [63]. Our results showed that 2-hydroxyetbybstituted NHC precursors
have potential inhibition activity against hCA CA Il and XO. When examined the Table 2 and

Fig. 2, there are some compounds exhibited morenkdition activity than allopurinol.

Table 2. The 1G value of 2-hydroxyethyl substituted NHC precursomsboth human carbonic

anhydrase isoenzymes (hCA | and Il) and xanthindame enzyme (XO).

ICs0 (UM)
hCA | r? hCA Il re X0 r?
Compounds
la 0.4875 +£0.039 0.98950.5368 +0.042 0.97422.445 +0.140, 0.9997
1b 0.5127 +0.043 0.9867| 0.4898 £0.039 0.9986 4.219 +0.079 0.9951
1c 0.3957 +£0.069 0.98970.3186 +0.079 0.97681.914 +0.072 0.9800
1d 0.1746 +0.096 0.9876/ 0.1524 +0.013 0.9784 1.253 +£0.084 0.9771
le 0.3955 +0.072 0.97860.3257 +0.059 0.98795.342 +£0.168, 0.9617
1f 0.4236 +0.125 0.9985| 0.3646 +£0.086 0.9897 4.992 + 0.113| 0.9915
2a 0.3568 +0.079 0.98790.3246 +0.178 0.96582.877 +0.042, 0.9888
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Figure 2. The IC50 values of NHC precursors on a) hCAl andh) XO enzymes.
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3.3. Structural description of 2a

The molecular structure @ with displacement ellipsoids drawn at 30% probapievel is
as shown in the Fig. 3. The asymmetric unit costan iodide anion and a cation features
hydroxyethyl and methyl groups substituted\tdoenzimidazole ring. The single crystal X-ray
diffraction studies indicate that tiNbenzimidazole ring system together with C8 and ©#na
is essentially coplanar with a mean deviation @18. A. The hydroxyethyl moiety is tilted
towards to the iodide anion with the torsion angfeN2-C9-C10-O1 = -65.4(6)°. Bond
parameters such as bond lengths and angles areacaivig with our previously published

structures of NHC salts consisting iodide ions [30]

Crystal packing of2a is consolidated byintramolecular hydrogen bonds and
intermolecular weak interactions involving the welianion. Thelions behave as a H-bond
acceptor in the crystal structure, resulting in thenation of two-dimensional supramolecular
array (see Table 3 and Fig. 4.). lodide anions eonthe cation molecules with C1-H1A.!-11
and C6—H6- - - [lintermolecular interactions along thexis, while connecting the moleculéia
O1-H1:--11hydrogen bond and C6-H6- - linteractions along thé axis. In the view of this
result, molecules form one-dimensional polymeriinite zigzag chains along treeand b axes

with the C(7) and C(8) motif, respectively.

Table 3.Intramolecular hydrogen bond and intermoleculaakiateractions [A,°] fo2a.

Compound D—H--A D-H H--A D--A D—-H--A
2a O1-H1-I1 0.9C 256 3.455(4) 172
C1-H1A-11' 0.9¢ 2.88 3.76¢(5) 160
C6-H6-11" 0.97 3.01 3.92€(5) 167

Symmetry codes:(i) 3/2-x, 1/2+y, 1/2-z; (i) 1/2-x, 1/2+y, 1/2-z
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Figure 3. Molecular structure oRa, anisotropic displacement parameters depicting 30&bability.
Selected bond parameters (A,°): 01-C10 1.400(6};QN11.336(5), N1-C2 1.376(5), N1-C8 1.469(5),
N2-C1 1.328(6), N2—C7 1.383(5), N2—C9 1.470(5); G1-N2 109.6(4), C1-N1-C8 124.4(4), C1-N2—
C9 124.8(4), N2-C9-C10 111.6(3), C9—-C10-01 112.208-N1-C2 127.3(4), C9-N2—-C7 126.3(4);
N1-C1-N2-C9 -177.7(3), N2—C1-N1-C8 179.2(4), C1-B-C10 86.6(5), N2—-C9-C10-01 -65.4(6),
C3-C2-N1-C8 2.0(7), C7-N2—-C9-C10 -89.0(5), C6—C7a®-4.2(6)

Figure 4. Packing of the cation moleculega the intramolecular hydrogen bonds and intermobacul

interactions, bridged by the iodide anions, whielad to the infinite chain along tleeand b axes. All
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hydrogen atoms except those participating in thdrdgen bonds were omitted for clarity. Cation

molecules are shown in stick drawing style.

4. Conclusions

Consequently, we have reported the synthesis of2thgdroxyethyl substituted NHC
precursors. They have been characterized'thyNMR, *C NMR, FTIR spectroscopy and
elemental analysis techniques. Molecular and dry@tacture of2a has been determined by
single-crystal X-ray diffraction method. Structueadalysis has shown that the iodide ion acts as a
H-bond acceptor and plays on important role forstadilization of crystal structure, considering
its contribution to the formation of the 2D suprdewular architecture All the synthesized 2-
hydroxyethyl substituted NHC precursors inhibitedtatolic enzymes hCA I, hCA Il and XO
effectively as compared with the standards.
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Highlight
1. The 2-hydroxyethyl substituted NHC precursors have been prepared.

2. The 2-hydroxyethyl substituted NHC precursors have been characterized by using
spectroscopy and elemental analysis techniques.

3. The 2-hydroxyethyl substituted NHC precursors were investigated against the cytosolic

carbonic anhydrase | and 11 isoenzymes (hCA | and hCA I1), and xanthine oxidase (XO).

4. The structure of a new 2-hydroxyethyl substituted NHC precursor was established by using
single-crystal X-ray diffraction method.



