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STRUCTURAL ANALYSIS OF 2-(2,4,5-TRIPHENYL-1H-IMIDAZOL-1-YL)ETHAN-1-OL
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Theoretical NMR shifts and coupling constants of 2-(2,4,5-triphenyl-1H-imidazol-1-yl)ethan-1-ol
have been calculated through the use of B3LYP/EPR-III level of theory in DMSO medium. It found
that the gauche conformer is 1.5 kcal/mol more stable than anti-conformer. The calculation fairly
matches with obtained X-ray structure. Based on Boltzmann relationship, the gauche and anti-
structure population was observed conformably to theoretical NMR shifts. Note that the theoretical
and experimental NMR shifts and coupling constants were in a good agreement with each other.
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INTRODUCTION

Imidazoles are important compounds for
drug design. They are used as antifungal [1],
anti-inflammatory [2], antibacterial [3] and
anticancer [4] agents. Imidazole scaffold is also
required for preparation of ionic liquids which is
thought to be a valuable solvent and catalyst in
organic synthesis. Considering the importance
of the compounds stated above, imidazoles have

become a challenge for many scientists in terms
of synthesis and structural analysis [5].

We chose 2-(2,4,5-triphenyl-1H-imidazol-1-yl)
ethan-1-ol to inquiry into its theoretical and X-
ray structure as well as identify correlation
between theoretical and experimental NMR
shifts.

RESULTS AND DISCUSSION

We optimized gauche and anti-conformers
of 2-(2,4,5-triphenyl-1H-imidazol-1-yl)ethan-1-
ol, to reveal that the gauche conformer is 1.5
kcal more stable than the anti-conformer in
DMSO medium (Scheme 1). This is expected
since the X-ray structure (Scheme 2) is found to

be in the gauche conformation in the solid
phase. The only difference between these two
conformers is hydroxyethanyl (HO-CH2-CH2-
N) group orientation in space. Herein, we focus
on this moiety in order to reveal relationship
between experimental and theoretical results.
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Scheme 1. Optimized structures of anti and gauche conformers of 2-(2,4,5-triphenyl-1H-imidazol-1-yl)ethan-
1-ol in DMSO (using SMD salvation method) at the B3LYP/6-31G* level of theory.
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Scheme 2. X-ray structure of 2-(2,4,5-triphenyl-1H-imidazol-1-yl)ethan-1-ol.

Conformer populations are calculated by
the Boltzmann equations (Eq 1 and 2) as
follows:

:;ii: o —AG/RT Eq 1
g t1a=" Eq 2

As a result, we found that the gauche conformer
population is 93% in DMSO. We noticed that
population percentages are applicable to the

Tan =7 5 TiHeacse T o JeHEnt

ECHZ =7 Q’SEHZI:QEHC?EE} + a Efﬂzfgnrg‘:

This is effective where 5 jand »  represent

the populations, as well as *Jpgrg OF *Jiara Values
of the intrinsic 3J of the conformer gauche and
anti, respectively. As seen from the
experimental 'H NMR shifts (see below),
hydrogens of methylene carbons are chemical
and magnetic equivalents, since the coupling

gauche and anti-conformers as theoreticalNMR
shifts as well as to 3Jun coupling constants of the
hydroxyethanyl moiety of the product. The 3Ju

theoretical values are obtained for each
conformer at the B3LYP/EPR-III level of
theory. This is done because of their

combination used in the newest literature for
NMR prediction of organic molecules [6].

The contribution of each conformer to the
observed *Ju and 8y, Can be estimated by

the following equations (Eq 3 and 4):

Eq 3
Eq4

patterns are triplet for CH, bonded to nitrogen
and quartet for CH, bonded to hydroxyl group.
In the table below, intrinsic °J values and
chemical shifts are listed for each conformer.
Their contribution to the total theoretical value
based on the population of each conformer is
shown in the equilibrium.

Intrinsic 3J values and SEHzfor each conformer and its contributionto the theoretical *Juy value (Hz)
and Ssz(ppm) weighted by conformer population.

a(gauche) 6“6\ 6“9

3.22

E(anti)

3.70 027 299

d(calc.)

3.26

8(exp.) | hydroxyethanyl

3.22 HO-CH,-CH,-N
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3.50 3.62 0.25 3.36 3.61 3.98 HO-CH,-CH,-N
3\JHH(gauche) 3‘]HH(anti) g3\]HH(gauche) as\]HH(anti) 3‘]HH(CaIC') 3‘]HH(eXp')
5.4 9.2 5.0 0.6 5.6 6.4

Experimental 'H '*C NMR shifts and
coupling constants of 2-(2,4,5-triphenyl-1H-
imidazol-1-yl)ethan-1-ol

'H NMR (500 MHz, DMSO) & 7.80 (d, J = 7.1
Hz, 2H), 7.58 — 7.44s (m, 8H), 7.39 (d, J = 7.4
Hz, 2H), 7.18 (t, J = 7.5 Hz, 2H), 7.11 (t, J = 7.3
Hz, 1H), 4.87 (t, J = 5.4 Hz, 1H), 3.98 (t, J = 6.4
Hz, 2H), 3.22 (g, J = 6.2 Hz, 2H).

3C NMR (75 MHz, DMSO) & 147.58, 137.02,
135.20, 131.73, 131.58, 131.47, 130.27, 129.53,

129.30, 129.11, 128.96, 128.49, 126.57, 126.52,
59.78, 46.95.

The intrinsic %) value for the anti-conformer is
larger than that for the gauche, which
corroborates the Karplus relationship for 2Ju
[7]. The theoretical *Juy is close to the value
measured in the experimental (CJun = 6.4 Hz).
(See above for experimental NMR data) to
reaffirm the fact that in DMSO solution the
hydroxyethanyl radical of the tetra-substituted
imidazole is in the gauche conformation.

REFERENCES

1. Raphael I. Benhamou, Kfir B. Steinbuchand
Fridman M. Antifungal Imidazole-Decorated
Cationic Amphiphiles with Markedly Low
Hemolytic Activity. Chemistry — A European
Journal. 2016, vol. 22, pp.11148-11151.

2. Bensasson R.V., Frederiksen J., Rougee M.,
Lexa D. and Harrit N. Correlations between the
rate constant of singlet oxygen quenching by
imidazole derivatives and anti-inflammatory
activity in rats. Molecular Pharmacology. 1992,
vol. 42, pp. 718-722.

3. Hodyna D., Kovalishyn V., Rogalsky S.,
Blagodatnyi V., Petko K. Antibacterial Activity
of Imidazolium-Basez lonic Liquids
Investigated by QSAR Modeling and
Experimental Studies. Chemical Biology and
Drug Design. 2016, vol. 88, pp. 422-433.

4. Gudipudi G., Sagurthi S.R., Perugu S.,
Achaiah G. and Krupadanam D. Rational design
and synthesis of novel 2-(substituted-2H-
chromen-3-yl)-5-aryl-1H-imidazole derivatives
as an anti-angiogenesis and anti-cancer agent.
RSC Advences. 2014, vol.4, 56489-56501.

5. Rajaraman D., Sundararajan G., Rajkumar R.
Synthesis, crystal structure investigation, DFT
studies and DPPH radical scavenging activity of
1-(furan-2-ylmethyl)-2,4,5-triphenyl-1H-
imidazole derivatives. Journal of Molecular
Structure. 2016, vol. 1108, pp. 698-707.

6. a) Favaro, Denize C. Ducati, Lucas C.dos
Santos et al. Stereochemical dependence of
3JCH coupling constants in 2-substituted 4-t-
butyl-cyclohexanone  and  their  alcohol
derivatives. Journal of Physical Chemistry A.
Dec 22, 2011, vol.115, Issue 50, pp.14539-
14545.

b) Contreras R.H. and Tormena C.F.
Experimental and DFT studies on the
transmission  mechanisms  of  analogous

NMRJCH and JCC couplings in 1-X- and 1-X-
3-methylbicyclo[1.1.1]-pentanes. Magnetic
Resonances in Chemistry. 2007, vol. 45, pp.
572-577.

7. Karplus M. Contact Electron-Spin Coupling
of Nuclear Magnetic Moments. The Journal of
Chemical Physics. 1959, vol. 30, pp.11-15.

KiMYA PROBLEMLORI Ne 4 2017



396 Yu. ABDULLAYEV

2-(2,4,5-TRIFENIL-1H-IMIDAZOL-1-IL)ETAN-1-OLUN STRUKTUR ANALIZI
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2-(2,4,5-trifenil-1H-imidazol-1-il)etan-1-olun nazari NMR parametrlori B3LYP/EPR-111 metodu ilo
DMSO miihitindo  hesablanmisdwr. Qaus konformasiyasimin  antidon daha stabil oldugu
miiayyanlosdirilmisdir. Boltzman alagasi asasinda Qaus va anti konformasiyalarimin papuliasiya
analizi edilmis vo NMR parametriaorin totbig edilmisdir. Nozori olaraq alds edilmis natica praktiki
NMR parmetrlori ila USt-iisto diigmiigdiir.

Acar sazlar: konformasion analiz, Qaus konformasiyasi, anti-konformasiya
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Boiuucnenvt meopemuueckue AMP-napamempor 2-(2,4,5-mpugpenun-1n-umuoason-1-un) sman-1-
ona memooom  B3LYP/EPR-IIl 6 cpede JIMCO u ycmanoereno  coomeemcmeue
IKCHEPUMEHMATILHBIX U MeoPemu4ecKux OaHHbIX.
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