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1. Introduction

Tetrahedron

obtained from the X-ray structural analysis datee(se.g.,
papers)? In the repoft’ the X-ray data for 1-hydroxyimidazole

1-Hydroxyimidazole derivatives are known not only asqerivatives were considered with regard to theircsmetic form

valuable intermediates in the syntheses of imidezdlut also as
biologically active compounds. For example, it lb@en shown
that 1-hydroxyimidazole derivatives display inseical and
herbicidal propertieéexhibit antiprotozoal activity

It is supposed that 1-hydroxyimidazoles exist ithei N-
hydroxy or N-oxide tautomeric form.

HO 0
N~ Ra N~ R4
Ry— I - R,—~ I
N 5 N
H 5
(@ (b)

Scheme 1. Prototropic tautomerism of 1-hydroxyirnales.

Studying the prototropic tautomerism for potengiall
biologically active compounds constitutes an imaottpart in
Drug Discovery. Recently some new studies dealing with
coordination properties of 1-hydroxyimidazoles happeared?’
Undoubtedly, the data concerning the tautomeric $ooh the
compounds under consideration are also importarthfe line of
investigation.

The prototropic tautomerism of 1-hydroxyimidazodesl their
benzannelated analogues has not been much investiga

The tautomerism of these compounds was discusseapiers
published in the 19608 This discussion was summarized in
A.R. Katrizky's paper in which the results of previous papers
have been considered. It has also been shown bgxtdraple of
1-hydroxy-2,4,5-triphenylimidazole and 1-hydroxyhkenidazole
that these compounds existed predominantly as
hydroxytautomers in non-polar solvents. An increasethe
solvent polarity resulted in an increase of the Xide form
content. The main conclusions were based on thdssityiof the
absorption spectra of the compounds under congiderand
some model compounds (N- and O-methyl derivativasy the
comparison of their pKa values in aqueous solutions

In later paper$*’ the position of coalescent signal in tfii
NMR spectra for 1-hydroxybenzimidazole and 2-phelyl-
hydroxybenzimidazole made it possible to deterntiveeratio of
the tautomeric forms in the equilibrium. It was simothat the
equilibrium shifted to the N-oxide tautomer with ttlecrease of
the solvent (DMSO, MeOH, GEH,0OH) pKa'® which
corresponded to the Katrizky's data.

However, in Castellano’s paprit was supposed that the
solvent polarity far not always significantly influees on the
tautomer ratio. ByH NMR spectroscopy it was shown that the
predominance of one or another tautomeric form-oft®- and
6-ethoxycarbonyl-1-hydroxybenzimidazol-2-carboxylic acids
derivatives was related to proton-donor (proton-pta
properties of the solvent. The hydrogen-bond-acefitiBA)
solvents stabilized the N-hydroxy tautomer, whiledfogen-
bond-donor (HBD) solvents, the N-oxide one. In solsethat
could act as both, the stabilization of one or heptform
depended on the acid-base properties. In less poleents (such
as chloroform) the predominance of one of the taers
depended on intramolecular interactifighe prototropic
tautomerism of 1-hydroxybenzimidazoles in the salidte was
alsolgonsidered by means of IR-spectroscopy anady>analysis
data.

stabilization.

The stabilization of a tautomer in the crystal estiatachieved
due to inter- and intra-molecular interactions aleghends on a
nature of imidazole ring substituents. Interesyngl has been
reported that in the molecule of 1,1’-dihydroxy-2#midazole
derivative one imidazole ring existed in the N-hydr form
while the second imidazole ring was found to occuthi@ N-
oxide form?®

Previously we have studied the prototropic tautosmerof 2-
(3-chromenyl)-1-hydroxyimidazoléd. By X-ray diffraction
analysis it was shown that in the crystal state tloesspounds
exist in the N-oxide tautomeric form. According tetH NMR
spectroscopic data in relatively dilute solutioegardless of their
nature, 4,5-dimethyl-2-chromenyl-1-hydroxyimidazebested as
the N-hydroxy tautomer. An introduction of the camiglogroup
in position 5 of 1-hydroxyimidazole shifts the eguium to the
N-oxide tautomer; in this case the proton-donort{preacceptor)
properties of the solvent have an impact on thélibgum. The
weaker the proton-donor properties of the solveat twe greater
is the shift of the tautomeric equilibrium in satut to the N-
oxide form.

In order to continue study of the 1-hydroxyimidazol
derivatives capable of formation of intramoleculaydrogen
bonds (IMHB) here we present an investigation of 2-(2
hydroxyphenyl)-1-hydroxyimidazoles with a carboeghtaining
substituent in position 5 of the heterocycle.

2. Results and Discussion

Np1, Synthesis of compounds

One of the most widespread and convenient methods to
synthesize 1-hydroxyimidazoles is a cyclization sfarting
aldehydes with o-hydroxyiminoketones and ammonium
acetat&®*"?*242634n glcohols or glacial acetic acid.

6 or7 or8;

HO

©fo CH3COONH, N
—_— > S|

OH CH;COOH N [
5 OH
1R = CH,
2R = COCH,4
3R = COOC,H5
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CH3;COOH
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Scheme 2. Synthesis of 1-hydroxyimidazdes

o)
6R= CH3

Hsc YR 7R = COCH,

NOH 8R = COOC,Hs

CHj
CH,

Novel 1-hydroxyimidazole derivative$-4 were synthesized

Unambiguous evidence for the occurence of the Nyy condensation of salicylic aldehy&ewith the corresponding

hydroxyimidazole tautomeric form in the solid statey be
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oximes6-9 and ammonium acetate in glacial acetic acid at 40-

45°C. Starting oximeg-9 were obtained by nitrosation of the
corresponding diketones as described edtlieButanedione
monoxime6 is commercially available.

One of the methods to study prototropic tautomerisnto
compare the spectral data of the compounds undesidmration
with a model molecule that has a structure corredipgnto a
definite tautomer (see, e.g., pap&ts**'and also a reviewy.

Methoxyimidazoles were synthesized as model stresttwr
N-hydroxytautomer. Apparently, N-methoxysubstituted
imidazolesl5-18cannot be obtained by direct methylation due to
a possible methylation of the hydroxy group in tpleenyl
substituent. Therefore, in order to obtain N-methioxdazoles
15-18this group has been protected.

é

1-Methylimidazole 3-oxides were chosen as modekgires *0 0
for the N-oxide tautomer. Imidazole N-oxideK)-12 were ©\/\ C-H-OH
obtained by condensation of salicylic aldehyde with OH 215 OCH,CgH5
corresponding oxime6-8 and methyl amine (as a 40% aqueous 1

solution) in ethyl alcohol at room temperature.

o)
6 or7 or8; \ R
@\O 40% aq. CH3NH2 'N [(
CHsOH ©_<N
2 5 \ CH3
OH ¢cH,
10 R = CHj
11 R = COCH,

12 R = COOC,H5
Scheme 3. Synthesis of imidazole N-oxid€s12.

N-Oxide 13 was obtained in two steps. Reaction of salicylic
aldehyde 5 with aqueous solution of methyl amine led to methoxyimidazoles 24-27 was

azomethinel4. The condensation of the latter with oxif@en
glacial acetic acid at room temperature resulted tanget
compoundL3.

40% aq.

@fo CHaNHy NCHy __ 9
OH OH CH3COOH
5 14

- & QCHS
CHj

CH3

13

Scheme 4. Synthesis of imidazole N-oxid:

Scheme 5. Protection of hydroxyl group.

The condensation of aldehyd#d with oximes 6-9 and
ammonium acetate in glacial acetic acid led to -2-(2
benzyloxyphenyl)-1-hydroxyimidazole20-23 Technically, in
molecules20-23the methylation can proceed either at hydroxyl
in position 1 or at the N(3) nitrogen atom of thedazole ring. It
is known that the methylation of such structuressgeslectively
at the hydroxy group in position 1 (see, e.g., B&1s® The
methylation of compound20-23 was carried out by the
interaction with methyl iodide either in THF in tipeesence of
sodium hydride (synthesis @4) or in DMF in the presence of
potassium hydroxide (syntheses2&F27). N-Methoxyimidazoles
24-27were the only products of this reaction.

The benzyl of 2-(2-benzyloxyphenyl)-1-
removed by catalytic
hydrogenation with hydrogen on the palladium catalys

methanol at room temperature and small excessesspre.

group

It should be mentioned that in the case of 5-methgd 5-
acetyl-1-methoxyimidazole24 and 25 the reduction reaction
resulted in mixture of target N-methoxy derivativiésor 16 and
imidazoles28 or 29 without methoxy groups. A decrease in the
reaction time in the case of compourisor 27 resulted in N-
methoxysubstituted imidazolds” and 18 with an admixture of
starting compound®6 and27.

6or7ors8; 3CO Hj CO
@(’o _CHZCOONH, I __CHd Q_( I 0% Paic ®_< I Q_<
OCH,Ph CH3COOH C}‘< CHa “NaH/THF H, 13am N e, NScH,
19 OCH,Ph or OCHzPh CH30H
20R = CH KOH /DMF _ 15R CH,4 28R CHy
o = CHs 24R =CHs 16 R=COCH; 29 R = COCHj
CH5COONH R = cooe 28RSOt 17 R = COOCHs
3 4 22 R = COOC,H 26 R = COOC,H
CH3COOH 2 25
HON o 3Co Hj CO
0,
Oty o o ﬁjcm ?é:;‘;:" CH o
H
OCH,Ph CHs CH,Ph CHs
23 27 18
Scheme 6. Synthesis of 1-methoxyimidazdlgsl8
It is supposed (see, e.g., R&f&®*®% that 1-

2.2. Study of prototropic tautomerismin the solid state.

hydroxyimidazoles may exist in the two tautomericnie
(Scheme 1). Taking

into consideration possible bgdn
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bonding in the molecules under study, the followittgnost = arrangement (Figure 2). The stacks are runninggalbea-axis.
forms of  the prototropic  tautomers of  2-(2- In a stack the molecules are linked By stacking interactions.
hydroxyphenyl)substituted 1-hydroxyimidazol&4 could be All other intermolecular contacts in crystal packirgf 2
proposed: correspond to van der Waals interactions.

H- Mo
o O o o)
o {
N N
\ | - |
N N
; H
O—H

Scheme 7. Utmost forms of prototropic tautomers-of
carbonylsubstituted 2-(2-hydroxyphenyl)-1-
hydroxyimidazoles.

The structure of 5-acetyl substituted 1-hydroxyiaziodle 2
was determined by an X-ray diffraction study (FigureThe ol 02
planar molecule involves two intramolecular hydrogeonds g - ;_4&(
0O1-H...02 and 0O3-H...N2 closing 6-membered cycles. The WK ; P“
O...H and N...H distances correspond to a hydrogen bond ¢
medium strength.

\3/,
Figure 1. Compound. Structure of formula units: thermal ~ Figure 2. Fragments of crystal packing of compoBii
displacement ellipsoids are drawn at the levela#h5 different projections.
probability.

A confirmation of the presence or absence of intlamdar
In the crystal the molecules are combined inhydrogen bonding may also be found in the IR specf
centrosymmetrically related stacks with the “headiafti mutual ~ compoundsi-4, 10-13 15-18 29 (Table 1).
Table 1.Frequencies (ci) of characteristic absorption bafits IR-spectra of 5-carbonylsubstituted 2-(2-
hydroxyphenyl)imidazoles.

11 2 2xHO 16 29 12 3 17 13 4 18
C=0 1670 1662 1672 1662 1648 1730 1709 1708 1678 6 166 1662
N-O 1304 - 1304 - - 1300 - - 1304 -
(N-oxide)
OCH; - - - 2942 - - - 2939 - - 2870
OH/NH 3023 3116 3089 2981 3132
(N-OH) (OH) (NH) (NH) (OH)

*For complete IR spectra see Supplementary Infoonati

H-bonded OH groups

H,0 in KBr

tance

ssssss

ssssss

%Tr

vvvvvv

UL T
146596 L125083
TS

Wavenumber (o1

Figure 3. IR spectrum of 1-hydroxyimidaz@e



5
bands for the serie8, 11, 16 and 4, 13, 18. Secondly, in all
these three series the position of the absorptiamdbfor the
carbonyl group in 1-hydroxyimidazoles is closerti@at in N-
methoxyimidazoles and is shifted to lower frequesicigith
respect to imidazole N-oxides (Table 1).

ansmitance

aTran:

Obviously, these relative positions of the carbogybup
bands allow us to estimate the total electronic cefief the
differently N-substituted imidazole ring with respem the
electron-withdrawing substituent in position 5. Thus,
heterocycle containing the N-oxide moiety appearde more
electron-withdrawing than the N-hydroxy- or N-methoxy
substituted one.

0
Wavenumber (em

Figure 4. IR spectrum of 1-methoxyimidazale.

HO in KBr

According to the IR-spectroscopic data it may bepsspd
e that in the solid state 1-hydroxyimidazos3 and4 exist in the
N-hydroxy tautomeric form stabilized by two intramoléar
hydrogen bonds (IMHB).

In order to verify the assumption of H-bond lalyilin N-
i Pn hydroxyimidazole2 an infrared spectrum of its hydrate (see
Experimental) has been recorded.

tance

aTrans

Cc=0

0 2000
Wavenumber (em)

Figure 5. IR spectrum of imidazole N-oxidé.

The intramolecular hydrogen bond between the hydgvgyp
of the phenyl substituent and the “pyridine typ&tagen atom
of the imidazole ring may be clearly observed im IR spectra of
N-methoxy substituted compound$-18 A broad band of a
medium intensity at 2500-2800 &ntan be attributed to the H-
bonded hydroxy group.

bound H,0 of hydrate

zzzzzz
aaaaaa

ransmittance

ssssss

T

1537
sssss

A band corresponding to this kind of intramolecuigdrogen
bond (IMHB) is lacking in the spectra of imidazoleoXides10- . e ) .
13. n these compounds the band for the Okrgroup e "I L BREGTEESE Vs O s
(probably H-bonded with the oxygen atom of the Neexi 2 y (

; , . . ~ band of medium intensity at 3450 ¢jn the band for bound
r2n605|gt3é)n_1zlipparently has a lower intensity and is otk at 2500 water of hydrat@ appears as a strong broad band at approx. 3380

cmi’.
As for N-hydroxyimidazole®, 3 and 4, a broad band of a
medium intensity appears at 2500-2800"(#), 2300-2500 ci
(3); 2550-2700 crl (4). This band is similar to the one for the
hydroxy group of the phenyl substituent in the $peof N-
methoxyimidazole45-18

Interestingly, the band for the carbonyl group gilfate2 is
10 cmi’ shifted to higher frequencies (1672 tmAt the same
time the intensity of the absorption band for thél- “
hydroxygroup” at 3000-3100 cMh increases, whereas the
intensity of the absorption band for the OH-grouptaf phenyl

The shapes of the absorption bands corresponditigetbwo  substituent decreases. It seems that N-hydroxyipida?2
fragments of the second hydrogen bond are also worthontaining bound water exists in the N-oxide tautdcnérm
discussing. The H-bonded hydroxy group of imidazgipears as and the band at 3000-3100 troorresponds to the NH-group
broad strong band with maximum absorption at 3023 fon5-  vibrations. By the way, the band for the NH-grouginmdazole
acetylimidazole2, at 2981 cni for 5-ethoxycarbonylimidazold 29 is intense and it is situated at 3089 'ciike the band in
and at 3132 cihfor benzimidazolet. A significant shift of the hydrate2 (See Supplementary).
band towards higher energies may be explained byyocager

IMHB in compoundd with the fixed carbonyl group. The fact that hydrat® exists as the N-oxide is also confirmed

by the band at 1304 ¢hwhich may be attributed to the N->O
It should be noted that in the IR-spectra of N-stretch. A similar band is also present in the IRespum of N-
methoxyderivativesl6-18 and N-oxidesl1-13 the C=0O group oxide 11 but it is lacking in the spectra of N-methoxyimidée
stretching vibrations appear as strong narrow baddbke that 16 and anhydrous 1-hydroxyimidazde
in the IR-spectra of N-hydroxyimidazol&and4 this band is
evidently broadened. Broadening of the band magxXmained
by its involvement in hydrogen bonding. It is irgsting that in
the case of N-hydroxyimidazol2 this band is not significantly
broadened which may be attributed to a higheritstof this H-
bond because of rotational flexibility of acetybgp.

It is worth mentioning that one should regard thegasnent
of the N->O stretch with great caution. Different authnote
that depending on the N-oxide structure the bamdte N->O
group may appear between 1200 and 1320:ch205 cnt,*
1215 cnt,* 1223 cnt,*® 1249 cnf, 1310 cn, 1320 cnit.*®

We may only suppose that in the case under coradiderthis
band appears at 1304 ¢rfor N-oxides11 and 13, and at 1300
cm* for N-oxide 12. The unambiguous assignment is precluded
by a large number of bands in this region.

Relative positions of the bands corresponding &dérbonyl
groups in the series of compourjsll, 16; 3, 12, 17 and4, 13
18 are also noteworthy. First of all, according to #lectronic
effect of the electron-donating ethoxy group thedsafor C=0
in the series3, 12, 17 are shifted £<~40-60 cnt) to higher Thus, according to the analysis of IR spectra ity nte
frequencies (lower wavelengths) with respect to thsitiom of  concluded that in the solid state anhydrous 5-carbsubstituted
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2-(2-hydroxyphenyl)-1-hydroxyimidazoles exist ase th\-
hydroxy tautomers, which corresponds to the X-réffratition
data. The presence of the bound water in the maeofill-
hydroxyimidazole (hydrate) leads to a transitiotithe N-oxide
tautomer.

H, H,
O "o 0 o
N CHs N OCHs
N™CH; N"CH;
OH 2 OH 3
H,
0 o
N [}
QT
N CHg
OH 4

Scheme 8. Stabilization of prototropic tautomerartfydrous
5-carbonylsubstituted 2-(2-hydroxyphenyl)-1-
hydroxyimidazoles by IMHB.

2.3. Sudy of prototropic tautomerismin solution.

2.3.1. Solutions in deuterated chloroform.

Prototropic tautomerism of N-hydroxyimidazoles atiir
benzannulated analogues in solution may be effigiestudied
by means of NMR spectroscopy->***It was possible to record
the '"H NMR spectra in DMSQ@¥ for all of the compounds.
Unfortunately, not all of the imidazole derivativesnder
consideration are soluble in chloroform, so onlg #pectra of
compound, 4, 11, 13, 16 and18were recorded in CDgI

2, which reveals cross-peaks of these protons ngtwith water
([13.96, 1.66]; [12.43, 1.66]) but also with eaclnest ([13.96,
12.43]) (see Supplementary).

It should be noted that OH proton of the phenyl stisit in
imidazole N-oxidell is observed as a rather narrow signal at
12.60 ppm ., = 15 Hz). For 1-methoxyimidazol&6 the OH
signal is very broadeneda.{~ 360 Hz) and is observed at 12.45

ppm.

It should be also noted that the position of thgnai of the
CH; protons of the acetyl group for N-hydroxyimidaz@l€2.57
ppm) is closer to the position of the signal of neetyderivative
16 (2.59 ppm) than to the one of N-oxid& (2.81 ppm). It is of
interest that in théH NMR spectrum one can observe the overlap
of signals for two methyl groups (2.574 ppm and 2.ppm). At
the same time th€C NMR spectrum reveals two signals (28.1
ppm and 16.8 ppm) that correspond to cross-peakbihMQC
spectrum: [2.57, 28.1] for COGHand [2.57, 16.8] for CHin
position 4, respectively (see Supplementary).

A comparison of the'H NMR spectra of the model
compounds (i.e., imidazole N-oxide and 1-methoxyimidazole
16) reveals a difference in the chemical shifts obtpns in
position 6 of the hydroxyphenyl substituent (H6'pr kmidazole
N-oxide 11 this signal appears at 7.20 ppm. Being a partRCA
spin system, it is observed as a doublet of dosibigth the
ortho- andmeta- coupling constantS{ = 7.9 Hz,"J = 1.7 Hz). In
the case of N-methoxyimidazols the H6' signal is shifted to
lower field (8.17 ppm), being a doublet of doubléts €J = 8.1
Hz, “J = 1.6 Hz). This kind of deshielding occurs duette &ffect
of the neighbouring anisotropic imidazole moiety.

It may be supposed that such deshielding is a coesee of
the IMHB formation between the 2-hydroxy group of gteenyl
substituent and the “pyridine-type” nitrogen atofmiraidazole,

First we consider NMR spectra of 5-acetyl substitutedwvhich results in a stabilization of a planar struetwf the

imidazole derivatives in CDg(Table 2).
Table 2'H NMR spectra in CDGI(5, ppm}.

16 2 11 18 4 13
N-OH - 13.93 - - -
OH 12.46 12.40 1260 1255 12.50
H-3' 707 703(dd) 710 707 7.06 7.6
(dd) (dd) (d) (d) (d)
H-4'  7.35(t) 7.33(t) 7.43(@1) 7.36(t) 7.36 7.46 (1)
t
H-5  6.95(t) 6.94(f) 6.94(t) 6.95() 6.96 6.96 (1)
t
H-6' 8.17 8.32 7.20 8.20 8(.37 7.20
(dd) (br.s) (dd) (d) (d) (d)
OCHJ  4.00 - 3.62 414 - 3.66
NCH;
COCH, 259 2.57 2.81
4CH, 256 2.57 2.60 - -
CH, - - 2.75 2.75 2.77
CH, - - 2.47 2.48 2.46
2CH, - - - 1.16 1.19 1.21

%For coupling constants or widths at half height see -

Experimental.

In CDCl; two OH protons of compound® appear as
broadened singlets at 13.93 ppm (N-OH; width at heiljittv.,~

15 Hz) and at 12.40 ppnv,{~ 62 Hz). At the same time the

signal of water from the solvent is observed at bph §.,~ 67
Hz).

Apparently, the reason of OH signal broadening may be

connected with the processes of an intermoleculardgen
exchange. This exchange is evident from the EXSY tapecof

molecule (see X-ray data). In model imidazole Nédext1 such
type of bonding is impossible. IMHB between the phedii-
group and the N-oxide moiety oxygen atom leads he t
formation of the non-planar seven-numbered cycle #me
corresponding shift of the H6’ proton to a higheldi Similarly
in the spectra of compound&l (hydroxyimidazole) and25
(methoxyimidazole) bearing bulky benzyloxy subgitts (that
prevent the planarity of the structures) the signafl the H6’
protons are observed at 7.76 pgt)(and 7.27-7.47 ppn26).

In the'H NMR spectra of 2-(2-hydroxyphenyl)substituted 1-
hydroxyimidazole2 the H6' proton is observed as a broadened
signal at 8.32 ppmv{,~ 19 Hz).

The'H NMR spectra at different temperatures (293 K, E73
263 K, 253 K, 243 K) were also recorded (Table 3).

Table 3Chemical shifts of characteristic protonsihNMR
spectra of compoun2in CDC} at different temperaturés,

ppmy.

293 K 273K 263 K 253 K 243K A8
13.93 13.98 14.01 14.04 14.06 0.13
OH (br) (brs; (s; (s) (s)
vy =40Hz)  v,~16Hz)
OH 12.41 12.54 12.56 12.64 12.70 0.30
(br) (brs; (brs; (s) (s)
vy=56Hz)  v,~28Hz)
H-6' 8.32 8.34 8.36 8.37 (d; 8.38 0.06
(br.s; (br.s; (br.s; J= (d;
vy=19Hz) v4~30Hz) 8.1Hz) J=
vy =20HZz) 8.1Hz)

®For complete spectral data see Supplementary Irafiiom



A decrease in temperature leads to a change in thprbi®n
signal. At 253 K and 243 K it is observed as a deublith the
coupling constant 8.1 Hz.

At lower temperatures the rotation processes inctudioth
the rotation around phenyl-imidazole bond and thetion of
acetyl group are slowed down. As a result the mosgetieally
favorable structure is achieved. Most likely itae N-hydroxy
tautomeric form stabilized by the two hydrogen bof@isheme
8) fixing the planarity of the molecule.

A possibility of the intermolecular proton exchanggtween

the two OH-groups and the water molecules required a

investigation of an influence of a concentration iater- and
intramolecular interactions in 1-hydroxyimidazdesolution to
be carried out. The existence of intermolecularharge is
confirmed by the presence of three cross-peakfienNOESY
(EXSY) spectrum ([13.96, 1.66], [12.43, 1.66], [13.9@.43])
(see Supplementary). The intensity of the
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The H6’ proton in diluted solution is observed adoablet
(J = 8.0 Hz). The OH signals are narrowed. The chemhi# s
for water is shifted from 1.66 ppm in the startimjusion to 1.56
ppm in a diluted one (which corresponds to the chahshift for
water in pure chloroforf), its v,,decreasing from 60 Hz to 3 Hz.
Narrowing of the signals under consideration is aidence of
decrease of the intermolecular proton exchange leeiwbe
hydroxyl groups and water molecules due to the dseref the
concentration.

Thus in a diluted solution the influence of thegtdiouring
molecules (including water) on the violation of thelecule
lanarity reduces. As a result, the acetyl moietyaswithdrawn
from the phenyl-imidazole plane. It leads to narroyvof the H-
6’ and N-OH proton signals due to the fact that landes for the
formation of a planar six-membered cycle are elated.

The lower effect of dilution on the phenyl-OH protagrel

crosg-peapattern probably evidences that the IMHBHGOH — N is

corresponding to the N-OH —,@ interaction is higher than the stronger and less dependent on external factors iti&iB N-

intensity of that corresponding to theHz-OH — H,O interaction,
which evidences a higher rate of the intermolecalahange in
the former case. Apparently, it is explained byghkr acidity of
the N-OH proton. For reference, pKa of phenol is 1@@ereas
pKa of 1-hydroxy-2,4,5-trimethylimidazole is 8.3® (water)™

On dilution the chemical shifts of protons remairagically

unchanged, but the character of the H6' proton signd both
OH-groups is altered (Table 4).

Table 4. Chemical shifts of characteristic protonsHINMR
spectra of solutions with differing concentratiofiscompound2
in CDCkL(5, ppm}.

Starting Dilution 1 Dilution 2 Dilution 3
solution 0.034 0.017 0.007
0.067 mol/L mol/L mol/L mol/L
N-OH 13.93 13.94 13.95 (s) 13.95(s)
(br; (br.s;
vy ~45Hz) vy ~19Hz)
OH 12.41 12.40 12.40 12.40
(br; (br. s; (br.s; (br.s;
vy ~60Hz) vy~35Hz) vy~20Hz) vy ~18Hz)
H-6' 8.32 8.34 8.35 8.35
(br.s; (br. d; (br. d; (d;
vy~20Hz) J=7.9Hz) J=8.0Hz) J=8.0Hz)
Signal of 1.66 1.56 1.56 1.56
H,O vy, ~60HZz vy ~18Hz vy, ~9Hz vy ~3Hz

®For complete spectral data see Supplementary Irafiom

OH — O=C. This corresponds to the assumptions madinen
basis of the IR-spectra analysis.

As a whole, the'H NMR spectra of 1-hydroxyimidazolé
with fixed carbonyl group in position 5 of imidazobnd its
model compound43 and 18 are similar to the ones considered
above.

The “reference” H6’ proton signal in CDLCis observed at
8.27 ppm {J = 8.2 Hz) for compound. The similar signal for
model N-oxidel3 is observed at 7.20 ppriil(= 7.9 Hz,J = 1.4
Hz). For N-methoxyimidazol8 it is observed at 8.20 ppri(=
8.1 Hz). The observed deshielding of the H6' protdos
compounds4 and 18 is due to a fixation of the benzimidazole
moiety in the plane of the hydroxyphenyl substituen IMHB
between the OH-group of the substituent in positiorar@i
“pyridine-type” nitrogen atom of the imidazole ring

2.3.2. Solutions in DMSO-dg.

A solubility of 1-hydroxyimidazoled-4 and their model N-
oxides 10-13 and N-methoxyimidazolesl5-18 in DMSO-dg
allowed to record the NMR spectra for all the compmisuander
consideration (Table 5).

Table 5Chemical shifts of characteristic protonSHMNMR spectra in DMSQl(5, ppm}.
17 3

15 1 10 16 2 11 12 18 4 13
N- - 14.66 - 13.79 - - - - -
OH (br) (br)
OH 12.95 (br. 12.54 13.78 (br.  12.16 13.59 12.62 12.18 12.89 13.04 (br. 12.14 12.75 12.86
s) (br) s) (s) (br) (br. s) (s) (br) s) (s) (br) (br)
H-6' 8.00(dd) 7.47(br. 7.45() 8.02(d) 755  7.42-752 8.03(d) 8.00  7.42-753 8.04 8.11 7.56 (d)
d) (br.s) (m) (br.s) (m) (dd) (br.s)

®%For complete spectral data see Experimental.

The electronic effect of a substituent in heterteywosition 5 on

the proton shielding is typical for th#1 NMR spectra of N-

methoxysubstituted15-18 in DMSO-d;. One can observe a
downfield shift when passing from the electron-dowmati
substituent (methyl group) to the electron-withdrayimes.

Thus, maximum differences in the spectra are olesefor
compoundsl5 and 18 The low field shift of the H6’ proton
signal for all methoxy derivatives should be pairtely
mentioned together with the differences in signafsiie protons
of the phenyl moiety (H4’) and the OH-group. As a cangnn,
in the 'H NMR spectra of model N-methylimidazole oxid&@-
13 (where a planarity of imidazole and phenyl fragmeists
violated) the phenyl protons are observed in aeratmrrow

range in accordance with the 2-hydroxygroup effébierefore,
there is an IMHB between the OH-proton and the “pypeliype”
nitrogen atom in solutions of N-methoxy derivativEs-18 in
DMSO-ds. This IMHB stabilizes the planar structure of their
molecules.

As a result, the H6’ proton is deshielded due to airopic
and —M effects of the heterocycle. The H4' protonalso
sensitive to the effect of the imidazole ring sitbsht variability.
The differences in chemical shifts of the OH-groupten for
compoundl5 (12.95 ppm) and 5-carbonylsubstituted derivatives
16-18 (12.14 — 12.18 ppm) should also be mentioned. it
to lower field indicates an increase of IMHB strength
compoundl5. It seems that the strength of this IMHB depends
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on the N(3) atom basicity, that is the largest impound15

due to the position 5 methyl substituent electronading
properties. It is noteworthy that the signal of tBkl-proton is
slightly broadened especially in the case of compisd5 and16

(vi,~ 9-20 Hz). It may be explained by intermoleculareage
with water which is confirmed by the presence of Gpomding
cross-peak in the NOESY (EXSY) spectrum of compoafid
(see Supplementary).

In the molecules of imidazole N-oxidé®-13the phenyl and
imidazole moieties do not lie in the same planeaAsgsult, the
H6’ proton deshielding is not observed. The shifttlé OH-
proton to a lower field also attracts attention, exsglly for

interaction with a bipolar solvent. From our poiritview, it is
possible that the structures of imidazole N-oxidés13 are
stabilized by IMHB between the OH-group and the N-exid
moiety oxygen atom. This IMHB results in the forinatof non-
planar seven-membered cycle. The maximum shifowet field
of the OH proton of compountD is explained by the maximum
electron-donating effect of the N-oxide oxygen atam4,5-
dimethylsubstituted derivative0. It should be mentioned that the
signal of the OH-group proton is broadened~ 8-90 Hz) and
that in the NOESY (EXSY) spectrum of compoulii one can
observe a cross-peak corresponding to the inteoulale
exchange of this proton with water (see Supplementary

The analysis of théH NMR spectra of 1-hydroxyimidazoles

1-4 in DMSO-ds makes it possible to separate these compound.

into two groups. The first group contains compoufBdand 4
with low-field signals for the H6’ protons.e. a broadenedv(,~
30 Hz) signal at 8.00 ppm for compoud@nd a broadenesh(~
20 Hz) signal at 8.11 ppm for N-hydroxyimidazdleThe second
group consists of compoundsand2 with the H6' proton signal
in higher field (7.47 ppm fot and 7.55 ppm foR) evidencing a
non-planar structure.

Apparently, for compound3 and4 the shift of the H6’ proton
signals to a lower field indicates that the 2-hygymhenyl and
imidazole moieties of the molecules are near caplawhereas,
in the low-field area (12.00 — 15.00 ppm) only csignal at
12.75 ppm ¥, = 95 Hz) is observed for compoudd with the
integrated intensity corresponding to two protonisisTsignal is
shifted to a lower field as compared with that of @id-proton
of N-methoxyimidazolel8 (12.14 ppm) where the IMHB with
the “pyridine-type” nitrogen atom exists. This mag interpreted
as an evidence of a certain difference in the IMidBrfation in
planar molecules af and18.

As it was already mentioned, the IMHB occurs between th
OH group and the “pyridine-type” nitrogen atom in gmund
18. However, this kind of the IMHB does not explain the
downfield shift of the “acidic” proton in compourdd In order to
explain this we assumed that the NH-imidazole N-oxige
formed in this case. The corresponding proton ghdigplay a
rather high acidity under the influence of the ‘igime-type”
nitrogen atom and the cyclic carbonyl substituéntthis case
one may expect the formation of IMHB between the NHugro
and the oxygen atom in position 2 of the phenylssitdent (the
“closed” form of N-oxide).

In the '"H NMR spectrum of non-planar compourd the
signals of the OH-protons are observed at 12.54 apth14.66
ppm. The second signal is shifted to a lower fiedhpared to
that for the OH-proton of N-oxidelO. The corresponding
hydrogen atom can interact with the oxygen atonhefN-oxide
moiety via IMHB in the non-planar structure.

Tetrahedron

For the molecule of compountl it is possible if hydroxy-
oxide tautomerism is taken into consideration. Threthe oxide
(the “open” form of N-oxide) the signal at 12.54npgan be
attributed to the NH-proton (ifH NMR spectrum of 2-(2-
hydroxyphenyl)-4,5-dimethylimidazole28 the NH-proton is
observed at 12.50 ppm while the OH proton of 2-hydptveny!
substituent is observed at 12.88 ppm). In the sedé 1-
hydroxyimidazoles a replacement of the L{Hroup by the
COCH; one in position 5 along with the remaining non-pldiy
of the molecules results in the converging of dligjioé protons at
the heteroatoms (12.54 ppm and 14.66 ppm for congdr
13.59 ppm and 13.79 ppm for compouw)d This regularity is a

compoundl0. This shift cannot be explained by only a specificreSUIt of the varying electronic effect of the mgtand acetyl

groups on the N-oxide oxygen atom and the “pyrtgpe”
nitrogen atom of the “open” form of NH-imidazole Mide. For
the planar “closed” forms of N-oxides (compourgland4) the
signals of “mobile” protons are observed as oneaig12.89
ppm for3 and 12.75 ppm fof, respectively).

H .
N CH3
I Q—< CH3
4
"open” form "closed" form

Scheme 9. Two forms of N-oxide tautomer in DMSO
solutions.

The NMR spectra of 5-acetylsubstituted 1-hydroxymziole
2 recorded in mixture of solvents (CQEDMSO-ds 1:1) are
similar to those in DMS@g and testify the “open” NH-
imidazole N-oxide tautomeric form (See Supplemsntar

2.3.3. 13*C NMR spectra.

The preliminary conclusion based on the analysitHoRMR
spectra is confirmed bYC NMR data (Table 7).
Table 6°C NMR of 5-acetylsubstituted imidazole derivatives
(8, ppm).

in CDCk in CDCk — in DMSO-ds
DMSO-ds
(1:1)
16 2 11 2 16 2 11

C-2 1417 1394 1375 135.7 141.3 136.0 136.9

C-4 1416 1422 1343 134.3 141.2 1347 1357

C-5 1236 1206 1273 127.2 1240 127.2 1265
COCH; 186.9 192.0 190.9 190.0 187.2 190.0 190.3
COCH;  30.0 28.1 31.0 30.9 30.3 30.6 31.0
4-CH; 16.7 16.8 10.6 12.7 16.8 12.7 10.7
NCH/ 66.5 -- 329 -- 67.4 -- 335
OCH;

C-1 110.7 110.8 111.2 112.7 111.6 1125 112.0

C-2' 158.8 158.4 159.8 158.7 158.1 158.7 159.5

C-3 118.0 117.6 121.3 118.9 117.7 119.2 120.7

c-4 132.0 1319 13238 132.8 1324 1329 133.0

C-5' 119.4 119.2 119.0 120.7 1199 120.0 119.3

C-6' 1259 1274 129.0 128.6 127.2 128.7 130.6

The imidazole ring C-atoms are most sensitive @dafinite
tautomeric form existence. Changes in the nature thaf
heterocycle nitrogen atoms cause a shift of thaadsgof these
atoms in positions 4 and 5 of the imidazole ringr the sake of
convenience we find it possible to numerate the dfnatin the



cycle of imidazole N-oxides in the same way as imBthoxy(N-

hydroxy)derivatives:
RO O 0 o
N &~ CH,4 N &~ CH,4

L] Q=

C C

OH CHj o4 R CHj
R =H; CH;

Scheme 10. Numeration of carbon atoms in imidadote

It is noteworthy that the change of a solvent hastwally no
impact on the position dfC nuclei signals of heterocycle for the
model structures.

In the ™®*C NMR spectrum of 1-hydroxyimidazoRin CDC

the signals fol’C nuclei of imidazole ring atoms are observed at}°0-93 MHz for

139.4 ppm (C-2), 142.2 ppm (C-4) and 120.6 ppm XCFhese
values are closer to the ones in the spectrum of
methoxyimidazole 16, so we may conclude that N-
hydroxyimidazole2 exists in the N-hydroxy tautomeric form in
chloroform.

On the contrary, in DMS@j the chemical shifts dfC nuclei
attributed to imidazole ring (135.7 ppm (C-2), I3f4pm (C-4),
127.2 ppm (C-5)) are close to those of imidazolexite 11.
This result evidences the existence of N-hydroxglamble2 as
the N-oxide tautomer in this solvent.

Signals with practically the same chemical shifts aoserved
in the**C NMR spectrum of 1-hydroxyimidazofrecorded in a
mixture of solvents (CDGI- DMSO4s 1:1). So, under these
conditions compound also exists as the N-oxide tautomer.

The same regularity is observed for the signalshef'*C
nuclei of substituents in positions 4 and 5 of ith@azole ring.
This is especially clear in the case of the 4;@fbup directly
bonded to the imidazole ring. In th& NMR spectrum of N-
hydroxyimidazole2 in CDC this signal (16.8 ppm) corresponds
to the one in the spectrum of N-methoxyimidazbég16.7 ppm)
rather than the one of imidazole N-oxi@lé (10.6 ppm). As for
the spectra recorded in DMS®- the chemical shift ofC nuclei
of 4-CH; group of N-hydroxyimidazol@ (12.7 ppm) is closer to
that in imidazole N-oxidell (10.7 ppm) and differs from the
chemical shift of ®C nuclei of 4-CH group of N-
methoxyimidazolel6 (16.8 ppm).

3. Conclusions

In the solid state 5-carbonylsubstituted 1-hydroxgiazoles
2-4 exist in the N-hydroxy tautomeric form stabilizég two
hydrogen bonds. The presence of hydrate water isdahgple of
5-acetylsubstituted 1-hydroxyimidazok leads to the N-oxide
tautomeric form.

In CDCkL 1-hydroxyimidazole2 and4 also exist as the N-
hydroxy tautomers stabilized by two hydrogen bontdike
presence of water affects the hydrogen bonding &sinio impact
on the transition from one tautomeric form into teo.

In polar aprotic DMSQds (strong hydrogen bond acceptor) 1-
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from the phenyl-imidazole plane. It is also suppgbt®t due to
the acceptor properties of DMSO N-hydroxyimidazdeand 4
containing bulky ethoxycarbonyl substituenB) (or fixed
carbonyl group4) in position 5 of imidazole ring transfer to the
N-oxide tautomeric form either. The planar structofréhis form

is stabilized by IMHB between the hydrogen atom a¢ th
“pyrrole-type” nitrogen atom and the oxygen atom thie
hydroxy group of the phenyl substituent.

4. Experimental
4.1. General

Chemicals were purchased from commercial sourcesvangl
used without further purification. The NMR experimentere
carried out using a Bruker Avarie300 spectrometer operating
at 300.13 MHz forH and 75.47 MHz for°C or using a Bruker
Avancé™ 600 spectrometer operating at 600.22 MHz'fdprand
¥%C. The spectrometers were equipped with
unverse gradient probe-head. Chemical shifts axngielative to

nthe residual proton signal of solvent (7.27 ppmG&C; or 2.50

ppm for DMSO#) for *H and relative to CDGI(77.0 ppm) or to
DMSO-ds (35.9 ppm) for®C. All 1D 'H and™*C experiments as
well as 2D experiments (COSY, HSQC, HMBC, EXSY) were
performed using standard pulse sequences from thkeB
library. The assignment of the signalsthand**C NMR spectra
has been performed by use of 2D COSY, HMQC and HMBC
techniques. The mixing time in EXSY experiment isada 0.5

s. Mass-spectra were recorded with a LKB-2000 mass
spectrometer. Infrared spectra of solids were reszbravith
Shimadzu IRAffinity-1 FTIR spectrophotometer in a KiBatrix.

4.2. Detailed experimental procedure and characterization data

4.2.1. 2-(2-Hydroxyphenyl)-4,5-dimethyl-1H-
imidazol-1-ol (1).

A mixture of aldehydés (3.00 g, 0.0245 mol), oximé (2.50
g, 0.0245 mol) and ammonium acetate (2.30 g, 0.G860) in
glacial acetic acid (30 mL) was stirred at 40-456€4 h, cooled
to room temperature and left to stand overnighe 3blvent was
removed under reduced pressure. The residue waedreath
ether. The obtained solid was heated at reflux etaaitrile and
filtered off warm yielding 4.00 g (80%) of produttas white
solid. M.p. 251-253 °C.

'H NMR (300 MHz, DMSOdg): 6= 14.66 (br. s, 1H, OH),
12.54 (br. s, 1H, OH), 7.47 (br. d= 8.0 Hz, 1H, H6"), 7.30 (t,
1H, H4’), 6.80-6.90 (m, 2H, H3' and H5’), 2.21 (s, 3HCH),
2.11 (s, 3H, 4-Ck) ppm.

¥C NMR (75.47 Hz, DMSQ): 8= 158.2 (C2’), 134.0 (C2),
131.4 (C6"), 127.4 (C4’), 123.9 (C4), 122.2 (C51914 (C5'),
118.1 (C3), 112.9 (C1"), 9.6 (4-G 6.9 (5-CH) ppm.

MS(El): m/z=204[M]". Anal. G:H;,N,O, (204): calcd. C
64.71, H 5.88, N 13.73; found C 64.37, H 5.93, N 13.55.

4.2.2. 1-(1-Hydroxy-2-(2-hydroxyphenyl)-4-methyl -
1H-imidazol-5-yl)ethanone (2)

A mixture of aldehydé& (2.50 g, 0.0205 mol), oxime (3.00
g, 0.0233 mol) and ammonium acetate (2.00 g, 0.0860) in
glacial acetic acid (30 mL) was stirred at 45-55%@® 60 h.
Reaction mixture was poured into water (100 mL)ytated, and

hydroxyimidazoles1-4 exist as the N-oxide tautomers of the the precipitate was filtered off and recrystallizGgdm water

different nature. It is supposed that 5-methyl- dhécetyl
substituted N-hydroxyimidazoles and 2 exist as the N-oxide
tautomers stabilized by IMHB between the hydroxy groti the
phenyl substituent and the oxygen atom of the N@xnoiety.
This kind of hydrogen bond withdraws the phenyl sitisiht

yielding 1.91 g (41%) of produ&as a beige solid; m.p. 172-173
°C.

'H NMR (600 MHz, CDCJ, 293 K, [0.067 mol/l]):3= 13.93
(br. s,vy, = 47 Hz, 1H, N-OH), 12.40 (br. 8, = 62 Hz, 1H, OH),
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8.32 (br. syy, = 19 Hz, 1H, H6"), 7.33 (t, 1H, H4’), 7.03 (dd,
= 8.3, 1.2 Hz, 1H, H3), 6.94 (t, 1H, H5'), 2.57 (s, 6BCH)
ppm.

*C NMR (150.94 MHz, CDG): 6= 192.0 (C=0), 158.4 (C-
2", 142.2 (C-4), 139.4 (C-2), 131.8 (C-4"), 121@-6'), 120.6
(C-5), 119.2 (C-5), 117.6 (C-3), 110.8 (C-1"), .28(COCH),
16.8 (4-CH) ppm.

'"H NMR (600 MHz, DMSO#d,): = 13.79 (br. s, 1H, N-OH),
13.59 (br. s, 1H, OH), 7.55 (br.s, = 68 Hz, 1H, HE’), 7.41 (,
1H, H4’), 6.96 (t, 1H, H5’), 6.93 (d] = 8.3 Hz, 1H, H3’), 2.66
(s, 3H, COCH), 2.48 (s, 3H, CE) ppm.

®¥C NMR (150.94 MHz, DMSQ#): 6= 190.0 (C=0), 158.7
(C-27), 136.0 (C-2), 134.7 (C-4), 132.9 (C-4'), 128(C-6),
127.2 (C-5), 120.0 (C-5'), 119.2 (C-3), 112.5 (§;130.6
(COCH;), 12.7 (4-CH) ppm.

MS(EI): m/z=232[M]". Anal. G,H;,N,0,x0.25H0 (236.5):
calcd. C 60.89, H 5.28, N 11.84; found C 61.15, H 5)\221.88.

4.2.3. Ethyl 1-hydroxy-2-(2-hydroxyphenyl)-4-
methyl-1H-imidazol e-5-carboxylate (3).

A mixture of aldehydé (3.10 g, 0.0254 mol), oxim@ (4.00
g, 0.0252 mol) and ammonium acetate (2.00 g, 0.0860) in
glacial acetic acid (30 mL) was stirred at room terapure for 5
h and left to stand for 3 d. The reaction mixturesypaured into
water (100 mL), the precipitate was filtered off amashed with
ether. The obtained solid was heated at reflux ietcatrile,
cooled to room temperature, and filtered off, yilegd1.3 g (20%)
of chromatographically pure produgtas white solid. M.p. 236-
237 °C.

'H NMR (300 MHz, DMSO#d,): 6= 12.89 (br. s, 2H, 20H),
8.00 (br. sy, = 32 Hz, 1H, H-6), 7.35 (t, 1H, H4"), 6.89-6.97
(m, 2H, H3' and H5’), 4.21 (g, 2H, QCBH,), 2.45 (s, 3H, 4-
CHa), 1.32 (t, 3H, OCHCHs) ppm.

®C NMR (75.47 Hz, DMSQ¥k): 8= 158.5 (C=0), 157.9
(C27), 137.5 (C2), 135.5 (C4), 131.7 (C4), 12736(), 118.6
(C5"), 118.1 (C3), 117.9 (C5), 111.8 (C1’), 60.0CH,CHs),
14.2 (OCHCH,), 11.5 (4-CH) ppm.

MS(El): m/z=262[M]". Anal. GsH..N,O, (262): calcd. C
59.54, H 5.34, N 10.69; found C 59.44, H 5.26, N 10.65.

4.2.4. 1-Hydroxy-2-(2-hydroxyphenyl)-5,5-dimethyl -
4,5,6,7-tetrahydro-1H-benzo[d] imidazole-7(4H)-one
(4).

A mixture of aldehydé (2.30 g, 0.0184 mol), oxim@ (3.10
g, 0.0184 mol) and ammonium acetate (1.50 g, 0.0%80) in
glacial acetic acid (30 mL) was stirred at 40-456€4 h, cooled
to room temperature and left to stand overnight Precipitate
was filtered off and then heated at reflux in acitibe (40 mL)
and filtered off warm, vyielding 2.50 g (50%) of
chromatographically pure produgtas a yellow solid. M.p. 262-
264 °C.

'H NMR (300 MHz, CDCJ): 8= 8.27 (d,J = 8.2 Hz, 1H, H6"),
7.36 (t, 1H, H4’), 7.06 (dJ = 8.1 Hz, 1H, H3’), 6.96 (t, 1H, H5),
2.75 (s, 2H, Ch), 2.48 (s, 2H, Ch), 1.16 (s, 6H, 2CH ppm.

'H NMR (300 MHz, DMSO#d,): 6= 12.75 (br. s, 2H, 20H),
8.11 (br. sy, = 24 Hz; 1H, H6"), 7.36 (t, 1H, H4’), 6.90-7.00 (m,
2H, H3" and H5'), 2.74 (s, 2H, CH 2.41 (s, 2H, Ch), 1.08 (s,
6H, 2CH;) ppm.

®C NMR (75.47 Hz, DMSQ¥): 8= 185.6 (C=0), 157.9
(C2'), 145.6 (C2), 142.3 (C4), 131.9 (C5), 127.4(C122.2

Tetrahedron

(C6"), 118.8 (C5'), 117.8 (C3), 111.6 (C1), 52(CH,), 37.1
(C(CHg)y), 35.3 (CH), 27.8 (2CH) ppm.

MS(El): m/z=272[M]". Anal. GeH:N,O; (272): caled. C
66.18, H 5.88, N 10.29; found C 66.09, H 5.94, N 10.23.

4.2.5. 2-(2-Hydroxyphenyl)-1,4,5-trimethyl-1H-
imidazole 3-oxide (10).

40% Aqueous solution of methyl amine (2.50 g), aorihg
1.0 g (0.033 mol) of methyl amine was added dropwise
mixture of aldehydé& (3.60 g, 0.0295 mol) and oxinte(3.6 g,
0.0295 mol) in ethanol (15 mL). The resulting mnguwas
stirred at room temperature for 1 h and left tandtavernight.
The precipitate was filtered off, washed with etharold
recrystallized from toluene, yielding 3.80 g (6086)product10
as a light-yellow solid. M.p. 218-220 °C.

'"H NMR (300 MHz, DMSO#dg): 8= 13.78 (br.sy,, = 50 Hz,
1H, OH), 7.45 (dJ = 7.5 Hz, 1H, HE’), 7.39 (t, 1H, H4'), 6.90-
7.00 (m, 2H, H3" and H5’), 3.61 (s, 3H, NGH2.27 (s, 3H, 5-
CHa), 2.16 (s, 3H, 4-Ck) ppm.

¥C NMR (75.47 Hz, DMSQ): 8= 159.3 (C2’), 134.8 (C2),
131.5 (C6"), 129.2 (C4’), 124.3 (C4), 123.1 (C5R011 (C5'),
118.0 (C3'), 112.4 (C1’), 32.6 (NGH 8.8 (4-CH), 6.9 (5-CH)
ppm.

MS(El): m/z=218[M]". Anal. G.H;N,O, (218): calcd. C
66.06, H 6.42, N 12.84; found C 66.15, H 6.53, N 12.82.

4.2.6. 4-Acetyl-2-(2-hydroxyphenyl)-1,5-dimethyl -
1H-imidazole 3-oxide (11).

Similarly to 10 from aldehydes (2.80 g, 0.0230 mol), oxime
(3.00 g, 0.0230 mol) and 40% aq. §DHH, (2.00 g) productl
(2.70 g; 48%) was obtained. Yellowish solid, m.p. 218 °C
(methanol).

'H NMR (600 MHz, CDC}, 293 K):3= 12.60 (br. sy;, = 14.5
Hz, 1H, OH), 7.43 (t, 1H, H4’), 7.20 (dd,= 7.9, 1.7 Hz, 1H,
H6"), 7.10 (dd,J = 8.4 Hz, 1.1 Hz, 1H, H3"), 6.94 (t, 1H, H5),
3.62 (s, 3H, NCHh), 2.81 (s, 3H, COCH, 2.60 (s, 3H, 4-CH)
ppm.

3C NMR (150.94 MHz, CDG): 8= 190.9 (C=0), 159.8 (C-
2), 137.5 (C-2), 134.3 (C-4), 132.8 (C-4’), 1290-6), 127.3
(C-5), 121.3 (C-3), 119.0 (C-5'), 111.2 (C-1’), 32(NCH),
31.0 (COCH), 10.6 (4-CH) ppm.

'H NMR (600 MHz, DMSOd,, 293 K):5= 12.62 (s, 1H, OH),
7.42-7.52 (m, 2H, H6' and H4), 6.95-7.05 (m, 2H, Had
H5"), 3.65 (s, 3H, NCH), 2.74 (s, 3H, COCH), 2.56 (s, 3H, 4-
CHs) ppm.

®¥C NMR (150.94 MHz, DMSQ#): 6= 190.3 (C=0), 159.5
(C-2), 136.9 (C-2), 135.7 (C-4), 133.0 (C-4), 180(C-6"),
126.5 (C-5), 120.7 (C-3)), 119.3 (C-5), 112.0 (§;133.5
(NCHj), 31.0 (COCH), 10.7 (4-CH) ppm.

MS(El): m/z=246[M]". Anal. GiH:N,O; (246): calcd. C
63.41, H 5.69, N 11.38; found C 63.35, H 5.65, N 11.19.

4.2.7. 4-(Ethoxycarbonyl)-2-(2-hydroxyphenyl)-1,5-
dimethyl-1H-imidazole 3-oxide (12).

40% aqueous solution of methyl amine (1.08 g), @ioig
0.43 g (0.0139 mol) of methyl amine was added dropwisa
mixture of aldehyd® (1.53 g, 0.0126 mol) and oxin8(2.00 g,
0.0126 mol) in ethanol (5 mL). The resulting mixwras stirred
at room temperature for 1 h and left to stand far 3he solvent
was removed under reduced pressure and the obtaiheds
treated with small amount of ether. Thus obtainetipitate was



filtered off and recrystallized from ethyl acetatelding 0.45 g
(13%) of producii2 as a beige solid. M.p. 162-164 °C.

'H NMR (300 MHz, DMSO#d): = 13.04 (br. Sy, = 90 Hz,
1H, OH), 7.42-7.53 (m, 2H, H4’ and H6’), 6.95-7.03 (M, 23/
and H5), 4.33 (q, 2H, OC}H,), 3.64 (s, 3H, NCH), 2.55 (s,
3H, 4-CHy), 1.32 (t, 3H, OCKCHs) ppm.

®C NMR (75.47 Hz, DMSQ¥k): 6= 159.4 (C=0), 158.2
(C2"), 137.5 (C2), 135.3 (C4), 132.4 (C4), 12906(), 120.2
(C3), 118.6 (C5), 118.5 (C5'), 111.5 (C1’), 60.0CH,CH),
33.3 (NCH), 14.1 (OCHCH), 10.4 (4-CH) ppm.

MS(ED): m/z=276[M]". Anal. GH;N,O,-0.5HO (285):
calcd. C 58.95, H 5.96, N 9.82; found C 58.51, H 5\P5,68.

4.2.8. 2-(2-Hydroxyphenyl)-1,6,6-trimethyl-4-oxo-
4,5,6,7-tetrahydro-1H-benzo[d] imidazole 3-oxide
(13).

A mixture of azomethiné4 (1.60 g, 0.0118 mol) and oxin®e
(2.00 g, 0.0118 mol) in glacial acetic acid (50 m{gs stirred at
room temperature for 4 h. The reaction mixture wasred into
water (50 mL), the product was extracted with chlonof (15
mLx2), the extract was sequentially washed with paiass
carbonate solution (3%) and water, then dried ovdrydrous
magnesium sulfate. The solvent was removed undearceed
pressure. The obtained oil was treated with ethddipig 0.9 g
(26%) of producti3 as a beige solid. M.p. 230-232 °C.

'H NMR (300 MHz, CDCJ): 8= 12.50 (br. sy, = 30 Hz, 1H,
OH), 7.46 (t, 1H, H4’), 7.20 (dd] = 7.9, 1.4 Hz, 1H, H6), 7.16
(d, J = 8.3 Hz, 1H, H3), 6.96 (t, 1H, H5'), 3.66 (s, 3H, NgH
2.77 (s, 2H, Ch), 2.46 (s, 2H, Ch), 1.21 (s, 6H, 2CE ppm.

'H NMR (300 MHz, DMSOd,): 6= 12.86 (br. s, 1H, OH),
7.56 (d,J = 7.2 Hz, 1H, H6"), 7.48 (t, 1H, H4"), 6.96-7.04 (m,
2H, H3' and H5’), 3.66 (s, 3H, NC§{i 2.89 (s, 2H, Ch), 2.43 (s,
2H, CH,), 1.12 (s, 6H, 2CE) ppm.

¥C NMR (75.47 Hz, DMSQk): 6= 184.9 (C=0), 159.4
(C2"), 141.9 (C2), 138.8 (C4), 132.6 (C4’), 129@6(), 121.9
(C5), 120.3 (C3'), 118.6 (C5), 111.2 (C1), 52.GH,), 34.4
(C(CHs),), 33.8 (CH), 33.5 (NCH), 27.9 (2CH) ppm.

MS(EI): m/z=286[M]". Anal. CgH;gN,O; (286): caled. C
67.13, H 6.29, N 9.79; found C 66.98, H 6.26, N 9.68.

4.2.9. 2-((Methylimino)methyl)phenol (14).

To aldehyde5 (12.20 g, 0.10 mol) while stirring at room
temperature 40% aqueous solution of methyl amirg&0Q g)
containing 5.20 g (0.17 mol) was added dropwise. fibdure
was stirred at room temperature for 6 h, then sodihioride
(3.6 g) was added. The product was extracted withr €2@
mLx2), the extract was dried over anhydrous potassiu
carbonate. The solvent was removed under reducesbyrs
yielding 11.00 g (82%) of produdi4 as a yellow liquid which
was used without further purificatiofH NMR (300 MHz,
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of pure productt5 (m.p. 95-97 °C) and 0.11 g (23%) of pure
by-product28 (m.p. 220-222 °C).

'H NMR (300 MHz, DMSO#d): 8= 12.95 (br. sy, = 20 Hz,
1H, OH), 8.00 (ddJ = 8.3, 1.7 Hz, 1H, H6’), 7.25 (t, 1H, H4"),
6.90-6.97 (m, 2H, H3' and H5’), 3.99 (s, 3H, OgH.26 (s, 3H,
5-CHy), 2.13 (s, 3H, 4-CE) ppm.

¥C NMR (75.47 Hz, DMSQ): 8= 156.5 (C2’), 136.3 (C2),
129.7 (C4"), 126.4 (C4), 124.1 (C6'), 120.6 (C5)1910 (C3)),
116.8 (C5’), 111.8 (C1’), 66.0 (OGH 12.3 (4-CH), 6.9 (5-CH)
ppm.

MS(El): m/z=218[M]". Anal. G.H.;N,O, (218): calcd. C
66.06, H 6.42, N 12.84; found C 66.23, H 6.62, N 12.95.

By-product: (2-(4,5-dimethyl-1H-imidazol -2-yl)phenol (28).*H
NMR (300 MHz, DMSO€): 8= 7.71 (d,J = 7.3 Hz, 1H, H-Ar),
7.11-7.20 (m, 1H, H-Ar), 6.82-6.92 (m, 2H, H-Ar), 2.(& 6H,
2CH;) ppm. MS(EI):m/z=188[M]".

4.2.11. 1-(2-(2-hydroxyphenyl)-1-methoxy-4-methyl -
1H-imidazol-5-yl)ethanone (16).

Similarly to 15 from imidazole25 (0.40 g, 0.0012 mol) 0.17 g
(58%) of productl6 (m.p. 116-117 °C) and 0.10 g (39%) of by-
product29 (m.p. 264-266 °C) were obtained.

'H NMR (600 MHz, CDCJ, 293 K):5= 12.46 (br. s, 1H, OH),
8.17 (dd,J = 8.1, 1.6 Hz, 1H, H6’), 7.35 (t, 1H, H4"), 7.07 (dd,
= 8.4, 1.2 Hz, 1H, H3’), 6.95 (t, 1H, H5’), 4.00 (s, 36ICH;),
2.59 (s, 3H, COCH), 2.56 (s, 3H, 4-CE) ppm.

C NMR (150.94 MHz, CDG): 6= 186.9 (C=0), 158.8 (C-
2'), 141.7 (C-2), 141.6 (C-4), 132.0 (C-4)), 1250-6"), 123.6
(C-5), 119.4 (C-5), 118.0 (C-3’), 110.7 (C-1'), 66(OCH),
30.0 (CQCH), 16.7 (4-CH) ppm.

'H NMR (600 MHz, DMSO#dg, 293 K):8= 12.16 (s, 1H, OH),
8.02 (dd,J = 8.0, 1.6 Hz, 1H, H6’), 7.39 (t, 1H, H4'), 6.98-7.04
(m, 2H, H3" and H5’), 3.98 (s, 3H, OG} 2.54 (s, 3H, COC}),
2.49 (s, 3H, 4-Ck) ppm.

¥C NMR (150.94 MHz, DMSQ): 8= 187.2 (C=0), 158.1
(C-2)), 141.3 (C-2), 141.2 (C-4), 132.4 (C-4"), 127(C-6"),
124.0 (C-5), 120.0 (C-5'), 117.8 (C-3), 111.6 (§;167.4
(OCHy), 30.3 (COCH), 16.8 (4-CH) ppm.

MS(EI): m/z=246[M]". Anal. GsH..N,O; (246): calcd. C
63.41, H 5.69, N 11.38; found C 62.95, H 5.99, N 11.38.

By-product:(1-(2-(2-hydroxyphenyl)-4-methyl- 1H-imidazol -5-
yl)ethanone (29) *H NMR (300 MHz, DMSOdj): 8= 13.15 (br. s,
1H, NH), 12.30 (br. s, 1H, OH), 7.83 (@~ 7.3 Hz, 1H, H-Ar),
7.24-7.34 (m, 1H, H-Ar), 6.90-7.00 (m, 2H, H-Ar), 2.8} 3H,
COCH,), 2.45 (s, 3H, CK) ppm. MS(El):mVz=216[M]".

4.2.12. Ethyl 2-(2-hydroxyphenyl)-1-methoxy-4-
methyl-1H-imidazole-5-carboxylate(17).

CDCL): 5= 13.48 (br. s, 1H, OH), 8.27 (s, 1H, NCH), 7.15-7.35 To imidazole26 (1.00 g, 0.0027 mol) dissolved in methanol

(m, 2H, H-Ar), 6.77-7.00 (m, 2H, H-Ar), 3.42 (s, 3H, §pm.

4.2.10. 2-(1-Methoxy-4,5-dimethyl-1H-imidazol-2-
yl)phenol (15).

(20 mL) was added 10% palladium on carbon (0.10ng)) the
mixture was hydrogenated at room temperature a®etin for 4
h. The catalyst was filtered off and washed with mathaThe
solvent was removed from the filtrate under redymedsure and

To imidazole24 (0.80 g, 0.0026 mol) dissolved in methanol the residue was subjected to column chromatogragihiga( gel,

(20 mL) was added 10% palladium on carbon (0.1 g) te
reaction mixture was hydrogenated at room tempezaad 1.3
atm for 8 h. The catalyst was filtered off and waklhveith
methanol. The solvent was removed from the filtrateder
reduced pressure and the residue was subjected ltonrco
chromatography (silica gel, chloroform), yielding38 g (60%)

chloroform), yielding 0.15 g (20%) of pure proddgt(m.p. 119-
121 °C) and 0.55 g of starting imidaz@é

'H NMR (300 MHz, DMSO¢): 6= 12.18 (s, 1H, OH), 8.03
(d,J=8.2 Hz, 1H, H6'), 7.38 (t, 1H, H4"), 6.95-7.03 (m, 243’
and H5’), 4.34 (q, 2H, OC}€Hs), 4.03 (s, 3H, OCH, 2.44 (s,
3H, 4-CH), 1.35 (s, 3H, OCKCHs) ppm.
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3C NMR (75.47 Hz, DMSQy): 5= 158.1 (C=0), 157.5
(C2), 141.1 (C2), 140.9 (C4), 131.7 (C4"), 126@6)), 119.3
(C5"), 117.2 (C3'), 115.1 (C5), 111.2 (C1’), 66.0CH,), 60.4
(OCH,CHj), 15.3 (4-CH), 14.0 (OCHCHs) ppm.

MS(El): m/z=276[M]". Anal. G.H:N,O, (276): calcd. C
60.87, H 5.80, N 10.14; found C 60.46, H 5.78, N 9.85.

4.2.13. 2-(2-Hydroxyphenyl)-1-methoxy-5,5-
dimethyl-4,5,6,7-tetrahydro-1H-benzo[ d] imidazole-
7(4H)-one (18).

Tetrahedron

4.2.16. 1-(2-(2-(Benzyloxy)phenyl)-1-hydroxy-4-
methyl-1H-imidazol-5-yl)ethanone (21).

A mixture of aldehydel9 (5.00 g, 0.0236 mol), oxime (3.0
g, 0.0236 mol) and ammonium acetate (2.7 g, 0.0860) in
glacial acetic acid (45 mL) was stirred at 45-50f6€16 h. The
reaction mixture is then poured into water (150 mnitijurated
and the obtained precipitate is filtered off yielgli6.6 g (88%) of
product21 as beige solid. M.p. 180-182 °& NMR (300 MHz,
CDCly): 6= 12.79 (br. s, 1H, OH), 7.76 (br. s, 1H, H-Ar), 7.25-
7.50 (m, 6H, H-Ar), 6.95-7.10 (m, 2H, H-Ar), 5.14 (sH,2

To imidazole27 (1.00 g, 0.0027 mol) dissolved in methanol CH,Ph), 2.54 (s, 3H, COC{l 2.49 (s, 3H, Ck) ppm. MS (El):

(20 mL) was added 10% palladium on carbon (0.10ng)) the
mixture was hydrogenated at room temperature a®etin for 4
h. The obtained precipitate was filtered off togethgth the
catalyst and suspended in chloroform. The catalgst filtered
off and solvent was removed from the filtrate undeduced
pressure yielding 0.27 g of produ® as a white solid; m.p. 169-
170 °C. In order to obtain additional amountl& the solvent
from the filtrate after the reaction was removed emckduced
pressure and the residue was subjected to
chromatography (silica gel, chloroform), yieldingl® g of
product18, m.p. 169-170 °C and 0.22 g of starting mate2ial
Total yield of producii80.42 g (55%).

'H NMR (300 MHz, CDC)): 6= 12.55 (br. sy, = 24 Hz, 1H,
OH), 8.20 (dJ = 8.1 Hz, 1H, H6), 7.36 (t, 1H, H4'), 7.07 (d=
8.3 Hz, 1H, H3"), 6.95 (t, 1H, H5'), 4.14 (s, 3H, OgH2.75 (s,
2H, CH,), 2.47 (s, 2H, Ck), 1.16 (s, 6H, 2CE) ppm.

'H NMR (300 MHz, DMSOd,): 6= 12.14 (s, 1H, OH), 8.04
(dd,J = 8.0, 1.6 Hz, 1H, H6’), 7.40 (t, 1H, H4"), 6.96-7.0%5,
2H, H3' and H5’), 4.09 (s, 3H, OG} 2.74 (s, 2H, Ch), 2.45 (s,
2H, CH,), 1.09 (s, 6H, 2CkE) ppm.

®C NMR (75.47 Hz, DMSQ¥k): 8= 185.4 (C=0), 157.6
(C2'), 148.2 (C2), 142.9 (C4), 132.1 (C4"), 126@6(), 120.4
(C5), 119.4 (C5"), 117.2 (C3), 111.1 (C1’), 66.6CH,), 52.1
(CH,), 37.7 (CH), 35.3 (C(CH),), 27.8 (2CH) ppm.

MS(El): m/z=286[M]". Anal. GeH:N,O; (286): calcd. C
67.13, H 6.29, N 9.79; found C 66.96, H 6.19, N 9.61.

4.2.14. 2-(Benzyloxy)benzaldehyde (19).

To a solution of aldehyd® (12.2 g, 0.10 mol) in ethanol (40
mL) a solution of benzyl chloride (13.9 g, 0.11 iniml ethanol
(50 mL) was added. The reaction mixture was stirtadfaux for
1.5 h and filtered without cooling. From the filgathe solvent
was removed under reduced pressure. The residueissdved
in sodium hydroxide solution (0.5 M, 60 mL), refeck for 20
min, cooled to room temperature and filtered oiélding 16.2 g
(77%) of producil9 as a beige solid. M.p. 38-40 °C.

4.2.15. 2-(2-(Benzyloxy)phenyl)-4,5-dimethyl-1H-
imidazol-1-ol (20).

A mixture of aldehydd 9 (5.00 g, 0.0236 mol), oxim& (2.40
g, 0.0238 mol) and ammonium acetate (2.70 g, 0.0860 in
glacial acetic acid (45 mL) was stirred at 45-50f6€5.5 h then
cooled to room temperature. The reaction mixture pasred
into water (140 mL), the product was extracted wittoiform
(30 mLx2), the extract was sequentially washed withewahd
sodium bicarbonate solution (2%, 50 mL). The ol&din
precipitate was filtered off, yielding 6.5 g (94%)f o
chromatographically pure produ20 as a white solid. M.p. 160-
162 °C."H NMR (300 MHz, DMSO-¢): 6= 11.73 (br. s, 1H,
OH), 7.20-7.60 (m, 7H, H-Ar), 6.86-7.20 (m, 2H, H-Ar)18.(s,
2H, CHPh), 2.08 (s, 3H, C§), 2.00 (s, 3H, Ck) ppm. MS (EI):
m/z=294[M]".

mz=322[M]".

4.2.17. Ethyl 2-(2-(benzyloxy)phenyl)-1-hydroxy-4-
methyl-1H-imidazol e-5-carboxylate(22).

A mixture of aldehydeél9 (5.30 g, 0.0250 mol), oxim@ (4.0
g, 0.0252 mol) and ammonium acetate (2.6 g, 0.0888 in
glacial acetic acid (40 mL) was stirred at room terafure for 9
h and left to stand for 4 d. The reaction mixtures\ypaured into

columpyater (150 mL), the product was extracted with cHimm (40

mLx2), the extract was washed with 2% solution of gsitan
carbonate and with water and then dried over anhgdrou
magnesium sulfate. The solvent was removed undanceed
pressure, the residue was subjected to column chogna@hy
(silica gel, eluent — chloroform, chloroform-metb&ri00:1 —
10:1) to yield 3.0 g (34%) of produ2® as yellow oil."H NMR
(300 MHz, CDCY)): 8= 11.03 (br. s, 1H, OH), 7.52-7.66 (m, 1H,
H-Ar), 7.28-7.45 (m, 6H, H-Ar), 7.00-7.11 (m, 2H, H-AB,17
(s, 2H, CHPh), 4.43 (gJ=7.34 Hz, 2H, CHCHj), 2.50 (s, 3H,
CHg), 1.42 (t, J=6.97 Hz, 3H, CHCH;) ppm. MS (El):
m/z=352[M]".

4.2.18. 2-(2-Benzyloxy)phenyl)-1-hydroxy-5,5-
dimethyl-4,5,6,7-tetrhydro-1H-benzo[ d] imidazol e-
7(4H)-one (23).

A mixture of aldehydd. 9 (6.36 g, 0.0300 mol), oxime (5.07
g, 0.0300 mol) and ammonium acetate (3.33 g, 0.0488 in
glacial acetic acid (50 mL) was stirred at room terafure for 3
h and left to stand for 3 d. Then the reaction orixtwas poured
into water (150 mL), the obtained precipitate waterfdd off,
heated at reflux in acetonitrile and filtered ofthout cooling to
yield 6.64 g of chromatographically pure prod23 as a
yellowish solid; m.p. 218-220 °C. Cooling of thetrfiite led to
the formation of precipitate which was also filterafdl yielding
1.74 g of produc®3 as a yellowish crystalline solid; m.p. 221-
222 °C. Total yield 8.38 g (77%JH NMR (300 MHz, DMSO-
dg): 8= 11.74 (br.s, 1H, OH), 7.36-7.49 (m, 4H, H-Ar), 7.235/.
(m, 3H, H-Ar), 7.11-7.19 (m, 1H, H-Ar), 6.98-7.09 (nl,1H-
Ar), 5.18 (s, 2H, ChkPh), 2.68 (s, 2H, CHl, 2.37 (s, 2H, Ch),
1.08 (s, 6H, 2CH ppm. MS (El):m/z=362[M]".

4.2.19. 2-(2-(Benzyloxy)phenyl)-1-methoxy-4,5-
dimethyl-1H-imidazole (24).

To a mixture of hydroxyimidazol@0 (1.50 g, 0.0050 mol)
and sodium hydride (0.12 g, 0.0050 mol) in THF (20) at 0°C
methyl iodide (0.71 g, 0.0050 mol) was added dropwibde
stirring. Then the ice-bath was removed and thetimamixture
was stirred at room temperature for 1 h and pouredvwater (40
mL). The product was extracted by ethyl acetate {25, the
extract was washed with water and dried over anhydrous
magnesium sulfate. The solvent was removed undanceed
pressure and the residue was subjected to
chromatography (silica gel, chloroform) to yield0.g (26%) of
product24 as light-yellow thick oil'H NMR (300 MHz, CDCJ)):
8= 7.49 (ddJ 7.7 Hz, 1.8 Hz, 1H, H-Ar), 7.22-7.40 (m, 6H, H-
Ar), 6.95-7.06 (m, 2H, H-Ar), 5.12 (s, 2H,_GPh), 3.69 (s, 3H,

column



OCHg), 2.22 (s, 3H, Ck), 2.20 (s, 3H, CH ppm. MS (EI):
m/z=308[M]".

4.2.20. 1-(2-(2-(Benzyloxy)phenyl)-1-methoxy-4-
methyl-1H-imidazol-5-yl)ethanone (25).

To a mixture of hydroxyimidazol@1 (1.50 g, 0.0046 mol)
and powdered potassium hydroxide (0.31 g, 0.0055 im@MF
(10 mL) at 0°C methyl iodide (1.60 g, 0.0115 mol)swadded
dropwise while stirring. Then the ice-bath was remoged the
reaction mixture was stirred at room temperature ZXan and
poured into water (30 mL). The product was extracbsd
tetrachloromethane (10 mLx3), the combined extrageye
washed with water and dried over anhydrous sodiunateulhe
solvent was removed under reduced pressure anégltkie was
subjected to column chromatography (silica gelpafbrm) to
yield 1.00 g (65%) of produ@5 as yellow oil."H NMR (300
MHz, CDCk): 8= 7.49-7.55 (m, 1H, H-Ar), 7.27-7.47 (m, 6H, H-
Ar), 7.00-7.10 (m, 2H, H-Ar), 5.14 (s, 2H,_GPh), 3.76 (s, 3H,
OCHy), 2.57 (s, 3H, COCH), 2.54 (s, 3H, CE ppm. MS (El):
m/z=336[M]".

4.2.21. Ethyl 2-(2-(benzyloxy)phenyl)-1-methoxy-4-
methyl-1H-imidazol e-5-carboxylate (26).

Similarly to 25 from hydroxyimidazole22 (2.00 g, 0.0057
mol) 1.00 g (48%) of produck6 was obtained as yellow
crystallizing oil. '"H NMR (300 MHz; CDCY)): 8= 7.29-7.53 (m,
7H, H-Ar), 6.97-7.10 (m, 2H, H-Ar), 5.15 (s, 2H, G*h),4.40
(g, 2H, OCHCHjy), 3.85 (s, 3H, OCH, 2.55 (s, 3H, Ck),1.42 (t,
3H, OCHCH;) ppm. MS (EI):m/z=366[M]".

4.2.22. 2-(2-(Benzyloxy)phenyl)-1-methoxy-5,5-
dimethyl-4,5,6,7-tetrahydro-1H-benzo[d] imidazole-
7(4H)-one (27).

To a mixture of hydroxyimidazol@3 (3.62 g, 0.0100 mol)
and powdered potassium hydroxide (0.65 g, 0.0116 m@MF
(15 mL) at 0°C methyl iodide (1.50 g, 0.0106 mol)swadded
dropwise while stirring. Then the ice-bath was remoged the
reaction mixture was stirred at room temperaturelfér h and
poured into water (60 mL). The product was extracbsd
tetrachloromethane (40 mLx2), the combined extrageye
washed with water and dried over anhydrous magnesilfiates
The solvent was removed under reduced pressuréhamesidue
was triturated with ether
chromatographically pure produ2? as white solid. M.p. 117-
118 °C*H NMR (300 MHz; CDC)): 6= 7.40-7.54 (m, 2H, H-
Ar), 7.22-7.37 (m, 5H, H-Ar), 7.00-7.10 (m, 2H, H-Ar)15 (s,
2H, CH,Ph), 3.93 (s, 3H, OC#ji 2.79 (s, 2H, Ch), 2.46 (s, 2H,
CH,), 1.17 (s, 6H, 2CH ppm. MS (El)m/z=376[M]".

4.3. X-Ray Determination

Crystals of GH,N,O; (compound2) were grown from a
toluene solution. A suitable single crystal was sciigjé to X-ray

measurements on aCCD area SMART-APEX-II diffractometer

under a stream of cooled nitrogen using graphiteeubramated
Mo-K, radiation. The crystal was kept at 173.15 K duriaga
collection. The structure was solved by direct mdth@and
refined in anisotropic approximation using Olex2 teafe”
Positions of hydrogen atoms were calculated geacadyr with

the exception of the OH group hydrogen atoms that were

determined objectively. The hydrogen atoms wereneefiusing
“riding” model.

A summary of the crystallographic data and structure

determination parameters is provided in Table 8.
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The experimental data for structi2envere deposited with
the Cambridge Crystallographic Data Centre (CCDCsteagion
number is 1056064). Copies of data can be obtaifred, of
charge, on application to CCDC, 12 Union Road, Cadhgeri
CB2, EZ, UK (fax: +44 (0) 1223 336033 or e-mail:
deposit@ccdc.cam.ac.uk).

Table 7.Crystal data and structure refinement for compound
2.
Empirical formula

GzH12N205
Formula weight 232.24
Temperature/K 173.15
Crystal system monoclinic
Space group Rh
alA 7.9232(6)
b/A 11.0300(8)
c/A 12.3616(9)
af° 90.00
pre 91.3900(10)
y/° 90.00
Volume/A 1080.00(14)
z 4
peag/cn® 1.428
p/mm-? 0.105
F(000) 488.0
Crystal size/mrh 0.38x0.3x0.28
Radiation Mok (A = 0.71073)
20 range for data collection/®  4.96 to 61.08
Index ranges -1¥h<11, -15< k<15, -17< 1 <17
Reflections collected 12523
Independent reflections 3276i[R= 0.0220, Bgma= 0.0191]
Data/restraints/parameters 3276/0/158
Goodness-of-fit on F 1.046

Final R indexes [I>=2 (I)] R; =0.0414, wR=0.1120
Final R indexes [all data] {R=0.0519, wRR=0.1209
Largest diff. peak/hole / eA  0.33/-0.24

yielding 2.27 g (60%) of
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Supplementary Information.
Copies of IR spectra of compounds
Copies of NMR spectra of compounds
NMR spectra of compound 2 at different temperatures.
NMR spectra of compound 2 at different concentrations.
NMR spectra of compound 2 in mixture of solvents.

1. Copies of IR spectra of compounds (KBr).

2-(2-Hydroxyphenyl)-4,5-dimethyl-1H-imidazol-1-o0l (1).
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1-(1-Hydroxy-2-(2-hydroxyphenyl)-4-methyl-1H-imidazol-5-yl)ethanone (2).
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Ethyl 1-hydroxy-2-(2-hydroxyphenyl)-4-methyl-1H-imidazole-5-carboxylate (3).
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1-Hydroxy-2-(2-hydroxyphenyl)-5,5-dimethyl-4,5,6,7-tetrahydro-1H-

benzo[d]imidazole-7(4H)-one (4).
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% Transmittance

2-(2-Hydroxyphenyl)-1,4,5-trimethyl-1H-imidazole 3-oxide (10).
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% Transmittance

4-Acetyl-2-(2-hydroxyphenyl)-1,5-dimethyl-1H-imidazole 3-oxide (11).
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4-(Ethoxycarbonyl)-2-(2-hydroxyphenyl)-1,5-dimethyl-1H-imidazole 3-oxide (12).
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2-(2-Hydroxyphenyl)-1,6,6-trimethyl-4-0x0-4,5,6,7-tetrahydro-1H-

benzo[d]imidazole 3-oxide (13).
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2-(1-Methoxy-4,5-dimethyl-1H-imidazol-2-yl)phenol (15).
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1-(2-(2-hydroxyphenyl)-1-methoxy-4-methyl-1H-imidazol-5-yl)ethanone (16).
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Ethyl 2-(2-hydroxyphenyl)-1-methoxy-4-methyl-1H-imidazole-5-carboxylate (17).
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2-(2-Hydroxyphenyl)-1-methoxy-5,5-dimethyl-4,5,6,7-tetrahydro-1H-
benzo[d]imidazole-7(4H)-one (18).
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(1-(2-(2-hydroxyphenyl)-4-methyl-1H-imidazol-5-yl)ethanone (29)
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2. Copies of NMR spectra of compounds.
2-(2-Hydroxyphenyl)-4,5-dimethyl-1H-imidazol-1-o0l (1).
TH NMR in DMSO-de (300 MHz)
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1-(1-Hydroxy-2-(2-hydroxyphenyl)-4-methyl-1H-imidazol-5-yl)ethanone (2).

H NMR in CDCl; (600 MHz)
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2D COSY NMR'in CDCl3 (600 MHz)
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ACCEPTED MANUSCRIPT
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1H NMR in DMSO-ds (600 MHz)
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Ethyl 1-hydroxy-2-(2-hydroxyphenyl)-4-methyl-1H-imidazole-5-carboxylate (3).
'H NMR in DMSO-de (300 MHz)
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1-Hydroxy-2-(2-hydroxyphenyl)-5,5-dimethyl-4,5,6,7-tetrahydro-1H-
benzo[d]imidazole-7(4H)-one (4).
'H NMR in CDCl3 (300 MHz)
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2-(2-Hydroxyphenyl)-1,4,5-trimethyl-1H-imidazole 3-oxide (10).
'H NMR in DMSO-de (300 MHz)
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4-Acetyl-2-(2-hydroxyphenyl)-1,5-dimethyl-1H-imidazole 3-oxide (11).
'H NMR in CDCl3 (600 MHz)
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2D HMQC NMR'in CDCl3 (600 MHz)
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1H NMR in DMSO-ds (600 MHz)
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2D HMQC NMR in DMSO-d¢ (600 MHZz)
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2D NOESY NMR in DMSO-d¢ (600 MHZ)
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4-(Ethoxycarbonyl)-2-(2-hydroxyphenyl)-1,5-dimethyl-1H-imidazole 3-oxide (12).

1H NMR in DMSO-ds (300 MHz)
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2-(2-Hydroxyphenyl)-1,6,6-trimethyl-4-0x0-4,5,6,7-tetrahydro-1H-
benzo[d]imidazole 3-oxide (13).
'H NMR in CDCl3 (300 MHz)
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ACCEPTED MANUSCRIPT
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2-(1-Methoxy-4,5-dimethyl-1H-imidazol-2-yl)phenol (15).
'H NMR in DMSO-de (300 MHz)
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(2-(4,5-dimethyl-1H-imidazol-2-yl)phenol (28).

H CH,
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S 1H NMR in DMSO-de¢ (300 MHz)
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1-(2-(2-hydroxyphenyl)-1-methoxy-4-methyl-1H-imidazol-5-yl)ethanone (16).
'H NMR in CDCl3 (600 MHz)
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2D HMQC NMR in CDCl; (600 MHz)
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1H NMR in DMSO-ds (600 MHz)
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2D COSY NMR in DMSO-ds (600 MHz)
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2D HMQC NMR in DMSO-d¢ (600 MHZz)
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(1-(2-(2-hydroxyphenyl)-4-methyl-1H-imidazol-5-yl)ethanone (29)
@)

1H NMR in DMSO-ds (300 MHz)
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Ethyl 2-(2-hydroxyphenyl)-1-methoxy-4-methyl-1H-imidazole-5-carboxylate (17).

1H NMR in DMSO-ds (300 MHz)
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2-(2-Hydroxyphenyl)-1-methoxy-5,5-dimethyl-4,5,6,7-tetrahydro-1H-
benzo[d]imidazole-7(4H)-one (18).
'H NMR in CDCl3 (300 MHz)
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2-(2-(Benzyloxy)phenyl)-4,5-dimethyl-1H-imidazol-1-o0l (20).

1H NMR in DMSO-ds (300 MHz)
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1-(2-(2-(Benzyloxy)phenyl)-1-hydroxy-4-methyl-1H-imidazol-5-yl)ethanone (21).
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H NMR in CDCl; (300 MHz)
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Ethyl 2-(2-(benzyloxy)phenyl)-1-hydroxy-4-methyl-1H-imidazole-5-carboxylate
(22).
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2-(2-Benzyloxy)phenyl)-1-hydroxy-5,5-dimethyl-4,5,6,7-tetrhydro-1H-
benzo[d]imidazole-7(4H)-one (23).
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1H NMR in DMSO-ds (300 MHz)
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2-(2-(Benzyloxy)phenyl)-1-methoxy-4,5-dimethyl-1H-imidazole (24).
H3CO
Hj
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1-(2-(2-(Benzyloxy)phenyl)-1-methoxy-4-methyl-1H-imidazol-5-yl)ethanone (25).

1H NMR in CDCl; (300 MHz)
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Ethyl 2-(2-(benzyloxy)phenyl)-1-methoxy-4-methyl-1H-imidazole-5-carboxylate

(26).

1H NMR in CDCl; (300 MHz)
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2-(2-(Benzyloxy)phenyl)-1-methoxy-5,5-dimethyl-4,5,6,7-tetrahydro-1H-benzo[d]
imidazole-7(4H)-one (27).
H,co @
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1H NMR in CDCl; (300 MHz)
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3. NMR spectra of compound 2 at different temperatures.
Table S1. "H NMR spectra of compound 2 in CDCl; at different temperatures (8, ppm).
293 K 273K 263 K 253 K 243 K Ad

N-OH 13.93 13.98 14.01 14.04 (s) 14.06(s) 0.13
(br) (brs; (s;
v,~40Hz) v,,~16Hz)
OH 12.41 12.54 12.56 12.64 (s) 12.70(s) 0.30
(br) (brs; (brs;

vy,=56Hz) v,,~28Hz)
H-3' 7.03(d) 7.04(d) 7.05(d) 7.06 (d) 7.07(d) 0.04
H-4' 7.33 (1) 7.35(t) 7.36 (t) 7.37 (t) 7.38(t) 0.05

H-5' 6.94 (t) 6.95 6.97 6.98 (t) 7.00 (t)  0.06
(br. s) (br. t)
H-6' 8.32 8.34 8.36 8.37 (d, 8.38 0.06
(br.s; (br.s; (br.s; J=8.1Hz) (d;
v,=19Hz) v,=30Hz) v,~20Hz) J=28.1Hz)

COCH; 257(s) 2.59(s) 260(s) 2.62(s)  2.63(s) 0.06
4-CH; 257(s) 256(s) 259(s) 261(s) 2.62(s) 0.05
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1H NMR (600 MHz, CDCl3, 293 K): 6= 13.93 (br. s, vy, = 47 Hz, 1H, N-OH); 12.40 (br. s, vi; =
62 Hz, 1H, OH); 8.32 (br. s, vy, = 19 Hz, 1H, H6’); 7.33 (t, 1H, H4"); 7.03 (dd, / = 8.3, 1.2 Hz,
1H, H3’); 6.94 (t, 1H, H5’); 2.57 (s, 6H, 2CH3) ppm.

1H NMR (600 MHz, CDCl3, 273 K): 6= 13.98 (br. s, vy, = 40 Hz, 1H, N-OH); 12.54 (br. s, vy, =
56 Hz, 1H, OH); 8.36 (br. s, vy, = 30 Hz, 1H, H6’); 7.35 (t, 1H, H4"); 7.05 (d, / = 8.3 Hz, 1H,
H3"); 6.95 (br. s, vy, = 22 Hz, 1H, H5'); 2.59 (s, 3H, COCH3); 2.56 (s, 3H, CH3) ppm.



1H NMR (600 MHz, CDCls, 263 K): 8= 14.01 (s, vy, = 16 Hz, 1H, N-OH); 12.56 (br. s, vy, = 28
Hz, 1H, OH); 8.36 (br. s, vy, = 20 Hz, 1H, H6"); 7.36 (t, 1H, H4); 7.05 (d, ] = 8.3 Hz, 1H, H3");
6.97 (t, 1H, H5’); 2.60 (s, 3H, COCH3); 2.59 (s, 3H, CHs) ppm.

'H NMR (600 MHz, CDCl3, 253 K): 6= 14.04 (s, 1H, N-OH); 12.64 (s, vy = 12 Hz; 1H, OH);
8.37 (d,J = 8.1 Hz, 1H, H6'); 7.37 (t, 1H, H4"); 7.06 (d, ] = 8.3 Hz, 1H, H3"); 6.98 (t, 1H, H5’);
2.62 (s, 3H, COCH3); 2.61 (s, 3H, CH3) ppm.

1H NMR (600 MHz, CDCl3, 243 K): 6= 14.06 (s, 1H, N-OH); 12.70 (s, 1H, OH); 8.38 (d, /= 8.0
Hz, 1H, H6’); 7.38 (t, 1H, H4’); 7.07 (d, J = 8.3 Hz, 1H, H3"); 7.00 (t, 1H, H5’); 2.63 (s, 3H,
COCH3); 2.62 (s, 3H, CH3) ppm.



4. NMR spectra of compound 2 at different concentrations.
Table S2. 'H NMR spectra of solutions with differing concentrations of compound 2 in CDCl;

(3, ppm).
Starting solution  Dilution 1 Dilution 2 Dilution 3
0.067 mol/L 0.034 mol/L  0.017 mol/L  0.007 mol/L
N-OH 13.93 13.94 13.95 (s) 13.95 (s)
(br; (br. s;
v,~45Hz) vi,~19Hz)
OH 12.41 12.40 12.40 12.40
(br; (br. s; (br. s; (br. s;
v,~60Hz) v,~35Hz) v,~20Hz) vi,~18Hz)
H-3' 7.03 (d) 7.03 (d) 7.04 (dd) 7.04 (dd)
H-4' 7.33 (t) 7.33 (t) 7.33 (1) 7.34 (1)
H-5' 6.94 (t) 6.95 (1) 6.95 (1) 6.95 (1)
H-6' 8.32 8.34 8.35 8.35
(br.s; (br. d; (br. d; (d;
vi,=20Hz) J=7.9Hz) J=8.0Hz) J=8.0Hz)
COCH; 2.57 (s) 2.59 (s) 2.60 (s) 2.60 (s)
4-CH; 2.57 (s) 2.59 (s) 2.59 (s) 2.60 (s)
Signal of H,O 1.66 1.56 1.56 1.56
vi,~60Hz vi,=18Hz vi,~<9Hz vi,=3Hz
[0.007 mol/L]
| A N I
[0.017 moliL]
| I\ | J\UJ M,J s
[0.034 mol/L]
J\ A J\ M L
[0.067 mol/L]
Jk L e AN

1 (vR)

1H NMR (600 MHz, CDCl3, [0.067 mol/1]): 6= 13.93 (br. s, vy, = 47 Hz, 1H, N-OH); 12.40 (br.
s, vy, = 62 Hz, 1H, OH); 8.32 (br. s, vy, = 19 Hz, 1H, H6’); 7.33 (t, 1H, H4"); 7.03 (dd, /] =8.3,1.2
Hz, 1H, H3'); 6.94 (t, 1H, H5’); 2.57 (s, 6H, 2CH3) ppm.



TH NMR (600 MHz, CDCl3, [0.034 mol/1]): 6=13.94 (br.s, vi, = 18 Hz, 1H, N-OH); 12.40 (br.
s, vi, = 35 Hz); 8.34 (d, / = 7.9 Hz; 1H, H6’); 7.33 (t, 1H, H4’); 7.03 (d, / = 8.4 Hz; 1H, H3’);
6.95 (t, 1H, H5’); 2.59 (s, 6H, 2CH3) ppm.

1H NMR (600 MHz, CDCl3, [0.017 mol/1]): 6= 13.95 (s, 1H, N-OH); 12.40 (br. s, vy, = 20 Hz);
8.35 (d, J = 8.0 Hz; 1H, H6); 7.33 (t, 1H, H4’); 7.04 (dd, ] = 8.3, 1.2 Hz; 1H, H3’); 6.95 (t, 1H,
H5’); 2.60 (s, 3H, COCH3); 2.59 (s, 3H, CH3) ppm.

1H NMR (600 MHz, CDCls, [0.007 mol/1]): 8= 13.95 (s, 1H, N-OH); 12.40 (br. s, vy = 18 Hz,
1H, OH); 8.35 (d, ] = 8.0 Hz; 1H, H6"); 7.34 (t, 1H, H4’); 7.04 (dd, J = 8.3, 1.2 Hz; 1H, H3");
6.95 (t, 1H, H5’); 2.60 (s, 3H, COCH3); 2.59 (s, 3H, CHs) ppm.



5. NMR spectra of compound 2 in mixture of solvents CDCl3-DMSO-d¢ (1:1).
Table 3S. '"H NMR spectra in mixture of CDCl; and DMSO-d; (1:1) at different temperatures (0,

ppm).
293 K 273 K 253K
N-OH 13.67 (br. s) 13.68 (s) 13.68 (s)
OH 13.55 (br. s) 13.56 (s) 13.56 (s)
H-3' 6.84 — 6.89 (m) 6.82-6.89 (m)  6.82 —6.89 (m)
H-4' 7.32 (t) 7.32 (t) 7.32 (t)
H-5' 6.84 — 6.89 (m) 6.82—-6.89 (m)  6.82 —6.89 (m)
H-6' 7.45 (br.s; vi,~70Hz) 7.40 (d; J/=7.8Hz) 7.40 (d; J=7.8Hz)
COCH; 2.65 (s) 2.63 (s) 2.63 (s)
4-CH; 2.46 (s) 2.45 (s) 2.45 (s)
Signal of H,O 3.33 3.62 3.62
(v,~35Hz) (v,=13Hz) (v.~THz)

The NMR spectra in mixture of solvents (CDCI3-DMSO-ds 1:1) at 293 K, 273 K and 253 K
were recorded for 5-acetylsubstituted 1-hydroxyimidazole 2 (Table 35).

First, it should be mentioned that in this medium at room temperature the signal of the
“reference” H6’ proton is considerably broadened (vy = 70 Hz) and is observed at 7.45
ppm. Cooling the sample results in the doublet (3/ = 7.8 Hz). It seems that the broadening of
this signal is related to a rotation of the anisotropic parts of the molecule about the phenyl-
imidazole bond that slow down with the temperature decrease.

Secondly, the positions and shapes of the OH and the water proton signals are also
noteworthy. At 293 K the water protons give a broadened (v~ 35 Hz) signal at 3.33 ppm.
Cooling results in its narrowing (v273~ 13 Hz; vy253 %~ 7 Hz) and shifting to 3.62 ppm. The
protons bonded to the heteroatoms are observed at room temperature as broad signals at
13.67 ppm and 13.55 ppm. However on cooling the signals become narrower but their
positions remain unchanged. The change in the position and width of the water protons
signal allows to conclude that cooling of the sample reduces the intermolecular exchange
between the water and OH-protons.

The absence of a low-field shift of the H6' proton signal (7.45 ppm) and the nonequivalence
of the signals of the protons bonded to the heteroatoms testify the “open” NH-imidazole N-

oxide tautomeric form.



Copies of NMR spectra of compound 2 in mixture of solvents
CDCl; - DMSO-ds (1:1)

IH NMR spectrum (293 K, 600 MHz): 6= 13.67 (br. s, 1H, N-OH); 13.55 (br. s, 1H, OH); 7.45
(br.s, v, = 70 Hz, 1H, H6"); 7.32 (t, 1H, H4’); 6.84-6.89 (m, 2H, H3’ and H5’); 2.65 (s, 3H,
COCH3); 2.46 (s, 3H, CHz) ppm.
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IH NMR spectrum (273 K, 600 MHz): 6= 13.68 (s, 1H, N-OH); 13.56 (s, 1H, OH); 7.40 (d, ] =
7.8 Hz, 1H, H6’); 7.32 (t, 1H, H4’); 6.82-6.89 (m, 2H, H3’ and H5’); 2.63 (s, 3H, COCH3); 2.45
(s, 3H, CH3) ppm.
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TH NMR spectrum (253 K, 600 MHz): 6= 13.68 (s, 1H, N-OH); 13.56 (s, 1H, OH); 7.40 (d, ] =
7.8 Hz, 1H, H6’); 7.32 (t, 1H, H4’); 6.82-6.89 (m, 2H, H3’ and H5’); 2.63 (s, 3H, COCH3); 2.45
(s, 3H, CH3) ppm.
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T'H NMR spectra at different temperatures (600 MHz):
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13C NMR spectrum (253 K, 600 MHz): §= 190.0 (C=0); 158.7 (C-2"); 135.9 (C-2); 134.3 (C-
4); 132.8 (C-3"); 128.6 (C-6"); 127.2 (C-5); 120.7 (C-5"); 118.9 (C-3"); 112.7 (C-1); 30.9
(COCH3); 12.7 (4-CHs) ppm.
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ACCEPTED MANUSCRIPT
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