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Available online NMR spectroscopy. It has been shown that the predominance of one or another

Keywords: depends on the nature of the substituents of the imidazole ring, and the- proton
Prototropic tautomerism donating/proton-withdrawing properties of a solvent.

1-Hydroxyimidazole X-ray diffraction data for two of the compounds has revealed that in the solid state-these 1
Imidazole N-oxide hydroxyimidazole derivatives exist as N-oxide tautomers.

2-(3-Chromenyl)imidazole
NMR spectroscopy
X-ray diffraction

1. Introduction

1-Hydroxyimidazole derivatives exhibit various kinds of Prototropic  tautomerism  of  aryl-substituted  1-
biological activity. They display insecticiddl® and bacteriostatic hydroxyimidazoles was discussed in a series of papers published
properties® antiviraP” and antihypertensifectivities; they are in 1960s™. In the paper of AR. Katrizk§}, the results of
also considered as potent AMPA receptor agognjmg so on. 1- previous publications have been critically considered. For 2,4,5-
Hydroxyimidazoles are also valuable intermediates for thdriphenylimidazole 3-oxide and benzimidazole 3-oxide, it has
synthesis of imidazole derivatives (see, e.g., revi@is; been shown that these compounds exist predominantly in the N-
paper§™. hydroxy- form in nonpolar solvents, the content of the NH-form
being increased as the polarity of a solvent increases. The main

It is supposed that 1-hydroxyimidazole derivatives exist inonclusions were based on the similarity of the absorption

either N-hydroxy (a) or N-oxide (b) tautomeric form: spectra of the compounds under consideration, and model
compounds (N- and O-methyl derivatives), and the comparison
,OH /O of their pKa values in agueous solution.
R4 N R4 N A few studies of the prototropic tautomerism of related
;[N?_Rzz ;[ 7R compounds (1-hydroxybenzimidazole derivatives) are also
Rs Rg ” known?*?® The prototropic tautomerism of 6-nitro- and 6-
@ ®) ethoxycarbonyl-1-hydroxybenzimidazol-2-carboxylic acids

. . . 13,
Figure 1. Prototropic tautomerism of 1-hydroxyimidazoles.  derivatives has been studied By and*C NMR spectroscopy,
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quantum-chemical calculations, and X-ray structural analysis.  In order to compare properties of 1-hydroxyimidazoles with 1-
The main conclusion is that only the N-hydroxy form of thesesubstituted imidazole 3-oxide, novel 2-chromenyl-substituted
compounds may exist in the solid state. In solution, d@midazole 3-oxidel4 was synthesized. Condensation was carried
predominance of one of the tautomeric forms has been explainedt in glacial acetic acid at room temperature, with benzylamine
by a trend of the solvent forming hydrogen bonds (hydrogeni5 being used as the amine constituent.
bond-donor HBD or hydrogen-bond-acceptor HBA) rather than
solvent polarity.

7N
To the best of our knowledge, other papers concerning ~
; ; ) - . CH,
prototropic tautomerism in 1-hydroxyimidazoles are lacking. HON CH 1
Apparently, it is explained by the use of these compounds mainl @”NH 3 CHsCOOH w CHs
as intermediates in the syntheses of imidazoles. Recently, o CH3 o o)
however, research interest in the biological activity of 1- 5 6 14, 53%

hydroxyimidazoles (see, e} and their coordinating Scheme3. Synthe5|s of imidazole N-oxidet.
propertie®?” has increased. From this point of view, it is
reasonable to return to the investigation of prototropic

tautomerism of 1-hydroxyimidazoles. . o . )
As is known, 1-hydroxyimidazoles may be easily reduced into

In our opinion, the study of 1-hydroxyimidazole derivativesthe corresponding imidazoles by refluxing with
capable of intramolecular hydrogen-bond formation may be ofriphenylphosphine in glacial acetic acid. This was demonstrated
particular interest. In this work, we investigate 2-(3-chromenyl)on 1-hydroxyimidazold:
substituted 1-hydroxyimidazoles containing (or not containing)
the carbonyl group in position 5 of the imidazole ring.

2. Results and Discussion o NJB\& C-H 0
| | - Mo ppn, 9 NS OCH
2.1. Synthesis of 2-Chromenyl Substituted 1-Hydroxyimidazoles “AcOH @fﬁ/k N o)
c
One of the most convenient and wide-spread methods to O

synthesise 1-hydroxyimidazoles is the cyclization af 4 16, 57%

hydroxyiminoketones with aldehydes and ammonium acetat&cheme 4. Reduction of 1-hydroxyimidazol&

(see, e.g®?". The reaction is carried out either in alcohol or in

glacial acetic acid. The temperature of the reaction may vary. All novel imidazole derivativesl¢4, 14) were characterized
by H and *C NMR spectroscopy and mass spectrometry,

Novel 1-hydroxyimidazoles 1-4 were obtained by gjamental analysis, and melting point data.

condensation of 4-oxo-4H-chromenyl-3-carbaldehyslewith

ammonium acetate and the corresponding oxéa®ein glacial 2.2. Sudy of Prototropic Tautomerism of 2-Chromenyl
acetic acid at room temperature. Substituted 1-Hydroxi midazoles in Solution
Prototropic tautomerism of heterocyclic compounds in
00 solut|on is widely studied by means of NMR spectroscopy (see,
W WH 0 CHs e.g9.” * %, This method may be useful and informative in the
o NXCH .*\—\ % O N OCsHs case of 1-hydroxy-2-chromenylimidazoles- 4. It will be shown
3 @ cOy N . . . . .
o RS - Y in the further discussion that cheml_cal shifts _of the proton at the
O1 80% voooo% “%o"% 04 80% C-2 atom Hc,) of the chromenyl moiety are different for the N-
CH3" v NS, hydroxy- and N-oxide tautomers.
O N+ CHs 0 NQ . . .
MN Y | ‘N H In order.tq escape the possible (though unlikely) m_fluence of
OH o OH the C-H-acidity at the C-2 atonii{,) of the chromenyl ring and
2,86% 3, 60% i following exchange processes, the NMR spectra of protonated
Scheme 1. Synthesis of 2-chromenyl-substituted compoundsl — 4 and 14 were recorded in CIZN with the
1-hydroxyimidazoles addition of ~10 equivalents of trifluoromethanesulfonic acid, and

in trifluoroacetic acid. In both cases thHe, signal appears as a
Starting aldehyde 5 was obtained by treatment of narrow singlet (Table 1), which precludes the exchange process.
hydroxyacetophenonel0 with phosphorous-oxychloride in
dimethyl formamidé’ Starting oximes7-9 were obtained by Table 1. Chemical shifts for thed., proton of protonated
nitrosation of the corresponding diketorls13 by techniques forms of compounds-4 and14.
close to those described in literatdté? Butandione monoximé

- . . Solvent 1 2 3 4 14

is commercially available.
CD:CN + CRSOH 929 936 947 940 8.82
CR:COOH 944 959 970 957 8.40

@f‘\ POCI;, DMF W b< NaNOz ﬁ<
OH In the®H NMR spectra recorded in deuterated chloroform, the

o c‘:’ 7o 8, 98% Hc, signal is found either at 10.62 ppm (compoujdor at 8.93
O O NaNO, o 0 NaNo2 ppm (compound), or it appears as two signals in the 8.65 — 8.85
AN H* )\N')K Ao )J\NHLO/\ and 10.66 — 10.79 ppm ranges, that correspond to different
T 7 9?; 13 o 9%; tautomeric forms (Table 2 and Figure 2). The low-field signals in

the 11.2 — 13.2 ppm range are attributed to the OH (NH) group

Scheme 2. Synthesis of starting compounds. i - i /
protons. A comparison of the positions of the signalstgrin



compoundsl — 4 with that in compound4 makes it possible to
conclude that the signals in the ranges 10.62 — 10.79 and 11.22 -1
12.16 ppm correspond to thk, andOH-group protons of the N-
hydroxy tautomer ), whereas the signals in the 8.65 — 8.93 andgw’
12.73 — 13.15 ppm ranges refer to Hig and NH protons of the
N-oxide form of imidazole (b). Thus, in deuterochloroform 4,5- %% : OHJ, H-2
dimethylimidazolel exists exclusively as the N-hydroxytautomer 0.78083
(a), whereas 5-carbonyl-substituted imidazofes 4) exist either =k
as the N-oxide tautomer (b) (compouBidor as an equilibrium
mixture of the tautomers (compoundsand 4) where the N- >
hydroxy- form ) prevails (integration of signals in the NMR
spectra allows a rough estimation of the tautomer ratio to makez = ., H-2
viz, (@) : (b) = 2 : 1). For compound}, a transition of one £ "] OH
tautomer into another one proceeds rather quickly, which is o3 Jﬁm
indicated by a broaddc, signal in the range 9.0 — 9.3 ppm e g et b
(coalescence point). Lowering the temperature to 242K allows us = = =2

to observe the signals of both tautomers of this compound. It
should be noted that, for compour@l in chloroform, the E
integrated intensity of théi., signal is slightly understated. 3 T
However, the'H NMR spectrum at decreased temperatures doesém

not reveal any “new” signals that could be attributed to anotherg
tautomeric form (a). " o5
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23, ppm Figure2. 8.5 — 13.5 range dH NMR spectra of compounds
1-4, 14 registered in CDGI

® The spectrum was recorded at R42

In more polar aprotic ([FDMSO and CRCN) and protic
(CD;OD) solvents, the situation is roughly similar. Thus,
according to the agreement of the chemical shiftsHgy of
compound®2 — 4 and N-oxidel4, it may be established that, in
strongly polar aprotic [EJDMSO, 5-carbonyl-substituted
imidazoles 2 - 4) exist as N-oxide tautomers (b), while, in the
case of 4,5-dimethylimidazolg the signal of the similar proton
is shifted downfield by near 2 ppm (hydroxytautom#}.(In less
polar acetonitrile, the signal dfi-, for compoundl appears at
10.48 ppm, which qualitatively coincides with the position of this
signal in CDCl; and [Q}DMSO (hydroxytautomer aj). For
compounds3 and 4, the Hc, signals are broadened and they
appear in the range 9.2 — 9.3 ppm (an intermediate between
positions for compounds and 14, see Table 2), which indicates
the existence of the tautomeric equilibria.

In polar protic CROD, the situation is quite similar to that
observed in acetonitrile. Unfortunately, it was impossible to
record the NMR spectra of compoun8s 4 in CD;CN and
CD;0D at a lower temperature because of their poor solubility in
these solvents.
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So, 4,5-dimethylimidazolel exists in solution as the N-
hydroxytautomer regardless of the nature of the solvent. In
hydrogen-bond acceptor, {DMSO, 5-carbonyl substituted
imidazoles2 — 4 exist in the N-oxide form. In a weak hydrogen-
bond donor, CDG| compound3 containing a fixed carbonyl
group in 5 position also exists as a N-oxide tautomer. Evidently
it can be explained by the favourable conditions for conjugatiol
in enaminone moiety, that is additionally stabilized by the
intramolecular hydrogen bond between N-H proton and carbon
oxygen in the chromenyl part of the molecule.

H ' Figure 4. Compoundl. Molecular structure thermal atomic
O/ \N—\S—“R displacement parameter are given at the 50% probability

N level.
LN
(@) (0]

) ) Selected bond lengths are listed in Table 3.
Figure 3. Enaminone structure.

Table 3. Selected bond lengths (A) in molecules.

CompoundlL.  Compound3
The weakening of conjugation due to the possibility of5;-c11238@) 1.230Q2)
carbonyl group rotation in compoungsnd4 in CDCl,, and also

the increase in proton-donating ability of a solvent {C® and 02-C3 1.362(4) 1.343(2)
CD;OD), that loosens the intramolecular hydrogen bondo2-C4 1.382(4) 1.367(2)
(compounds2 and4), favours the occurence of the second (N-03-N1  1.349(4) 1.321(2)
hydroxy) tautomer (a). This leads to the mixture of tautomers iy, ~15 . 1.219(2)
solution.
N1-C10  1.346(5) 1.339(2)

Thus, for this series of compounds, the N-oxide form prevailg;_c15 1.399(5) 1.393(2)
only in molecules stabilized by conjugation in the enaminone
structure in the absence of strong proton-donating solverf?- 1t 1.3730) 1.354(2)
properties. N2-C10 1.371(5) 1.364(2)

It should be mentioned that a high sensitivity ofithgproton CACZ 1.469(5) 1.463
of the chromenyl ring towards the influence of atom environmeng1-C5 1.467(5) 1.474(2)
is typical not only for 1-hydroxyimidazole derivatives but alsoc2-c3 1.366(5) 1.350(2)
for imidazoles themselves. C2-C10  1.446(5) 1.454(2)

In the '"H NMR spectrum of compound6, recorded in C4-C5 1.388(5) 1.383(2)
deuterated chloroform, thél., proton signal appears as two ¢4 cg 1.398(2) 1.398(2)
singlets at 9.19 and 9.09 ppm (the ratio of integrated intensities |
1 : 1.2). The signals of aliphatic protons are also double .5'06 1.4056) 1.406(2)
Specifically, the methyl group in the 4(5) position of theC6-C7  1.373(5) 1.372(3)
imidazole ring reveals two singlets at 2.64 and 2.56 ppm (the7-cs 1.414(6) 1.396(3)
ratio of integrated intensities is 1 : 1.2). Obviously, it is related tg-g_cq 1.379(6) 1.363(3)

the migration of the proton between the nitrogen atoms of 11.C12 136365 13722
imidazole ring, rather than possible conformers obtained as Gl 363(5) 372(2)
result of the rotation around the bond between two heterocycle§11-C14  1.504(5) -

otherwise in the latter case the signal of the methyl group protortsii-c16 - 1.479(2)
should not be split. C12-C13  1.482(5) 1.450(2)
2.3. Sudy of Prototropic Tautomerism of 2-Chromenyl C13-c14 - 1.509(2)
Substituted 1-Hydroxyimidazoles in Solid State C14-C15 - 1537(3)
X-ray analysis data have been obtained for compotredsd  C15-C16 - 1.540(2)
3.

The structures of formula units are shown in Figures 4 and 7. Molecules ofL are packed in infinite chains through hydrogen

bonds of the type O3...HA2 (see Figures 4 and 5). Geometric
parameters of these bonds are as follows: 03...H2 2.312 A, angle
at H2 atom 130°, angle at O3 atom 134.1°. These parameters
correspond to a rather weak interaction.



Figure 8. Fragment of crystal packing of compousd

It is seen from the projection of the crystal packing that
solvate methanol molecules are situated in the cavities between
the main molecules in the vicinity of the O3 atom of the main
molecules. In all orientations of the disordered solvent molecules,
their hydroxyl groups (O1S) are turned towards the O3 atoms.
This means that solvent molecules are involved in crystal
packing due to hydrogen bonds. The distances between the
oxygen atoms of disordered methanol and the O3 atom lies

Figure 6. System of hydrogen bonds in crystals of compoundWithin the range 2.535 — 2.887 A, typical for hydrogen bonds
1; labels A, B, C and D in atom denotation indicate different O-H...O.

molecules.

Figure 9 shows the system of hydrogen bonds within the
crystal. The molecules are combined in endless chains due to
hydrogen bonding O4...H2AN2. The distances O4...N2 and
O4...H2A (2.915(2) 2.21 A, respectively) correspond to
N-H...O hydrogen bond, although the angle at H2A hydrogen
atom is equal to 139°. This indicates that the location of the
hydrogen atom is not optimal, and this hydrogen bond should be
rather weak. In the chain, the molecules that have labels C and D,
as well A and B in atom denotation are related by translation
along thec-axis. Pairs of molecules with labels A and C, as well
as D and B are related via axes.

Figure 7. Compound3. Structure of formula units; thermal
atomic displacement parameters are given at the level of 30%
probabililty.

As a whole, compoun® is planar, with the exception of
saturated fragment C13...C18. The C13-C12-C11-C16 fragment
is planar, whereas atoms C14 and C15 are displaced from the
plane of the planar fragment by 0.243 and -0.466 A, respectively.
Methyl groups at C17 and C18 have equatorial and axial
orientations, respectively.

Some bond length alternation is observed in the C4...C9
benzene ring. In the crystal, the molecules are linked by
hydrogen bonds (Figure 8).
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Figure 9. System of hydrogen bonds in crystal of compound A mixture of aldehydé (4.0 g, 0.023 mol), oximé (2.3 g,
3; labels A, B, C and D in atom denotation indicate different 0.023 mol) and ammonium acetate (2.5 g, 0.032 mol) in glacial
molecules. acetic acid (30 mL) was stirred at room temperature for 12 hours
and left to stand overnight. The precipitate was filtered off and
washed with ether. The filtrate was poured into water (100 mL),
ﬁnd the precipitate filtered off and dried. The precipitates were
ombined (5.8 g) and recrystallized from toluene yielding 4.7 g
?80%) of productl as yellow solid as the mono-hydrate; m.p.
178-180C. After drying under reduced pressure oved{$m.p.
Thus, in the crystal form, molecules of compodrate bound is 203-204¢€.
into long chains via hydrogen bonds between the oxygen atom of
the N-o?dde group an)zi thg NH-moiety of the adjaceyn% molecule H NMR (300 MHz, CDC}, 299K):8 = 11.20 (br. s, 1H, OH);
%0.79 (br. s, 1H, K¥-2); 8.30 (dd J = 8.07 Hz, 1H,,H5); 7.73 -

that is, they are ordered by imidazole fragments).

(thatis, they are ordered by imidazole fragments) 7.82 (m, 1H, H,-7); 7.60 (d, J = 8.07 Hz, 1H,H8); 7.45 - 7.53
As for compound3, its NH-moiety is bound by hydrogen (m, 1H, H\-6); 2.28 (s, 3H, Ck}; 2.25 (s, 3H, Ck) ppm.

bonds with the carbonyl in the 5 position of the imidazole ring of

1 . —
the adjacent molecule, the N-oxide oxygen atom being excludeéi H NMR (300 MHz, [Q]DMSQ’ 302K): 8 = 11.89 (br. S’_
from formation of the H-bond. .7H, OH); 10.62 (br. s, 0.7H, 442); 8.10 - 8.25 (m, 1H, H-Ar);

7.67 - 7.92 (m, 2H, H-Ar); 7.50 - 7.60 (m, 1H, H-Ar); 2.18 (s,
In both cases the carbonyl oxygen atom of the chromeny8H, CH;); 2.06 (s, 3H, Ck) ppm.

moiety does not participate in the formation of chains. 1
H NMR (300 MHz, CECOOH, 296K):5 = 9.44 (s, 1H, K-
3. Conclusion 2); 8.12 - 8.21 (m, 1H, H-Ar); 7.80 - 7.90 (m, 1H, H-Ar); 7.50 -

In the crystal state, substituted imidazalesnd3 exist in the 7.68 (M, 2H, H-Ar); 2.29 (s, 3H, G} 2.26 (s, 3H, Ck) ppm.

N-oxide tautomeric form. However, the crystal packing of these 'H NMR (300 MHz, CRCN, 300K):8 = 10.48 (s, 1H, K-
two compounds is different. 2); 8.23 (d, J = 8.07 Hz, 1H, H-Ar); 7.75 - 7.85 (m, 1H, H-Ar);

A rather close packing of the molecules in the crystal, and ch}'SO - 7.66 (m, 2H, H-A); 2.22 (s, 3H, @ki2.11 (s, 3H, CH)
presence of long chains for 4,5-dimethylimidazole derivative ppm.
are caused by hydrogen bonds between the imidazole N-oxide *H NMR (300 MHz, CRCN+CRSO;H, 301K): 8 = 9.29 (s,
moieties of the molecules. 1H, Hp-2); 8.27 - 8.35 (m, 1H, H-Ar); 7.92 - 8.04 (m, 1H, H-Ar);
62 - 7.82 (m, 2H, H-Ar); 2.34 (s, 3H, @H2.30 (s, 3H, Ch)

According to the X-ray analysis data, both compouhdsd
3, in the solid state exist as N-oxide tautomers, the difference i
topology of the intermolecular bonds in these molecules bein
rather interesting.

The presence of a bulky annulated ring in the 4,5 positions o7f'
the imidazole moiety of compourBjprevents the formation of an
ordered chain structure. 'H NMR (300 MHz, CROD, 300K):8 = 10.15 (s, 1H, K-

2); 8.24 - 8.31 (m, 1H, H-Ar); 7.80 - 7.89 (m, 1H, H-Ar); 7.64 -

. . 7.71 (m, 1H, H-Ar); 7.50 - 7.58 (m, 1H, H-Ar); 2.29 (s, 3H,
proton-donor (proton-acceptor) properties of the solvent, in thf-:H ); 2.20 (s, 3H, Ck) ppm

case of 4,5-dimethyl-2-chromenyl-1-hydroxyimidazole the 3 & T ppm.

tautomeric equilibrium between N-hydroxy- (a) and N-oxide (b) **C NMR (75.48 MHz, [Q]DMSO): & = 173.8, 155.3, 155.3,
forms is shifted to the N-hydroxy tautomer that is apparentlyi55.2, 134.6, 125.9, 125.2, 124.2, 123.0, 121.5, 120.9, 118.6,
more thermodynamically favourable. The introduction of a10.4, 6.9 ppm.

carbonyl group in position 5 of the 1-hydroxyimidazole shifts the ] _

equilibrium to the N-oxide tautomer (b), that becomes more MS (El): m/z = 256 [M].
energetically favorable due to the conjugation between the Anal. C,H;,N,0; -H,0 (274): caled. C 61.31, H 5.11, N
endocyclic amino group of the imidazole moiety and the carbonyl0.22; found C 61.11, H 5.07, N 9.89.

group (an enaminone chain). The more effective this conjugation

is (fixed carbonyl group, absence or very weak proton-donating AN&l: CidH1N,05 (256): caled. C 65.63, H 4.69, N 10.94;
properties of the solvent), the more the tautomeric equilibrium ig"””d C 65.78, H4.73, N 10.90.

shifted to the N-oxide form (b). IR Vimax (KBF) 3400-3000 (br), 2924, 1650, 1637, 1613, 1572,
4. Experimental Section 1463, 1372, 1300, 1261, 1225, 1208, 1163, 1086, 849, 794, 757,
703, 675, 591, 519 ¢

Vmax (film) 3400-3000 (br), 2924, 1650, 1633, 1614, 1572,
Chemicalswere purchased from commercial sources and were464, 1373, 1300, 1263, 1227, 1209, 1163, 1087, 849, 789, 758,
used without further purificatiotH and**C NMR spectra were 704, 675, 638, 590, 518 ¢m
recorded with Bruker VP-200 or Bruker AvanceTM-300 o
spectrometers with the residual solvents as internal standards,42-2- 3-(5-Acetyl-1-hydroxy-4-methyl-1H-imidazol-2-yl)-4H-
Mass-spectra were recorded with a LKB-2000 mas&hromen-4-one (2).

spectrometer. Infrared spectra of solids were recorded with A mixture of aldehydes (4.0 g, 0.023 mol), oxim@& (3.0 g,
Shimadzu IRAffinity-1 FTIR spectrophotometer as film obtainedg 23 mol) and ammonium acetate (2.5 g, 0.032 mol) in glacial
from chloroform  solution or with Nicolet Magna 750 IR acetic acid (30 mL) was stirred at room temperature for 11 hours

In relatively dilute solution, regardless of the polarity and

4.1. General

spectrophotometer in a KBr matrix. and left to stand for 3 days. The precipitate was filtered off and
42. The detailed experimental procedures and washed with ether yielding 5.6 g (86%) of chromatographically
characterization data. pure product2 as a white solid. After recrystallization from
glacial acetic acid and drying under reduced pressure over alkali
4.2.1. 3-(1-Hydroxy-4,5-dimethyl-1H-imidazol -2-yl)-4H- m.p. is 214-216C.

chromen-4-one (1).
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'H NMR (300 MHz, CDGJ, 296K):3 = 12.88 (s, 0.3H, NH);  *H NMR (300 MHz, CROD, 296K):5 = 9.57 (br. s, 1H,
11.79 (s, 0.7H, OH); 10.79 (s, 0.7H, H-2); 8.85 (s, 0.3H, H-2)Ha-2); 8.22 - 8.30 (m, 1H, H-Ar); 7.82 - 7.90 (m, 1H, H-Ar);
8.20 - 8.45 (m, 1H, H-Ar); 7.72 - 7.90 (m, 1H, H-Ar); 7.54 - 7.677.50 - 7.72 (m, 2H, H-Ar); 2.83 (s, 2H, Gki2.46 (s, 2H, Ch);
(m, 2H, H-Ar); 2.86 (s, 3H, CH; 2.60 (s, 3H, Ck) ppm. 1.15 (s, 6H, 2Ck) ppm.

'H NMR (300 MHz, [QIDMSO, 301K):5 = 11.94 (br. s, 0.5 *C NMR (75.48 MHz, [Q]DMSO): = 185.7, 173.5, 158.2,
H, NH); 8.74 (br. s, 0.5 H, k+2); 8.10 - 8.22 (m, 1H, H-Ar); 155.5, 134.9, 126.3, 125.3, 124.8, 123.4, 122.9, 119.3, 118.6,
7.85 - 7.95 (m, 1H, H-Ar); 7.72 - 7.80 (m, 1H, H-Ar); 7.55 - 7.63114.3, 52.4, 38.3, 35.3, 28.0 ppm.

(m, 1H, H-Ar); 2.56 (s, 3H, CH; 2.42 (s, 3H, Ck) ppm. MS (EI): miz = 324 [M].

1
H NMR (300 MHz, CECOOH, 296K):3 = 9.59 (s, 1H, K-
. i} AR ) Ar)- _Anal. GgH;N,O, (324): caled. C 66.67, H 4.94; N 8.64,
2); 8.12 - 8.22 (m, 1H, H-Ar); 7.85 - 7.94 (m, 1H, H-Ar); 7.56 found C 66.68: H 5.06: N 8.48.

7.72 (m, 2H, H-Ar); 2.80 (s, 3H, GM 2.69 (s, 3H, Ck) ppm.
IR Vinax (KBr) 3104, 2954, 2859, 2600-2200 (br), 1662, 1613,

1
H NMR (300 MHz, CRQCN+CRSG;H, 296K): 8 = 9.36 (s,
1H, Ha-2): 8.25 - 8.34 (m, 1H, H-Ar); 7.92 - 8.02 (m, 1H, H-Ar); 1557, 1464, 1405, 1312, 1291, 1173, 1142, 1073, 912, 861, 768,

-1
7.62 - 7.80 (m, 2H, H-Ar); 2.71 (s, 3H, GHI2.67 (s, 3H, Cy) 022 °M-
ppm. Vmax (film) 3300-3100 (br), 2959, 2700-2400 (br), 1665, 1616,
1570, 1464, 1370, 1310, 1219, 1176, 1140, 1076, 914, 855, 760,

C NMR (75.48 MHz, [Q]IDMSO): § = 188.6, 173.9, 157.6, 20 ot
156.2, 155.5, 135.0, 126.3, 126.1, 125.3, 123.8, 123.2, 123.8, enr.
118.7, 29.8, 14.5 ppm. 4.2.4. Ethyl 1-hydroxy-4-methyl-2-(4-oxo-4H-chromen-3-yl)-
MS (EI): m/z = 284 [M]. 1H-imidazole-5-carboxylate (4).

. . A mixture of aldehydé (2.1 g, 0.012 mol), oximé (1.91 g,
Anal. CsH1:N,O, (284): calcd. C 63.38, H 4.23, N 9.86; . ; .
found C 63.49, H 4.29. N 9.58. 0.012 mol) and ammonium acetate (1.85 g, 0.024 mol) in glacial

acetic acid (20 mL) was stirred at 40-80fbr 3 hours and left to
IR vax (film) 3267, 1659, 1639, 1613, 1565, 1559, 1497,stand overnight. The reaction mixture was poured into water (60
1464, 1410, 1302, 1275, 1224, 1204, 1171, 1146, 957, 916, 85%L), the product was extracted with chloroform (15 mL x 2), the
802, 760, 687, 605, 530 ¢m extract was dried over anhydrous sodium sulfate. The solvent

. was removed under reduced pressure. The obtained oil was
4.23.  1-Hydroxy-55-dimethyl-2-(4-oxo-4H-chromen-3-yl)- - yooiad with ether yielding 3.0 g (80%) of produttas a
4,5,6,7-tetrahydro-1H-benzo[ d] imidazol - 7(4H)-one (3).

yellowish solid. M.p. 172-17% (toluene).
A mixture of aldehydé (4.5 g, 0.026 mol), oximé& (4.4 g, 1 o8 =
0.026 mol) and ammonium acetate (2.2 g, 0.029 mol) in glacia,\I“_|)|T| ngg (b(;%OSO (I;Ag:i oCﬁ)le()Zéééli)brS S é%lflg(l?rss%o(sr
acetic acid (35 mL) was stirred at room temperature for 11 hours’ j's/y .H -2)'.8 19 «d '3 =734 Hz 1H ’H_Ar). 770 - 7.83 .(m
and left to stand for 3 days. The precipitate was filtered off antf’H .H-AI’)'[ 742 - 760 (m "oH H,-Ar)', 418 - 4.40 (r'n oH.
washed with ether yielding 5.0 g (60%) of prod8cis a yellow y TS ' U1 an A i T
solid. After recrystallization from toluene and drying under OCHCH); 249 (s, 3H, Ch); 1.30 (¢, 3H, OCKCHs) ppm.

reduced pressure over paraffin m.p. is 205-206° 'H NMR (300 MHz, CDCJ, 299K): & = 12.19 (br. s, 0.7 H,

'H NMR (300 MHz, CDCJ, 302K):5 = 12.73 (br. s, 1H, NH): o) 8:27 (d, J = 8.1 Hz, 1H, H-An; 7.70 - 7.83(m, 1H, H-Ar);
7.42 - 7.60 (M, 2H, H-Ar); 4.35 (q, 2H, BGCHs); 2.47 (s, 3H,
8.93 (br. s, 1H, W-2); 8.25 - 8.42 (m, 1H, H-A); 7.74- 787 (M, ¢ "1 36 1 31, OCHCHL) ppm =
1H, H-Ar); 7.45 - 7.67 (m, 2H, H-Ar); 2.69 (s, 2H, QH2.42 (s, 3 SO A S MR '
2H, CHy); 1.12 (s, 6H, 2CK) ppm. 'H NMR (300 MHz, [Q]DMSO, 301K):§ = 11.92 (br. s,
H NMR (300 MHz, CDCL 262K 5 = 12. 96 (br. s, 1+, 08H: NH) 873 (5 1H, }1-2); 8.05 - 8.20 (m, 1H, H-Av); 780 -
* ’ ' : - S I 792 (m, 1H, H-Ar); 7.64 - 7.75 (m, 1H, H-Ar); 7.49 - 7.60 (m,
NH); 8.97 (br. s, 1H, K-2); 8.28 - 8.36 (m, 1H, H-Ar); 7.78 - ) , ,
1H, H-Ar); 4.20 - 4.40 (m, 2H, OG,CHy); 2.33 (s, 3H, CH);
7.86 (m, 1H, H-Ar); 750 - 7.66 (m, 2H, H-AD; 2.69 (S, 2H, 1 50 1 96 (m. 3H. CHEHL ppm.
CH,); 2.42 (s, 2H, CH); 1.11 (s, 6H, 2CH. 0 e S B ppm.
' NMR (300 MHz, [Q]DMSO, 300K):5 = 11.63 ( br. s, ... 4 MR (300 MHz, CECOOH, 296K):5 = 9.57 (s, 1H, -
, : ' 2); 8.13 - 8.20 (m, 1H, H-Ar); 7.82 - 7.93 (m, 1H, H-Ar); 7.54 -
0.8H, NH); 8.76 (br. s, 0.8H, k2): 8.10 - 817 (m, 1H, H-A: 7= Ton sl A - o 0 Le s L e e o, G,
7.84-7.94 (m, 1H, H-A); 7.71- 7.76 (m, 1H, H-A; 7.53- 7.621 30 ¢35 ety pom
(m, 1H, H-Ar); 2.67 (s, 2H, CH; 2.36 (s, 2H, Ch); 1.08 (s, 6H, ~~=> 21" ) PPM.
2CH;) ppm. H NMR (300 MHz, CRCN, 298K):5 = 9.25 (br. s, 1H, K-
. o 2); 8.22 - 8.30 (m, 1H, H-Ar); 7.84 - 7.93 (M, 1H, H-Ar): 7.54 -
HNMR (300 MHz, CECOOH, 296K):5 = 9.70 (s, 1M, W~ 773 11y o1 H-Ar); 4.25 - 4.36 (m, 2H, BGCHs); 2.40 (s, 3H,
2); 8.15 - 824 (m, 1H, H-A); 7.85 - 7.96 (m, 1H, H-Ar); 755 - £ 3 (" 67 Tt Sa 9 el S 2 25
7.72 (m, 2H, H-Ar); 3.00 (s, 2H, GH 2.64 (s, 2H, Ch); 1.15 (s, e ' S '
6H, 2CH,) ppm. 'H NMR (300 MHz, CRCN+CRSOH, 301K): & = 9.40 (s,
" NMR (300 MHz, COCN, 300K):6 = 8.23 (br. s, 1H, |- 1H Hu-2); 8:25 - 8.32 (m, 1H, H-Ar): 7.91-8.01 (m, 1H, H-Ar);
, , 0=9. NN 7.60 - 7.78 (m, 2H, H-Ar); 4.47 (g, 2H, BECHy); 2.65 (s, 3H,
2); 8.25 - 836 (M, 1H, H-A); 7.85 - 7.98 (m, 1H, H-Ar); 7.53 - 510 7)o 1 Tl B S =
7.76 (m, 2H, H-Ar); 2.70 (s, 2H, GH 2.37 (s, 2H, Ch); 1.10 (s, e ' S '
6H, 2CH,) ppm. H NMR (300 MHz, CROD, 300K):3 = 9.61 (s, 1H, i§-2);

' NMR (300 MHz, CRCN+CRSOH, 301K):5 = 9.47 (s, 8.21 - 8.29 (m, 1H, H-Ar); 7.81 - 7.89 (m, 1H, H-Ar); 7.64 - 7.70

1H, Ha-2); 8.26 - 8.33 (M, 1H, H-Ar); 7.92 - 8.03 (m, 1H, H-Ar); gnc’ng,; )H'ZAg)z; (5532,4 'C;)'.Sf3gn(’t ;: CF,;S:);) Sﬁ @ 24,
7.62 - 7.81 (m, 2H, H-Ar); 2.98 (s, 2H, G¥2.56 (s, 2H, CH); =2rEh e PO R BT AL ST = '

1.18 (s, 6H, 2Ck) ppm.
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*C NMR (75.48 MHz, [QIDMSO): 5 = 188.6, 173.7, 158.9, A mixture of aldehydé (2.0 g, 0.011 mol), oximé (1.2 g,
158.0, 155.6, 134.8, 134.7, 128.1, 126.2, 125.3, 125.0, 123.8,011 mol) and benzylamin& (1.2 g, 0.011 mol) in glacial
118.6, 59.9, 15.4, 14.2 ppm. acetic acid (15 mL) was stirred at room temperature for 3 hours
) _ and left to stand for 10 days. The reaction mixture was poured
MS (El): m/z = 314 [M]. into water (100 mL), the precipitate was filtered off, washed with
Anal. CgHuN,Os (314): calcd. C 61.15; H 4.46; N 8.92; water and dried giving 3.6 g of a pale yellow solid. The product
found C 61.18; H 4.54; N 8.76. was sequentially refluxed first in toluene then in acetonitrile

. yielding 2.0 g (53%) of chromatographically pur4 as an off-
IR Vi (film) 3300-3150 (br), 2982, 2700-2400 (br), 1717, |\ hite solid. M.p. 209-21G,

1655, 1616, 1576, 1463, 1314, 1260, 1219, 1180, 1165, 1148,

1101, 1059, 1018, 923, 852, 762, 708, 664, 610, 523. cm 'H NMR (300 MHz, CDCJ, 300K): 5 = 8.69 (s, 1H, K-2);
30 8.18 - 8.28 (m, 1H, H-Ar); 7.63 - 7.75 (m, 1H, H-Ar); 7.38 - 7.53
4.2.5. 4-Ox0-4H-chromene-3-car bal dehyde (5). (M, 2H, H-Ar); 7.13 - 7.25 (m, 3H, H-Ar); 6.80 - 6.90 (m, 2H, H-
Freshly distilled phosphorous-oxychloride (27.5 mL, 46.06 gAr); 5.16 (s, 2H, €&,Ph); 2.26 (s, 3H, C); 2.11 (s, 3H, CH).
0.30 mol) was added dropwise to DMF (60 mL) at 5€1@hd 'H NMR (300 MHz, [Q]DMSO, 303K):5 = 8.69 (s, 1H, k-

gtirring. The mixture was stirred for 15 minutes and then thez); 8.00 - 8.17 (m, 1H, H-Ar); 7.81 - 7.90 (m, 1H, H-Ar): 7.65 -

solution of o-hydroxyacetophenoné&0 (13.60 g, 0.1 mol) in 455 (m, 1H, H-Ar); 7.18 - 7.30 (m, 3H, H-Ar); 7.00 - 7.08 (m
DMF (40 mL) was added dropwise at 0-5°. The reaction mixtur%é_| H-Ar): 5.13 (s, 2H, €,Ph): 2.10 (s, 6H, 2CB. ' ’

was stirred at low temperature for 30 minutes and then heate

and stirred at 50-58° for 4 hours. The mixture was cooled to  ‘H NMR (300 MHz, CECOOH, 300K):3 = 8.40 (s, 1H, k-
room temperature, poured into ice-water (approx. 400 mL) and); 8.17 - 8.36 (m, 1H, H-Ar); 7.87 - 7.98 (m, 1H, H-Ar); 7.57 -
stirred for 1.5 hour. The precipitate was filtered off, washed witv.70 (m, 2H, H-Ar); 7.21 - 7.30 (m, 3H, H-Ar); 6.90 - 7.00 (m,
water and cooled ethanol (100 mL) vyielding 13.8 g (79%) oRH, H-Ar); 5.29 (s, 2H, @,Ph); 2.38 (s, 3H, C§}; 2.26 (s, 3H,
product5 as yellowish solid. M.p. 152-15@°(toluene). Lit. m.p.  CHs) ppm.

152-153C.*° 1 NMR . _
(300 MHz, CRCN, 300K):6 = 8.41 (s, 1H, i-2);
4.2.6. Pentan-2,3,4-trione 3-0xime(D.31 8.10 - 8.18 (m, 1H, H-Ar); 7.76 - 7.84 (m, 1H, H-Ar); 7.48 - 7.62
. , _ (m, 2H, H-Ar); 7.19 - 7.31 (m, 3H, H-Ar); 6.97 - 7.05 (m, 2H, H-
Pe_ntant_a-2,4-d|onm1 (25.0 g, 0.25 mol) was dlssolvgd in 7% Ar); 5.11 (s, 2H, E,Ph); 2.13 (s, 3H, CH: 2.09 (s, 3H, Ch)
sulfuric acid (250 mL) at 15°C. Then a solution of sodium nitrite pm.
(17.3 g, 0.25 mole) in water (75 mL) was added dropwise. Thg
reaction mixture was stirred at room temperature for 2 hours, the 'H NMR (300 MHz, CRCN+CRSO;H, 301K): 8 = 8.82 (s,
product was extracted with ethyl acetate(50 mL x 3), the extradH, Ha-2); 8.32 - 8.39 (m, 1H, H-Ar); 8.12 - 8.21 (m, 1H, H-Ar),
was washed with water and dried over anhydrous sodium sulfaté.77 - 7.96 (m, 2H, H-Ar); 7.26 - 7.38 (m, 3H, H-Ar); 7.08 - 7.17
The solvent was removed under reduced pressure yielding 29.3®, 2H, H-Ar); 5.31 (s, 2H, B,Ph); 2.36 (s, 3H, C§}; 2.22 (s,
(91%) of 7 as a pale yellow oil which crystallizes if left to stand 3H, CHs) ppm.
undisturbed. M.p. 73-7§° Lit. m.p. 75C.*' 7 was used without 'H NMR (300 MHz, CROD, 300K):5 = 8.40 (s, 1H, h-2):

further purification. 8.16 - 8.21 (M, 1H, H-Ar); 7.80 - 7.89 (m, 1H, H-Ar); 7.51 - 7.68

4.2.7. 5,5-Dimethyl-1,2,3-trione 2-oxime (8).% (m, 2H, H-Ar); 7.20 - 7.31 (m, 3H, H-Ar); 7.01 - 7.08 (m, 2H, H-
. . Ar); 5.18 (s, 2H, E,Ph); 2.25 (s, 3H, C}); 2.18 (s, 3H, ChH
5,5-Dimethyl-1,3-cyclohexanedion&2 (50.0 g, 0.357 mol) ppm.

was suspended in a 15% solution of potassium hydroxide (11
mL) and sodium nitrite (24.6 g, 0.357 mol) was added. The "*C NMR (75.48 MHz, [QIDMSO): § = 174.3, 160.9, 155.5,
suspension obtained was diluted with water (20 mL) and coolet36.4, 134.9, 128.6, 128.4, 127.5, 127.3, 126.4, 126.2, 125.6,
to 0°C. Then 15% sulfuric acid (212 mL) was added dropwise at25.3, 123.6, 122.6, 121.9, 118.6, 110.5, 47.9, 8.7, 7.4 ppm.
0-10°C. The mixture was stirred at a low temperature for 30 . _

minutes and then the precipitate was filtered off and dried under MS (EN): miz = 346 [M].
reduced pressure over alkali to yield 58.8 g (97.5%p8 afs Anal. G;H1gN,0O5 -0,5HO (355): calecd. C 71.00; H 5.35; N
yellow solid; m.p. 85-88°C. Lit. m.p. 87°€ .8 was used without 7.89; found C 71.45; H 5.13; N 7.84

further purification. IR Vo (film) 3400-3100 (br), 2959, 2926, 2363, 1643, 1609,
4.2.8. Ethyl 2-(hydroxyimino)-3-butanoate (9). 1576, 1508, 1464, 1379, 1339, 1289, 1221, 1186, 1115, 1096,

A solution of ethyl acetoacetat8 (40 mL, 41.0 g, 0.315 mol) 849, 772, 748, 706, 669, 588 ¢m

in glacial acetic acid (52 mL) was cooled to 5°C and a solution of 4.2.10. Ethyl 5-methyl-2(4-oxo-4H-chromen-3-yl)-1H-
sodium nitrite (32 g, 0.462 mol) in water (70 mL) was addedmidazole -4-carboxylate (16).
dropwise at 5-10°C. The mixture was stirred for 1 hour at 8+2°C A mixture of 1-hydroxyimidazold (15.0 g, 0.0476 mol) and

then a 18% solution of sodium chloride (150 mL) was added and. : .
the mixture was stirred for 20 minutEes more):. Then it Waérlphenylphosphlne (20.0 g, 0.0762 mol) was refluxed with

extracted with chloroform (75 mL x 2), the extract Wasstirring in glacial acetic acid (64 mL) for 4 hours. The reaction

sequentially washed with 18% solution of sodium chloride, 1o%nixture_ was cooled onan ice bath, the prec_ipitate was filtered off
soI?Jtion ofysodium hydrocarbonate, 18% solution of sodiu nd twice refluxed in ether (70 mL) yielding 8.1 g (57%) of

chloride and dried over anhydrous sodium sulfate. The Solver?[hromatographlcally pur6 as a white solid. M.p. 152-154°C.

was removed under reduced pressure to yield 45.0 g (90%) of 'H NMR (200 MHz, CDC}, 293K): 6 = 11.73 (br. s, 0.5H,
as yellow 0il.9 was used without further purification. NH); 11.62 (br. s, 0.5 H, NH); 9.19 (s, 0.5H,+2); 9.09 (s;

- 0.5H, Hy-2); 8.26 - 8.37 (m, 1H, H-Ar); 7.71 - 7.85 (m, 1H, H-
4.2.9. 1-Benzyl-4,5-dimethyl-2-(4-oxo-4H-chromen-3-yl)-1H- ) ' ) !
irmi dazole 3-oxide (14). Ar); 7.45 - 7.62 (m, 2H, H-Ar); 4.30 - 4.50 (m, 2H, B6CH;);



2.64 (s, 1.5H, CH; 2.56 (s, 1.5H, CK; 1.37 - 1.49 (m, 3H, u[mm7 0.106 0.099
OCH,CH3) ppm. F(000) 536 776
¥%C NMR (75.48 MHz, [QIDMSO): & = 174.5, 163.2, 157.2, TIK] 123(2) 273(2)
156.1, 155.5, 145.3, 137.8, 136.3, 134.9, 134.7, 127.4, 126.3yange [sec] 1.96 - 28.99 2.19 - 28.00
126.1, 125.2, 123.3, 118.7, 114.5, 109.5, 60.1, 59.2, 14.4, 14.3, .. .
Liiting indices -27<h<28,-6sk< -9<h<9,-24<k<
11.1 ppm.
5,-16<1<16 24, -18<1<18
MS (EI): m/z = 298 [M]. .
Reflections / collected / 8359/ 3012 [0.1387] 17854/ 4221
Anal. CgH1sN,O, (298): calcd. C 64.43; H 4.70; N 9.40; unique Ru] [0.0356]
found C 64.10; H 4.58; N 9.37
Completeness deg [%] 99.9 99.7
IR Vimax (film) 3358, 2980, 1705, 1643, 1618, 1574, 1466,gfiections with > 1673 2777
1425, 1380, 1341, 1314, 1265, 1248, 1169, 1146, 1107, 1094,
1020, 991, 849, 760, 704, 636 ¢m 20(1)
. . Data / parameters 3012 /172 4221 /249
4.3. X-ray determination )
GOF onF 1.019 1.043
Compound 1. Crystals suitable for X-ray structure analysis R/ WR, [I > 20(1)] 0.0757 /0.1267 0.0488 / 0.1397

were grown from an acetonitrile-benzene solution. A single

crystal of dimensions 0.09 0.03x 0.02 was subjected to X-ray R/ WRe (all data) 0.16#5./0.1459 0.0769/0.1528
measurements on a Bruker SMART-1K diffractometer usingWiax/min residuals 0.262 and -0.255 0.307 and -0.175
graphite monochromatized MgKradiation (0.71073 A) and [e/A]

scan mode at 123K. Data reduction was performed using the

SAINT program® The structure was solved by direct methods

and refined onF* by full-matrix least-squares in anisotropic ~ CCDC-905069 contains the supplementary crystallographic
approximation for non-hydrogen atoms. Hydrogen atoms wergata for compound. CCDC-905068 contains the supplementary
refined using the “riding” model. crystallographic data for compouBdThese data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif

Compound 3. Crystals suitable for X-ray structure analysis
were grown from methanol solution. A single crystal of
dimensions 0.24x 0.22 x 0.22 was subjected to X-ray Supplementary Data
measurements on a Bruker CCD SMART-APEX-II

d 13,
diffractometer using graphite monochromatized Makdiation Copies of théH NMR and*“C NMR spectra of compounds
(0.71073 A) andw scan mode at room temperature. Data® 14 16.
reduction was performed using the SAINT progranThe 5. References

structure was solved by direct methods and refineB°doy full- S

matrix least-squares in anisotropic approximation for non- 1.  G.G.Allan, C.S. Chopra, T. MattilRestic. Sci. 1972, 3(2), 153~
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positions with eq_ual occupations. The re_flner_nent of solvent 4 US 38861801975

molecule was carried out in isotropic approximation.
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Color, habit colourless, block colourless, prism 45,19-31.
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alA] 20.8148(15) 6.862(3) 11. M.R. GrimmettScience of Synthesis 2002, (12), 325-528.
b[A] 4.4300(4) 18.604(8) 12.  B.H. Lipshutz, M.C. MoreyTetrahedron Lett. 1084, 25, 1319.
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Deacg cm® 1.484 1.370
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