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Abstract: A simple and general approach to the synthesis (from commercial precursors) of eight
out of nine possible (benzo[d]imidazol-2-yl)methanols fluorinated on the benzene ring is reported.
Molecular and crystalline structures of most compounds were solved by X-ray diffraction analysis.
This made it possible to reveal the influence of the number and arrangement of fluorine atoms
in the benzene cycle on the formation of intermolecular hydrogen bonds. It was found that the
more fluorine atoms are present in a compound, the higher the dimensionality of the H-bonded
structure is. Moreover, the presence of fluorine atoms in the synthesized compounds leads to
the emergence of C-F ... 7 interactions affecting crystal packing. The synthesized fluorinated
(benzo[d]imidazol-2-yl)methanols may serve as excellent bench compounds for the synthesis of a
systematic series of fluorine-containing derivatives to study structure—property correlations in various
fields of research from medicine to materials science.

Keywords: polyfluorinated 1,2-diaminobenzenes; heterocyclization; fluorinated benzimidazoles;
crystal structure; H-bonding; 1D, 2D, and 3D structures

1. Introduction

Benzimidazoles (1H-benzimidazole, 1H-benzo[d]-imidazole, or 1,3-benzodiazole) occupy an
important place in the realm of medicinal chemistry and materials science [1-4]. In nature, the most
prominent benzimidazole compound is N-ribosyldimethylbenzimidazole, serving as an axial ligand
for cobalt in vitamin By, [5]. Benzimidazole derivatives are structural isosteres of naturally occurring
nucleotides [6], and this property allows them to interact easily with biopolymers of a living system.
This motivates medicinal chemists across the world to synthesize a variety of benzimidazole derivatives
and to screen them for various biological activities. Thorough optimization of benzimidazole-based
structures has resulted in a large series of various marketed drugs. A far-from-complete list of
benzimidazole-based drugs includes antitumor agents (bendamustine and pracinostat), proton pump
inhibitors (pantoprazole, lansoprazole, and omeprazole), antiparasitic (albendazole and mebendazole)
and antibacterial drugs (ridinilazole), and antihistamine (astemizole and bilastine), antiviral
(enviradine, dibazol, and maribavir), and antihypertensive drugs (candesartan, telmisartan, azilsartan,
and mibefradil) [7-13]. In addition, benzimidazole-containing pesticides and fungicides (carbendazim,
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benomyl, and thiabendazole) have low toxicity at low doses and have been widely used to combat
destructive plant pathogens [14-16].

Benzimidazole derivatives are employed as organic catalysts; as ligands for palladium- and
rhodium-catalyzed Heck, Suzuki, and reduction reactions and as chiral inductors in asymmetric
synthesis [17,18]. They are also applied to the design of highly efficient organic light-emitting devices
(OLEDs) [19], water-soluble dyes suitable for electrophotographic deposition [1], and fluorescent
materials for medicine, environmental sciences, and chemical engineering [20]. They can also serve as
inhibitors of corrosion of metals [21], as electrolytes for fuel cells [22], protective coatings for aerospace
applications and fire services [23,24], and as extractants from aqueous media for uranium, thorium,
and palladium [25].

Last but not least, benzimidazole-substituted organic paramagnets are actively used as spin
carriers in the design of molecular magnets. A large body of work describes magnetostructural
studies on benzimidazole-bearing stable nitroxides that are assembled crystallographically by
benzimidazole hydrogen bonding. Here, the hydrogen bonds (H-bonds) play a crucial role by
acting as crystallographic scaffolding and by assembling radical spin moments into lattices for
intermolecular exchanges [26-31]. Benzimidazole-substituted nitronyl nitroxides also hold promise for
designing extended exchange-coupled metal-radical networks as illustrated with one-dimensional
(1D) and 2D manganese(Il) compounds featuring magnetlike behavior with relatively high Curie
temperatures (up to 50 K) in the case of the 2D systems [32-38]. Lanthanide complexes with chelating
benzimidazole-substituted nitronyl nitroxides have proved to behave as single-molecule magnets,
and the radical substituent plays a crucial role in adjusting magnetic relaxation [37,39]. Moreover,
some of the complexes possess luminescence correlating with the sign of the lanthanide-radical
exchange interaction (—4.05 < | < 6.1 K); this phenomenon shows promise for the development of
novel multifunctional materials with magneto-optical properties [36].

This huge range of practical applications of benzimidazole is based on a sufficiently small
number of starting compounds, and these are mainly 2-substituted or 1,2-disubstituted benzimidazole
derivatives. (Benzo[d]imidazol-2-yl)methanols and their derivatives are undoubtedly among the basic
starting precursors from which numerous functionalized benzimidazoles have been synthesized and
then investigated. Practically significant materials prepared from (benzo[d]imidazol-2-yl)methanols
include, for example, Co(Il) cubane complexes behaving as single-molecule magnets with Tg > 2 K
(barriers Ueg/kg 21-27 K and relaxation times 75 = 1.3 X 10~ and 9.7 x 1077 s) [40], a cobalt catalyst for
water electro-oxidation at neutral pH (overpotential 390 mV and a turnover frequency 1.83 s1) [41],
red-emitting fluorophores (quantum yields ~0.96 and near-infrared dyes with absorption maxima
near 950 nm [42], cytotoxic and apoptosis-inducing agents [43], and prominent derivatives with
antimicrobial activity [44]. As one can see, (benzo[d]imidazol-2-yl)methanol itself and its derivatives
are used in a wide variety of fields, and they are still key scaffolds in diverse studies and promising
projects [45-51].

On the one hand, (benzo[d]imidazol-2-yl)methanols have gained so much attention as convenient
and affordable starting compounds for the synthesis of substances with useful properties, and on
the other hand, fluoro-organic derivatives play an exceptional role in the development of new
drugs and the creation of materials with desired qualities [52]. Therefore, we decided to develop
and describe in detail the methods for the synthesis of eight out of nine possible fluorinated
(benzo[d]imidazol-2-yl)methanols (Figure 1a—i). We believe that the availability of different fluorinated
and polyfluorinated (benzo[d]imidazol-2-yl)methanols as well as their precursors (fluorinated
nitroanilines and o-phenylenediamines) will be helpful for researchers in various fields because
it will allow investigators to obtain a comprehensive series of different fluorine-containing derivatives
according to the general schemes.
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Figure 1. Synthesized in this work (black) and still challenging (red) (benzo[d]imidazol-2-yl)methanols
fluorinated on the benzene ring, 1a-1i.

In addition, we showed that according to X-ray diffraction analysis, the number and arrangement
of fluorine atoms in (benzo[d]imidazol-2-yl)methanols sufficiently influence on their crystal packing.
It was found that the more fluorine atoms are present in a compound, the higher the dimensionality of
the H-bonded structure is. Moreover, the presence of fluorine atoms in the synthesized compounds
leads to the emergence of C-F ... m interactions affecting the crystal packing.

2. Results and Discussion

The chemical transformations leading to the target fluorinated and polyfluorinated
(benzo[d]imidazol-2-yl)methanols are shown in Scheme 1. Commercially available fluorinated anilines
2d,e,g and nitrobenzenes 5b,c,i were used as starting substrates. Anilines 2d,e,g were acylated to
obtain corresponding acetanilides 3, which were then nitrated by means of a mixture of HNO; (70%)
with conc. H;SO;4 (1:1) to prepare nitroacetanilides 4d,e,g. Boiling of these nitroacetamides in conc.
HCl led to nitroanilines 6d,e,g with good yields (80-90%). The range of the nitroanilines thus obtained
was expanded via the aminodefluorination reaction of fluorinated nitrobenzenes 5b,c,i with aqueous
ammonia in EtOH. The reaction gave rise to nitro anilines 6b,c,i, which, just as 6d,e,g and commercially
available 6a, were reduced to corresponding o-phenylenediamines 7a—e,g,i by the action of SnCl,
in HCL.

A special synthetic route was employed to prepare trifluoro-o-phenylenediamine 7h; the route
is based on a reduction in corresponding 4,5,7-trifluoro-2,1,3-benzothiadiazole 9, which was
synthesized by transformation of tetrafluoroaniline 8 into corresponding Ar-N=5=NSiMe; with
its subsequent fluoride-induced nucleophilic ortho-cyclization [53]. Finally, the interaction of
fluorinated o-phenylenediamines 7a—e and 7g—i with glycolic acid in hydrochloric acid led to target
benzo[d]imidazol-2-yl)methanols 1a—e,g—i with good yields (70-85%). All fluorinated benzimidazoles
1 as well as their precursors were fully characterized by spectral methods (Experimental section and
Supplementary Materials).

As for difluorobenzimidazole 1f, within the framework of this work, we failed to design a
route for its preparation. The only thing we can say is that this route cannot be based on the use of
known 6-nitro-2,5-difluoroaniline or 1,4-difluoro-2,3-dinitrobenzene because these compounds form
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only in trace amounts during the nitration of 2,5-difluoroacetanilide or 1,4-difluoro-2-nitrobenzene,
respectively [54,55].

‘/NHZ (AcO),0 ‘/NHAC N ‘/NHAC

2d: 3,4-F,; 2e: 2,4-Fy; 3d: 3.4-F,; 3e: 2,4-F5; 4d: 3,4-F,; 4e: 2,4-F5;
29: 2,3,4°F, 39:2,3,4-F; 4g: 2,3,4°F;
HCI
NO, NO, NH, 0. OH
6L NH NH > N
NH,OH 2 snCl 2 HO -
EtOH/H,0 HCI N OH
H
5b: 2,4-F,; 6a: 2-F; 6b: 3-F; 7a: 3-F; 7b: 4-F; 1a: 4-F; 1b: 5-F;
5c:2,3,4-F3; 6¢: 2,3-F,; 6d: 3,4-F5; 7c: 3,4-F5; 7d: 4,5-F; 1c: 4,5-F5; 1d: 5,6-F;
5i:2,3,4,5,6-F5 6e: 2,4-F,; 69:2,34-F;; 7e:3,5-Fy 79: 3,4,5-F5; 1e: 4,6-F,; 19: 4,5,6-F3;
6i: 2,3,4,5-F, 7h: 3,4,6-F3; 7i: 3,4,5,6-F,4 1h: 4,5,7-F5; 1i: 4,56,7-F,
SnCI2
HCI
F 1. BuLi, Me;SiCl F
2. BuLi, Me;Si-N=S=0
F NHz 3 Me;SiCl CsF /N‘s
F MeCN F =N
8 Fo

Scheme 1. Synthesis of fluorinated (benzo[d]imidazol-2-yl)methanols 1a—e and 1g-i.

Well-shaped crystals of compounds 1b—e, 1g, and 1i were obtained upon crystallization from
acetonitrile or a mixture of acetonitrile with toluene. As to compound 1h, upon crystallization from
various mixtures of solvents, it gave strongly supersaturated solutions with subsequent avalanche-like
formation of fine-needle crystals in the form of intergrown hedgehogs.

Molecular and crystal structures of benzimidazoles 1b—e, 1g, and 1i were solved by single-crystal
X-ray diffraction. The X-ray crystallographic analyses revealed that 1b and 1e crystallize in triclinic
P-1 space groups, 1c and 1g both crystallize in the monoclinic C2/c space group, whereas 1d in the
P2;/c space group, and 1i in the tetragonal P4;2;2 space group. ORTEP diagrams of dimer H-bonded
structures drawn with 50% ellipsoid probability and numbering schemes for these compounds are
depicted in Figure 2 below. The diagrams confirm the expected substitution patterns for the synthesized
fluorinated benzimidazole series.

c4 QF

Figure 2. Cont.
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Figure 2. Fragments of crystal structure showing H-bonded dimers of benzimidazoles 1b-e, 1g, and 1i.
H-bonds N1-H ... O9 and O9-H ... N3 are indicated by red dashed lines.
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In the investigated benzimidazoles, aromatic nuclei are perfectly planar, and the bond lengths and
bond angles are very close to or the same as statistical means [56]. Torsion angles between the aromatic
cycle and hydroxymethyl group are in the broad range from 8.12° to 84.45°. These conformation
differences are due to dissimilarities in the binding of the molecules through intermolecular H-bonds
N-H... O,0-H... N,and C-H... F (Table 1).

To visualize how molecules 1b—e, 1g, and 1i are assembled into corresponding crystal structures
through H-bonds and short intermolecular contacts, it is reasonable first to choose low-dimensional
substructures, for example dimers presented in Figure 2, and then to perform their supramolecular
assembly. In 1b, the propagation of dimers {1b ... 1b} via a pair of intermolecular H-bonds N1-H ...
09 generates parallel chains running along the [100] direction (Figure 3a). As illustrated in Figure 3b,
the final structure is formed due to the binding of chains via H-bonds of type C8-H ... F1’ and m—n
interactions giving rise to short intermolecular contacts C7" ... C7’ (3.384 A). Difluorobenzimidazole
1e is isostructural to monofluoro-derivative 1b; in its solid state, dimers {le ... 1e} are linked into
chains via H-bonds of two types: N1-H ... O9 and C8-H ... F2 (Supplementary Materials). The latter
set the orientation of molecules 1e in the chains and prevent the disordering observed in compound 1b.
The final supramolecular assembly of chains, as in 1b, is realized via intermolecular H-bonds C8-H ...
F1’ and 7—t interactions (Supplementary Materials).

In 1¢, 1d, and 1g containing two or three adjacent fluorine atoms on the benzene ring, the binding
of dimeric synthons via N-H ... O and O-H ... N hydrogen bonds causes the formation of layers.
The compounds 1c and 1g are highly isostructural; they both contain a fluorine atom at position 4,
also participating in the crosslinking of molecules into layers (Figure 4a). Then, the layers are combined
similarly through intermolecular Ccy,—H ... F hydrogen bonding and 7—m stacking interactions into
the final structure (Figure 4b and Supplementary Materials). As for compound 1d, in its crystals,
the supramolecular self-organization of layers is implemented through interlayer short contacts
between atoms F2 and C5 (Figure 5).

Figure 3. H-bonded chains in the structure of 1b (a) and the binding of the chains via C-H ... F and
m—7t interactions (b).
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Figure 4. The H-bonded layer in the structure of 1c (a) and assembling of the layers via Ccp,-H ... F
and 7—7 interactions (b).

Figure 5. Assembling of layers via C5 ... F2 interactions in the structure of 1d.
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A further increase in the number of fluorine atoms on the benzene ring gives rise to additional
intermolecular interactions, and the tetrafluoro-derivative prefers to bind into a framework (Figure 6).
Thus, it is noteworthy that the compounds containing one fluorine atom or not containing neighboring
fluorine atoms (1b and 1e) form hydrogen-bonded chains. Compounds 1¢, 1d, and 1g, in which
benzimidazoles bear two or three adjacent fluorine atoms, form a layered polymeric structure in the

solid phase, whereas tetrafluoro-derivative 1i upon crystallization yields a framework.

Figure 6. Fragments of the hydrogen-bonded framework in the crystal of compound 1i.

Table 1. Geometric parameters of H-bonds for 1b—e, 1g, and 1i.

Compound H-Bond D-H, A H...A A D...AA D-H... A°

N1-H... 09 0.87(3) 1.91(3) 2.766(3) 170(2)

1b 09-H... N3 0.82(4) 1.90(4) 2.717(3) 172(3)
C8-H... F1’ 0.97 2.43 3.238(6) 141

N1-H... 09 0.88(2) 2.03(2) 2.849(2) 155(2)

1c 09-H... N3 0.88(2) 1.90(2) 2.762(2) 165(2)
C7-H ... F1 0.93 2.53 3.439(2) 166

d N1-H... 09 0.89(2) 1.86(2) 2.752(2) 175(2)

09-H... N3 0.92(4) 1.80(2) 2.705(2) 172(2)

N1-H... 09 0.91(3) 1.91(3) 2.801(3) 166(2)

L 09-H... N3 0.83(4) 1.95(4) 2.768(3) 168(4)
€ C7-H...Fl 0.93 2.42 3.242(4) 148
C8-H... F2 0.97 2.54 3.477(4) 162

N1-H... 09 0.87(2) 2.04(2) 2.828(2) 150(2)

1g 09-H... N3 0.81(2) 1.99(2) 2.781(2) 165(2)
C8-H... F3 0.97 2.44 3.241(2) 139

N1-H... 09 0.85(3) 1.92(3) 2.753(3) 165(2)

1i O9-H... N3 0.85(3) 1.89(3) 2.728(2) 172(4)
C8-H... F1 0.97 2.54 3.180(3) 124

In addition to the preceding discussion of how fluorinated (benzo[d]imidazol-2-yl)methanols are
bound through H-bonds, their forced mutual orientation is also of interest. Benzimidazole moieties
of neighboring molecules are arranged into slipped-parallel stacks with head-to-tail or head-to-head
orientations. The distances between planes of aromatic rings are in the range 3.25 to 3.60 A, and the
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intercentroid distances (Cg ... Cg) are 3.44 to 3.98 A; both are characteristic of t-stacking interactions
(Figure 7a). In addition to the 7— interactions, nonvalent contacts between the F atoms and 7-systems
of neighboring molecules (C-F ... minteractions, Figure 7b) are present in all the compounds except
for 1d in which H ... m interactions take place. Atom-to-plane distances F... Cgand H... Cg are
3.25-3.89 and 2.70-2.97 A, respectively. The energy of these interactions is an order of magnitude or
more inferior to the energy of classic H-bonds [57,58]; however, the finding that they take place suggests
that they also affect the packing of the fluorinated (benzo[d]imidazol-2-yl)methanols. This observation
is worth noting because it indicates that interactions of the C-F ... 7 type are capable of exerting some
influence even on such structures rigidly cross-linked by H-bonds.

1
a P ’
3.361A I Ty —g
i i P, — r\—.
~— 3.64!A
O % |
t S | gFs
i 74 \ F2d -_\«\- "\'
\ 5574 i
— I~ Lo S
SNt T i J8:25A
336lA %'J\r‘ﬁé\

Figure 7. Fragments of crystal structures of 1e (a) and 1g (b) exemplifying 7—m stacking and C-F ... 7
interactions, respectively.

3. Conclusions

In organic chemistry and interdisciplinary research, the identification of correlations between the
structure and properties of compounds is of great importance. Given that fluoro-organic derivatives
play an important role in the development of new drugs and in the creation of materials with unique
properties, basic fluorinated derivatives including heterocyclic compounds are in high demand.
The fluorinated (benzo[d]imidazol-2-yl)methanols and their key precursors described in this paper
can serve as compounds at the bench that will help to obtain a wide variety of products in the fields
of medicinal chemistry and materials science. In particular, in our further studies, the synthesized
compounds will be utilized for the preparation of benzimidazolyl-substituted nitronyl nitroxide radicals
and magnetically active 2D complexes of Mn(II) with these radicals. We hope that a comparative
study of magnetic properties of these manganese—nitroxide complexes will enable us to find a way to
increase the temperature of transition of the complexes into a magnetically ordered state and will be
valuable for further research on the cooperative valence tautomerism phenomenon [32,33,59].

In addition to the synthetic potential of the obtained series of fluorinated (benzo[d]imidazol-
2-yl)methanols, interesting results were obtained in their X-ray structural analysis. It turned out that
weak H-bonds C-H ... F can actively intervene into the interaction of such strong donors and acceptors
of H-bonds as the imidazole moiety and hydroxyl group, thus radically changing the nature of the
binding of molecules and causing an increase in the resulting structures” dimensionality. Moreover,
the presence of fluorine atoms in the synthesized compounds leads to the emergence of other competing
and concerted weak intermolecular interactions, like C-F ... 71 [58,60,61], which to some extent affect
the crystal packing too. It is obvious that such interactions can also exist in crystals of derivatives of
the synthesized benzimidazoles and thereby affect their properties. Furthermore, it is expected that
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such derivatives carrying different fluorinated benzimidazole moieties will interact differently with
biological molecules and biological targets.

4. Experimental Section

4.1. General Methods

All solvents were purified by standard procedures. Chemicals were obtained from commercial
sources (Merck KGaA, Darmstadt, Germany) and were used without further purification. 1H,13C, and 9F
NMR spectra were recorded on Bruker spectrometers (Bruker Corporation, Billerica, Massachusetts,
USA) Avance-300 (300.13, 282.37, and 75.47 MHz for 'H, °F, and 3C, respectively), Avance-400
(400.13 and 100.61 MHz for 'H and '*C, respectively), DRX-500 and Avance III 500 (500.13 MHz
for 'H and 125.76 MHz for 13C), and Avance-600 (151 MHz for 13C). Deuterochloroform (CDCls),
acetone-dg, and dimethylsulfoxide-dg served as solvents, with residual CHCl3 (6y = 7.26) or CDCl3
(6c = 77.16 ppm), residual acetone (g =2.05 ppm) or acetone-dg (0c =29.8 and 206.3 ppm), and residual
dimethylsulfoxide (6 = 2.50 ppm) or dimethylsulfoxide-dg (6¢c = 39.5 ppm) being internal standards.
For 19F spectra, C¢Fg (5 1°F = —162.9 ppm with respect to CFCl3) was used as an external reference.
13C NMR spectra were registered with C-H spin decoupling. Masses of molecular ions were determined
by high-resolution mass spectrometry (HRMS) on a DFS Thermo Scientific instrument at an ionization
energy of 70 eV (Thermo Fisher Scientific, Waltham, MA, USA) and by means of Agilent 7200 Accurate
Mass Q-TOF GC/MS at an ionization energy of 70 eV (Agilent, Santa Clara, CA, USA). Melting points
were registered on a Mettler-Toledo FP900 Thermosystem apparatus (Mettler-Toledo, Greifensee,
Switzerland). IR spectra were recorded on a Bruker Vector-22 spectrometer for samples pelleted with
KBr (0.25%). UV/Vis spectra were acquired by means of a Cary 5000 instrument (Agilent).

4.2. Interaction of o-Phenylenediamines with Glycolic Acid: The General Procedure

Each o-phenylenediamine 7a—e or 7g—i (10.0 mmol) was added to an aqueous 4N HCl solution
(20 mL) containing glycolic acid (10.0 mmol). Then, the reaction mixture was refluxed for 8 h, cooled to
0 °C, and alkalized with a ~40% NaOH aqueous solution up to pH = 8. The precipitate was filtered off
and washed with ice-cold water to obtain corresponding (benzo[d]imidazol-2-yl)methanols 1a—e and
1g-i [62].

4.2.1. (4-Fluorobenzo|[d]imidazol-2-yl)methanol (1a)

Light brown solid; yield 0.23 g (83%), m.p.: 185-186 °C (decomp). IR (KBr), v/em~1: 507, 580,
590, 640, 659, 705, 782, 833, 977, 1012, 1052, 1066, 1099, 1141, 1187, 1220, 1267, 1305, 1367, 1421, 1442,
1531, 1552, 1621, 1660, 27442, 2811, 2850, 3099, 3166. UV (EtOH), Amax/nm (Ig €): 204 (4.10), 243 (3.30).
I'H NMR (300 MHz, DMSO-dy), J/Hz: 6 = 4.68 (s, 2 H, H??),6.91 (ddd, ] =11.1,] =8.0,] = 0.6, 1 H,
H%),7.10 (dt, ] =4.9,2] =8.0,1 H, H®),7.29 (d, ] = 7.9, 1 H, H’).1F NMR (282 MHz, DMSO-dg, C¢F),
J/Hz: 6 =35.08 (dd, ] = 11.1, ] = 4.9, 1 F, F*). 13C NMR (126 MHz, DMSO-dg), J/Hz: 6 = 57.60 (s, C%),
106.4 (d, ] = 17.3,C5),108.9 (s, C7),121.9 (d, ] = 7.1, C®), 130.1 (d, ] = 16.1, C3?), 139.1 (s, C72), 152.3 (d,
J =248, C*), 156.2 (s, C2). HRMS (ESI-TOF) calcd. for CgH;FN,O [M]*: 166.0537, found: 166.0536.

4.2.2. (5-Fluorobenzo[d]imidazol-2-yl)methanol (1b)

Cream solid; yield 1.42 g (86%); m.p.: 182-183 °C [44]. IR (KBr), v/em™L: 806, 829, 858, 954, 1041,
1108, 1139, 1214, 1249, 1307, 1349, 1446, 1490, 1545, 1600, 1633, 2640, 2789, 2933, 3052, 3115. UV (EtOH),
Amax/nm (Ig €): 203 (5.46), 244 (4.79), 279 (4.86), 284 (4.81). 'H NMR (300 MHz, DMSO-dg), J/Hz:
5 =4.66(s,2 H,H?),6.97 (ddd, 1 H, [y = 2.4, ] =8.7, Jur = 9.6, H®), 7.25 (dd, 1 H, Jur = 24, Jir = 9.6,
H*),7.46 (dd, 1 H, Jgy = 5.0, Jur = 8.7, H’). ’F NMR (282 MHz, DMSO-dg), J/Hz: 6 = 42.84 (br. s, 1 F,
F°). 13C NMR (126 MHz, DMSO-dg), J/Hz: 6 = 57.6 (s, C??), 100.9 (s, C*), 109.2 (d, ] = 25.3, C®), 115.3
(s, C7), 135.0 (s, C72), 139.1 (s, C3?), 156.7 (s, C?), 158.2 (d, ] = 233.7, C°). HRMS (ESI-TOF) calcd. for
CgH7FN,O [M]*: 166.0537, found: 166.0537.
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4.2.3. (4,5-Difluorobenzo[d]imidazol-2-yl)methanol (1c)

Cream solid; yield 1.58 g, (62%), m.p.: 215.9 °C (decomp). IR (KBr), v/cm_lz 756,789, 1018, 1058,
1078, 1151, 1230, 1269, 1319, 1429, 1462, 1513, 1544, 1610, 2829, 3143. UV (EtOH), Apax/nm (Ig ¢):
202 (5.05), 244 (4.28), 273 (4.08). '"H NMR (300 MHz, DMSO-dy), J/Hz: 6 = 4.68 (br. s, 2 H, H®?), 7.16
(m, 1 H, H%), 7.25 (m, 1 H, H’). °F NMR (282 MHz, DMSO-d), J/Hz: 6 = 6.98 (dd, 1 F, Jr = 21.6,
Jur = 7.1, F4),12.34 (br. dd, 1 F, Jgr = 21.6, Jr = 11, F°). 13C NMR (126 MHz, DMSO-dg), J/Hz: 6 = 57.5
(s, C22),108.0 (s, C7), 110.6 (d, ] = 21.2, C®), 131.2 (s, C7?), 134.4 (s, C3?), 143.7 (dd, ] = 250.4, ] = 15.5, C%),
146.0 (dd, ] = 233.1, ] = 10.0, C?), 157.8 (s, C%). HRMS (ESI-TOF) calcd. for CsHgFoN,O [M]*: 184.0443,
found: 184.0442.

4.2.4. (5,6-Difluorobenzo[d]imidazol-2-yl)methanol (1d)

Cream solid; yield 1.44 g (78%); m.p.: 197-199 °C (lit. mp: 198-201 °C [49]). IR (KBr), v/em™1: 856,
887,1039, 1134, 1214, 1284, 1348, 1444, 1475, 1542, 1606, 1641, 2806, 3045, 3101. UV (EtOH), Amax/nm
(Ig ¢): 202 (5.27), 243 (4.70), 278 (4.85), 283 (4.86). 'H NMR (300 MHz, acetone-dg), J/Hz: 6 = 4.84 (s,
2H,H?>),7.42(d,1H,] =9.0,H*°"7), 745 (d,1H, ] = 9.0, H*°*7). 19F NMR (282 MHz, acetone-dg),
J/Hz: 6=18.12(d, ] =9.0,1F F°°r¢),18.14 (d, ] = 9.0, 1 F, F°°r %), 13C NMR (126 MHz, acetone-ds),
J/Hz: 6 = 58.9 (s, C%), 103.3 (m, C*7) 135.1 (s, C372),148.1 (dd, ] = 239, | = 17, C>%), 158.0 (s, C?).
HRMS (ESI-TOF), m/z [M + H]* caled for CgHgF,N,O: 185.0521; found: 185.0522.

4.2.5. (4,6-Difluorobenzo[d]imidazol-2-yl)methanol (1e)

Dark solid; yield 1.14 g (62%); m.p.: 192-193 °C. IR (KBr), v/cm™': 835, 862, 982, 1010, 1041, 1085,
1120, 1216, 1249, 1361, 1429, 1444, 1506, 1545, 1606, 1645, 2827, 3120. UV (EtOH), Amax/nm (Ig ¢): 206
(5.32), 242 (4.72), 267 (4.62), 271 (4.62), 275 (4.63). 'H NMR (300 MHz, DMSO-dg), J/Hz: & = 4.83 (s,
2 H,H%),7.27 (td, 1 H, Jgp = 10.6, Jug = 2.2, H), 7.34 (dd, 1 H, Jur = 8.4, Juu = 2.2, H’). 1F NMR
(282 MHz, DMSO-dg), J/Hz: & = 39.90 (dd 1 F, Jrgy = 10.6, Jrr = 3.5, F%), 49.69 (br. s, 1 F, F®). 13C NMR
(126 MHz, DMSO-dg), J/Hz: & = 56.1 (s, C*),96.4 (dd, ] = 27.3, ] = 4.6, C7),99.3 (dd, ] = 29.8, ] = 21.3,
%), 121.5(d, ] = 16.5, C3?), 135.3 (dd, ] = 15.6, ] = 9.0, C7?), 149.8 (dd, ] = 251.0, ] = 15.2, C%), 156.7
(d, ] =12,C?),158.5 (dd, ] = 240.0, ] = 10.8, C®). HRMS (ESI-TOF), m/z [M]* calcd for CsHF,N,O:
184.0443; found: 184.0441.

4.2.6. (4,5,6-Trifluorobenzo[d]imidazol-2-yl)methanol (1g)

Cream solid; yield 1.58 g (78%); m.p.: 198-201 °C. IR (KBr), v/cm~!: 823, 852,962, 1033, 1048, 1081,
1120, 1234, 1253, 1365, 1433, 1448, 1516, 1535, 1616, 1643, 2836, 3153. UV (EtOH), Amax/nm (Ig ¢): 211
(4.96), 238 (4.61), 273 (4.73), 278 (4.54), 283 (4.33). 'H NMR (300 MHz, DMSO-dy), J/Hz: & = 4.67 (s,
2 H, H?),7.35(ddd, 1 H, Jgr = 10.2, Jgr = 6.3, Jur = 1.7, H’), 8.2 (br. s, 1H, NH). 1°F NMR (282 MHz,
DMSO-dg,), J/Hz: 6 = —6.94 (br. td, 1 E, 2Jpp = 21, Jur = 6.5, F°), 12.60 (br. d, 1 F, Jgr = 21, F*), 21.34 (dd,
1E ] =21,]=10.2, F%). I3C NMR (126 MHz, DMSO-dy), J/Hz: 6 = 57.6 (s, C*),96.1 (dd, ] = 22.0, ] = 3.0,
C7), 1269 (d, ] = 11.3, C3?),131.6 (dd, ] = 13.0, ] = 9.7, C”?), 134.2 (ddd, ] = 237.0, ] = 17.8, ] = 13.2,
C%),139.2 (ddd, ] = 252.0, ] = 12.0, ] = 4.9, C®), 145.6 (dd, ] = 238.0, ] = 12.0, C?), 158.3 (s, C?). HRMS
(ESI-TOF) calcd. for CgHsF3N,O [M]*: 202.1335, found: 202.1334.

4.2.7. (4,5,7-Trifluorobenzo[d]imidazol-2-yl)methanol (1h)

Cream solid; yield 0.48 g (96%); m.p.: 196-197 °C (decomp). IR (KBr), v/em™L: 507, 580, 590, 640,
659, 705, 782, 833, 977, 1012, 1052, 1066, 1099, 1141, 1187, 1220, 1267, 1305, 1367, 1421, 1442, 1531, 1552,
1621, 1660, 27442, 2811, 2850, 3099, 3166. UV (EtOH), Amax/nm (Ig €): 204 (5.12), 243 (4.13). 'H NMR
(300 MHz, DMSO-dg), J/Hz: 6 = 4.69 (s, 2 H, H??), 5.81 (br. s, OH), 7.25 (ddd, 1 H, Jyr = 12, Jyr = 10,
Jur = 5.7, H®). 1F NMR (282 MHz, DMSO-dg, C¢Fy), J/Hz: 6 = 5.38 (br. dt, 1 F, 2Jpr = ~20, [ry = ~4.3,
F%),18.45 (br. s, 1 F, F°). 33.49 (br. dd, 1 F, Jgr = ~20.0, Jry = ~10, F/).13C NMR (126 MHz, DMSO-dg),
J/Hz: 6 = 57.4 (s, C??),97.9 (t, 2] = 24.5, C%), 125.2 (br. s, C72), 129.9 (br. s, C3?),135.3 (br. d, ] = 244, C*%),
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143.8 (dt, ] = 236.2, 2] = 11.6, C°), 145.1 (br. d, | = 264 C7), 157.8 (s, C%). HRMS (ESI-TOF) calcd. for
CgHsF3N,0 [M]*: 202,1334, found: 202.1334.

4.2.8. (4,5,6,7-Tetrafluorobenzo[d]imidazol-2-yl)methanol (1i)

Cream solid; yield 2.11 g (96%); m.p.: 186-187 °C. 777, 785, 1023, 1064, 1078, 1152, 1247, 1264,
1338, 1414, 1465, 1544, 1556, 1623, 2837, 3167. UV (EtOH), Amax/nm (Ig €): 205 (5.12), 234 (4.63), 274
(3.88). 311 (3.45). 'H NMR (300 MHz, DMSO-dg), J/Hz: 6 = 4.67 (s, 2 H, H®), 5.99 (br. s, 2 H, HNHOH),
F NMR (282 MHz, DMSO-dg), J/Hz: 6 = —6.68 (m, 2 F, F>®), 5.65 (m, 2 F, F*7). 13C NMR (126 MHz,
DMSO-dg), J/Hz: 6 = 57.7 (s, C??),125.2 (d, ] = 8.6, C32°r72) 1253 (d, ] = 9.3, C32°r72) 134.4-134.2 (m,
C5 %), 136.5-136.2 (m, C*7), 159.5 (s, C2). HRMS (ESI-TOF) calcd. for CsH4F4N,O [M]*: 220.1239,
found: 220.1239.

4.3. Single-Crystal X-ray Diffraction Analyses

These analyses of 1b-1e, 1g, and 1i were performed on a Bruker Kappa Apex II CCD diffractometer
using @,w-scans of narrow (0.5°) frames with Mo K« radiation (A = 0.71073 A) and a graphite
monochromator. The structures were solved by direct methods in the SHELX-97 software [63] and
were refined by the full-matrix least-squares method against all F2 in anisotropic approximation using
SHELXL-2014/7 [64]. Absorption corrections were applied via the empirical multiscan method by
means of the SADABS software [65]. The hydrogen atoms’ positions, except for H atoms in NH and
OH groups, were calculated with the riding model. Nitrogen-bound and oxygen-bound H atoms
were located on a difference Fourier map and refined freely. The resultant crystal structures were
analyzed for short contacts between nonbonded atoms using PLATON [66,67] and MERCURY [68].
General crystallographic data for these compounds are summarized in Table 2.

CCDC 2016713-2016718 contain the supplementary crystallographic data for benzimidazoles
1b-e, 1g, and 1i, respectively. These data can be obtained free of charge via http://www.ccdc.cam.ac.
uk/cgi-bin/catreq.cgi or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; Fax: (+44)-1223-336-033 or by e-mail: deposit@ccdc.cam.ac.uk.

Table 2. X-ray diffraction data for compounds 1b—e, 1g, and 1i.

Compound 1b 1c 1d
Empirical formula C8H7F1N20 CgHéFzNzo CgHéFzNzo
Formula weight 166.16 184.15 184.15
Temperature, K 296(2) 296(2) 296(2)
Wavelength, A 0.71073 0.71073 0.71073
Crystal system Triclinic Monoclinic Monoclinic
Space group P-1 C2/c P2;/c
Unit cell dimensions a, A 7.139(2)0 12.5909(4) 9.7021(7)
b, A 7.321(2) 8.4163(4) 12.0410(8)
o A 8.362(2) 14.3912(5) 7.3374(5)
a,® 103.15(1) 90 90
B,° 106.17(1) 95.608(2) 109.122(3)
y,° 102.63(1) 90 90
Volume, A3 389.7(2) 1517.7(1) 809.9(1)
Z 2 8 4
Density (caled.), Mg-m™3 1416 1.612 1.510
Abs. coefficient, mm™! 0.113 0.143 0.134
F(000) 172 752 376
Crystal size, mm3 0.03 x 0.20 x 0.70 0.40 x 0.50 x 0.60 0.02 x 0.70 x 0.70
© range for data collection, ° 2.7-27.7 2.8-29.5 2.2-30.0
Index ranges -9<h<9,-9<k<9, -15<h<17,-10<k <11, -13<h<3,-16 <k <16,
-10<1<10 -18<1<18 -10<1<10
Reflections collected 6241 9855 9703
Independent reflections 1790 R(int) = 0.028 1831 R(int) = 0.057 2143 R(int) = 0.038
Completeness to 6, % 99.3 99.3 99.9 (6 <25°)
Data/restraints/parameters 1790/0/125 1831/0/124 2143/0/124
Goodness-of-fit on F? 1.02 1.02 1.02

Final R indices I > 20(I)
Final R indices (all data)
Largest diff. peak/hole, e-A=3
CCDC

Ry = 0.0519, wR, = 0.1448
Ry = 0.0672, wR, = 0.1564
0.20/-0.15
2016713

Ry =0.0442, wR, = 0.1167
R; =0.0514, wR, = 0.1245
0.22/-0.22
2016714

Ry = 0.0423, wR, = 0.1037
Ry = 0.0583, wR; = 0.1162
0.19/-0.21
2016715
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Table 2. Cont.

Compound le 1g 1i
Empirical formula CgH¢FoN,O CgH5F3;N,0 CgH4F4N,O
Formula weight 184.15 202.14 220.13
Temperature, K 296(2) 296(2) 296(2)
Wavelength, A 0.71073 0.71073 0.71073
Crystal system Triclinic Monoclinic Tetragonal
Space group P-1 C2/c P4,2,2
Unit cell dimensions a, A 7.2007(8) 12.6623(8) 10.8539(3)
b A 7.2524(7) 8.3996(8) 10.8539(3)
¢, A 8.7419(8) 14.770(1) 14.3674(4)
a,® 107.112(3) 90 90
B,° 108.156(3) 92.769(4) 90
7, ° 104.107(3) 90 90
Volume, A3 385.27(7) 1569.0(2) 1692.6(1)
Z 2 8 8
Density (calcd.), Mg-m’3 1.587 1.711 1.728
Abs. coefficient, mm™! 0.140 0.164 0.176
F(000) 188 816 880
Crystal size, mm? 0.08 x 0.15 x 0.25 0.08 x 0.12 x 0.30 0.15 x 0.50 x 0.80
© range for data collection, ° 2.8-27.5 2.8-27.6 2.4-29.5
Index ranges -9<h<9,-9<k<9, -16<h<16,-10<k <10, -14<h<14,-14<k<15,
-11<1<10 -19<1<19 -19<1<17
Reflections collected 6116 15,950 27,896
Independent reflections 1748 R(int) = 0.028 1804 R(int) = 0.045 2178 R(int) = 0.039
Completeness to 6, % 99.7 (6 < 25°) 99.8 100.0 (6 < 25°)
Data/restraints/parameters 1748/0/124 1804/0/133 2178/0/142
Goodness-of-fit on F? 1.04 1.00 1.04
Final R indices I > 25(I) R; =0.0520, wR; = 0.1406 R; =0.0359, wR; = 0.0872 R; =0.0347, wR; = 0.0835
Final R indices (all data) Ry =0.0849, wR, = 0.1656 Ry =0.0458, wR, = 0.0948 Ry =0.0462, wR, = 0.0932
Largest diff. peak/hole, A3 0.47, -0.26 0.28, -0.15 0.14, -0.19
CCDC 2016716 2016717 2016718

Supplementary Materials: The following is available online at http://www.mdpi.com/2073-4352/10/9/786/s1.
The list of prepared acetanilides 3; nitroacetanilides 4, nitroanilines 5 and 6, and o-phenylenediamines 7; NMR
spectra; fragments of crystal structures of 1b, 1c, 1d, 1e, 1g, and 1i.
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