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Abstract—Dibenzimidazo crown ethers were synthesized by alkylation of a,®-bis(benzimidazol-2-yl)alkanes
and 1,2-bis(benzimidazol-2-ylsulfanyl)ethane with tri- and tetraethylene glycol bis(4-toluenesulfonates). The
structure of 6,7,9,10,12,13,21,22-octahydro[1,14,6,9,4,11]dioxadithiadiazacyclohexadecino[4,5-a:11,10-a']di-

benzimidazole was studied by X-ray analysis.
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Demands in new multidentate ligands with
specified properties determine persistent attention to
the development of methods of preparation and studies
on the structure of macroheterocycles with variable
size of the ring and nature and number of donor
centers, as well as of those possessing exocyclic
coordination centers. In this connection, crown ethers
containing a benzimidazole heteroring attract some
interest. With a view to synthesize such macrocyclic
compounds we used as starting materials a series of
a,0-bis(benzimidazol-2-yl)alkanes and 1,2-bis(benz-
imidazol-2-ylsulfanyl)ethane; their analogs are known
as efficient ligands for coordination to copper(II) ions [1].

The corresponding 15-, 16-, and 18-membered di-
benzimidazo crown ethers Ia—Ic having two or three
oxygen atoms in the macroring were synthesized by
alkylation of bis(benzimidazol-2-yl)alkanes Ila and
IIb with tri- and tetraethylene glycol bis(4-toluene-
sulfonates) in dimethylformamide (DMF) in the
presence of potassium hydroxide under argon (Scheme 1).
The yields of compounds Ia—Ic were 44—67%. Initial
1,2-bis(1H-benzimidazol-2-ylsulfanyl)ethane (IV) was
prepared by alkylation of 2,3-dihydro-1H-benz-
imidazole-2-thione (III) with 1,2-dichloroethane in
aqueous sodium hydroxide (Scheme 2).
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By heating compound IV with triethylene glycol Table 2. Bond angles in the molecule of 6,7,9,10,12,13,21,22-
bis(4-toluenesulfonate) and sodium hydride in boiling ~ octahydro[1,14.6,9.4,11]dioxadithiadiazacyclohexadecino-
DMF we succeeded in obtaining 16-membered [45-a:11,10-a'ldibenzimidazole (V)

dibenzimidazo dithia crown V which was isolated

. ) Angle ®, deg Angle ®, deg

from the reaction mixture by column chromatography s .
in 11% yield (Scheme 3). cis'c 998(3) N°C’S 123.8(2)
Cc’s*ct 100.2(3) N!(C’s? 122.7(2)

%\ifall 98q2
Table 1. Bond lengths d in the molecule of 6,7,9,10,12,13,21,22- CNC 106.5(2) ces 112.003)
-octahydro[1,1 4,.6,9,4,.1 lJdioxadithiadiazacyclohexadecino— C'N'c2 128.4(2) c8cos! 113.2(2)
[4,5-a:11,10-a']dibenzimidazole (V) CIN'C2 125.1(2) NN 113.52)
Bond d, A Bond d, A C'N*C* 104.0(2) N’C's! 124.6(2)
slc!0 1.755(2) o-c* 1.413(3) C''NAc! 104.5(2) N*C!os! 121.8(2)
st-¢? 1.822(2) cl—c® 1.392(4) C''N*C' 1063(3) ciclice 120.6(2)
s>’ 1.760(2) cl-¢? 1.400(4) C''N*c" 128.1(2) c’c'N? 129.9(2)
S8 1.815(3) c-C? 1.383(5) CN*CY 125.4(2) C'*clN? 109.5(2)
N'-C’ 1.368(3) c-¢t 1.393(6) ct®o'c” 113.7(2) chehe!t 117.7(3)
N'-C! 1.373(3) c-c? 1.372(5) c?o*c?! 110.8(2) clxch et 121.5(3)
N_C? 1.458(3) ¢t 1.405(4) N'c!c? 105.4(2) chetet 121.8(3)
N-C’ 1.316(3) -’ 1.494(3) N'c'c? 132.1(3) ctehe's 116.4(3)
N>-C® 1.387(4) cl-c” 1.384(3) ctcic? 122.5(3) N*ctec! 106.2(2)
N°—C!¢ 1.312(3) cl_c!'s 1.388(3) ccic! 116.1(4) N*cléc? 131.8(2)
N-c" 1.399(3) clzch 1.375(4) cxcct 121.8(3) clictec?s 122.02)
N 1.363(3) ch-cH 1.388(4) ccqe? 122.1(3) Nl 111.92)
N*_C!'¢ 1.375(3) ctch 1.377(4) cteiet 117.4(4) o'chc?” 113.5(2)
N*-C" 1.460(3) chC's 1.398(3) N*cSc! 110.6(2) o'cc® 109.7(2)
o'-c™® 1.416(3) cl-c® 1.514(4) N*CoC? 129.3(3) o’cc? 111.3(2)
o'-c” 1.417(3) ch—c® 1.494(4) c'ctc? 120.1(3) o’c?'c® 109.5(3)
0*c* 1.408(3) crc® 1.500(4) N2C'N! 113.5(2) N'c*2c? 113.3(2)
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Structure of the molecule of 6,7,9,10,12,13,21,22-octahydro[1,14,6,9,4,11]dioxadithiadiazacyclohexadecino[4,5-a:11,10-a']dibenz-

imidazole (V) according to the X-ray diffraction data.

The newly synthesized compounds were identified
by elemental analysis, mass spectrometry, and 'H
NMR, and the structure of compound V was
determined by X-ray analysis (Tables 1, 2; see figure).
The macrocyclic fragment of molecule V has a chair-
like conformation. Its central part consisting of the C',
¥, 0%, C*, €, 8% C% C’°, and S' atoms is almost
planar; deviations of these atoms from the mean-
square plane do not exceed 0.08 A. The C', N*, C"/,
C'®, and O' atoms deviate from the same plane by —1.54,
-2.09, —1.47,-1.92, and —1.52 A, respectively, and the
N' and C’ atoms, by 1.25 and 1.28 A. The ether
fragment adopts synclinal (sc—sc—sc) conformation
with the torsion angles N*C'C'0' -64.2(3)°,
0'Cc’c*0* —73.4(3)°, and O’C*C®N' —64.3(3)°,
whereas the thioether fragment is characterized by
antiperiplanar (ap) conformation with the torsion
angle S°C*C’S' 179.2(3)°. Such conformation of X—C—
C—X fragment (X = N, O, S) is not typical of crown
ethers which usually display alternating +sc and —sc
structures of the dioxyethylene fragments O—C—-C-O
[2]. The SCH,CH,S moiety is characterized by an
appreciable steric strain, which follows from the
presence of shortened intramolecular contacts
S'---H'7 2.75 A (sum of the van der Waals radii 3.00
A [3]), S*--H** 2.87, S*---H’® 2.88, §*---H** 2.75,
and H'™---H'® 2.14 A (2.32 A).

Molecules V in crystal give rise to stacks along the
[010] crystallographic axis, where the neighboring
molecules ware linked through weak hydrogen bond
C?>-H?---C'(n) (x, 1 +y, z, H--C 2.85 A, ZCHC
132°). In addition, shortened intermolecular contacts
S'---8%3.583 A (3.68 A) (x, 1 + y, z) were observed
between the same molecules.

EXPERIMENTAL

Initial a,m-bis(1H-benzimidazol-2-yl)alkanes Ila
and IIb were synthesized according to the procedures
described in [4], 2,3-dihydro-1H-benzimidazole-2-
thione (IIT) was prepared as reported in [5], and tri-
and tetraethylene glycol bis(p-toluenesulfonates) were
obtained according to a procedure analogous to [6].
The solvents used in this work were purified by
standard procedures [7]. Dithio crown V was isolated
by column chromatography on neutral aluminum oxide
(50-200 pm, Merck).

The mass spectra (electron impact, 70 eV) were
recorded on an MKh-1321 mass spectrometer with
direct sample admission into the ion source heated to
220°C. The 'H NMR spectra were measured on a
Varian WXP-300 instrument at 299.95 MHz using
DMSO-ds as solvent and tetramethylsilane as internal
reference.

Single crystals of compound V suitable for X-ray
analysis were obtained by crystallization from ethanol.
Monoclinic crystal system; CyHpN4O,S;; unit cell
parameters (21°C): a = 12.892(3), b = 4.951(2), ¢ =
16.530 A; B = 93.258(4)°; ¥ = 1053.4(5) A%; My
440.57; Z = 2; space group Pc; d.u. = 1.389 g/cm3; u
(MoK,) = 0.280 mm'; F(000) 464. The unit cell
parameters and intensities of 8277 reflections (4765
independent reflections with R;; = 0.033) were
measured on an Xcalibur-3 diffractometer (MoK,
irradiation, CCD detector, graphite monochromator, -
scanning, 20,,,x = 60°). The structure was solved by the
direct method using SHELXTL software package [8].
The positions of hydrogen atoms were determined by
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difference synthesis of electron density and were
refined according to the riding model (Ui, = nUyq for
non-hydrogen atom linked to a given hydrogen atom;
n = 1.2 for carbon atoms). The structure was refined
with respect to F° by full-matrix least-squares
procedure in anisotropic approximation for nonhydro-
gen atoms; wR, = 0.076 (4732 reflections), R, = 0.043
[3309 reflections with F > 4c6(F)]; S = 0.968. The bond
lengths and bond angles are given in Tables 1 and 2.
The coordinates of atoms and complete sets of bond
lengths and bond angles were deposited to the
Cambridge Crystallographic Data Centre (entry no.
CCDC 768121).

7,8,15,16,18,19,21,22-Octahydro-6H-[1,4,7,13]-
dioxadiazacyclopentadecino[7,8-a:13,12-a'|dibenz-
imidazole (Ia). Compound Ila, 1.38 g, was dissolved
in 120 ml of DMF distilled over calcined CaO, 2.8 g of
potassium hydroxide was added under stirring, and the
mixture was heated for 30—40 min at 50-60°C. A solu-
tion of 2.29 g of triethylene glycol bis(p-toluene-
sulfonate) in 30 ml of DMF was added over a period of
40 min to the resulting suspension, and the mixture
was stirred for 18 h at 60-70°C under argon. The
solvent was removed on a rotary evaporator, and the
residue was washed with 100 ml of water, dried at
100-110°C, and recrystallized from isopropyl alcohol.
Yield 1.1 g (56%), mp 255-257°C (decomp.). 'H
NMR spectrum, 6, ppm (J, Hz): 2.55 quint (2H,
CHQCHgCHz, J= 69), 3.00 t (4H, CHzCHzCHz, J=
6.9), 3.16 s (4H, OCH,CH,0), 3.61 t (4H, NCH,
CH,0, J = 4.35), 4.31 t (4H, NCH,CH,0, J = 4.35),
7.14-7.60 m (8H, Hgom). Mass spectrum: m/z 390
[M]". Found, %: C 70.48; H 6.64; N 14.06.
Cy3HyN4O, Calculated, %: C 70.77; H 6.67; N 14.36.

7,8,15,16,18,19,21,22,24,25-Decahydro-6H-
[1,4,7,10,16]trioxadiazacyclooctadecino[10,11-a:16,15-
a'|dibenzimidazole (Ib) was synthesized in a similar
way from 1.38 g of compound IIa and 2.51 g of
tetracthylene glycol bis(p-toluenesulfonate). Yield
0.96 g (44%), mp 224-225°C (from i-PrOH). '"H NMR
spectrum, o, ppm (J, Hz): 244 quint (2H,
CHQCHgCHz, J= 750), 3113t (4H, CH2CH2CH2, J=
7.50), 3.26 t (4H, OCH,CH,OCH,CH,0, J = 6.00),
3.33 t (4H, OCH,CH,0OCH,CH,0, J = 6.00), 3.66 t
(4H, NCH,CH,O0, J = 3.75), 4.39 t (4H, NCH,CH,0,
J =3.75), 7.12-7.60 m (8H, Hy,m). Mass spectrum:
m/z 434 [M]". Found, %: C 70.38; H 6.89; N 12.63.
C,5H30N4O5 Calculated %: C 69.10; H 6.96; N 12.89.

6,7,8,9,16,17,19,20,22,23-Decahydro[1,4,7,14]-
dioxadiazacyclohexadecino[7,8-a:14,13-a’'|dibenz-

imidazole (Ic) was synthesized in a similar way from
1.45 g of compound IIb and 2.29 g of triethylene
glycol bis(p-toluenesulfonate). Yield 1.35 g (67%), mp
260-262°C (from i-PrOH). '"H NMR spectrum, 8, ppm
(/, Hz): 2.09 t [4H, CH,(CH,),CH,, J = 7], 2.98 t (4H,
CH,(CH,),CH,, J = 7), 3.33 s (4H, OCH,CH,0), 3.67
t (4H, NCH,CH,O0, J = 4.4), 4.32 t (4H, NCH,CH,0,
J=4.4),7.10=7.56 m (8H, Hyom). Mass spectrum: m/z
404 [M]". Found %: C 71.30; H 6.88; N 13.80.
C,4HsN4O, Calculated %: C 71.29; H 6.93; N 13.86.

1,2-Bis(benzimidazol-2-ylsulfanyl)ethane  (IV).
Compound III, 1.5 g, was added to a solution of 0.4 g
of sodium hydroxide in 10 ml of water, the mixture
was stirred until dissolution, 0.5 g of 1,2-dichloro-
ethane was added, and the mixture was heated for 1 h
under reflux with stirring. After cooling, the precipitate
was filtered off through a Schott filter, washed with
water, dried at 80-100°C, and crystallized from
ethanol. Yield 0.53 g (32.5%), mp 255-257°C
(decomp.). '"H NMR spectrum, &, ppm: 3.70 s (4H,
SCH,CH,S), 7.13-7.48 m (8H, Huom), 12.76 s (2H,
NH). Mass spectrum: m/z 326 [M]". Found, %: C
58.86; H 4.34; N 17.17. CisH4sN4S,. Calculated, %:
C 58.87; H4.33; N 17.16.

6,7,9,10,12,13,21,22-Octahydro[1,14,6,9,4,11]dioxa-
dithiadiazacyclohexadecino[4,5-a:11,10-a']dibenz-
imidazole (V). Compound IV, 0.5 g, was dissolved in
15 ml of DMF distilled over calcined CaO, 0.075 g of
sodium hydride was added, the mixture was stirred
until it became homogeneous, 0.7 g of triethylene
glycol, bis(p-toluenesulfonate) was added, and the
mixture was stirred for 6 h at heating on a boiling
water bath. The solvent was removed, the residue was
dissolved in 20 ml of hot benzene, and the solution
was filtered. The product was isolated by column
chromatography on neutral alumina using benzene—
ethyl acetate (1:1) as eluent, followed by re-
crystallization from ethanol. Yield 0.075 g (11%), mp
145-146°C. '"H NMR spectrum, 8, ppm (J, Hz): 3.38 s
(4H, OCH,CH,0), 3.64 t (4H, NCH,CH,0, J = 5.1),
3.80 s (4H, SCH,CH,S), 4.19 t (4H, NCH,CH,O0, J =
5.1), 7.10-7.45 m (8H, Hgom). Mass spectrum: m/z 440
[M]". Found, %: C 59.99; H 5.49; N 12.73.
CooHuN4O5S,. Calculated, %: C 59.98; H 5.49; N 12.72.
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