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Abstract — A substituted diaminoquinoxaline, 2,3-diethyl-N°,N*-di(quinolin-8-
yl)quinoxaline-5,8-diamine, was synthesized and characterized by a single-crystal
X-ray diffraction study. The crystal structure of the molecule has a planar
geometry with intramolecular hydrogen bonding. The hydrogen bonding is also

evaluated in a solution state by spectroscopic techniques.

In nature, intramolecular hydrogen bonding plays an important role in holding the secondary structure of
peptides, such as a-helix and B-sheet.' In terms of synthetic chemistry, intramolecular hydrogen bonding
is a useful tool for constructing new structures.” Although a hydrogen bond is much weaker than a
covalent bond, multiple hydrogen bonds at appropriate positions provide a rigid structure for the target
molecule.” For example, intramolecular hydrogen bonding assists the construction of planar n-conjugated
molecules, resulting in more enlarged m-conjugation than that in molecules without hydrogen bonding.* It
is also known that planar n-conjugated molecules are stacked in the solid state and exhibit conductivity
along the stacking direction.” To realize a new planar molecule using hydrogen bonding, we focused on a
diaminoquinoxaline unit since diaminoquinoxaline derivatives have high potential for organic electronic
materials® and strong intramolecular hydrogen bonding between the amine proton and the imine nitrogen,
NH:--N=C.” Hirao et al. have reported a series of diaminoquinoxaline derivatives and those small band
gaps owing to donor-acceptor units.” Herein, we report the synthesis of a substituted diaminoquinoxaline,
2,3-diethyl-N° N*-di(quinolin-8-yl)quinoxaline-5,8-diamine, and its strong intramolecular hydrogen
bonding in solid and solution states.

2,3-Diethyl-N°, N*-di(quinolin-8-yl)quinoxaline-5,8-diamine (1) was synthesized via a Pd-catalyzed C-N
coupling reaction® of 5,8-dibromo-2,3-diethylquinoxaline® and 8-aminoquinoline (Scheme 1). The use of

a bulky monodentate phosphine ligand, X-Phos,’ provides a higher yield (43%) than other phosphine
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ligands such as Xantphos'® (7%) and 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP) (0%). The
product was characterized by 'H and "C{'H} NMR, IR, HRMS, elemental analysis and a single-crystal
X-ray diffraction study. Crystals suitable for X-ray diffraction study were grown by the slow diffusion of

hexane into a CHCl; solution of 1.
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Figure 1. ORTEP drawing of 1: (a) front view; (b) side view. Selected distances (A) and angles (deg):
N(1)-H(1) 2.040(1), N(2)-H(2) 2.057(2), N(3)-H(1) 1.012(2), N(4)-H(2) 1.081(2), N(5)-H(1) 2.110(1),
N(6)-H(2) 2.040(1), N(1)-H(1)-N(3) 114.4(1), N(3)-H(1)-N(5) 108.9(1), N(1)-H(1)-N(5) 136.43(3),
N(2)-H(2)-N(4) 109.2(1), N(4)-H(2)-N(6) 109.9(1), N(2)-H(2)-N(6) 140.90(7), C(2)-N(3)-C(13) 134.7(2),
C(5)-N(4)-C(22) 133.7(2) (c) Packing diagram and distances between two molecules.

Figure 1 shows an ORTEP drawing of 1 showing its planar structure. The distances of NH: - - N=C
(2.040-2.110 A) are shorter than the sum of the van der Waals radii for H and N (2.75 A), which strongly
indicate intramolecular hydrogen bonding. The distances of the N-H bonds (1.012 and 1.081 A) are
relatively long compared with a normal N-H bond. The multiple hydrogen bonds are thought to elongate
the N-H bond. The angles between the central quinoxaline ring and the quinoline rings are 3.19 and 5.64°,
proving the planar geometry of the molecule (Figure 1b). The angles of C(2)-N(3)-C(13) and
C(5)-N(4)-C(22) are 134.7(2) and 133.7(2)°, respectively. The relatively large angles are attributed to the
hydrogen bonds and the steric repulsion of H(3)-H(15) and H(4)-H(21). In the crystal lattice, the planar

molecules are stacked with a distance of 3.334 or 3.412 A (Figure 1c). The distance is in the range of m-n
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stacking. The molecules are packed in the crystal lattice with hexagonal symmetry, which is an origin of
R-3 space group. Bis(8-quinolinyl)amine has a similar bond parameter around the N-H group to that of 1
but with a longer NH---N=C distance (2.1691-2.1984 A)."' Hirao et al. reported a diaminoquinoxaline
with 4-phenylaminophenyl groups (2).”° The angles between the central quinoxaline ring and the adjacent
phenyl rings are 10.29 and 23.46°, which are larger than those of 1. These results indicate that the
multiple intramolecular hydrogen bonds are necessary to maintain the planar structure because of the
steric repulsion.
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The IR spectrum of 1 exhibits a broad absorption band of L(N-H) at 3231 cm™, which is much lower than
that of N,N'-diphenyl-p-phenylenediamine (3390 cm™) (Figure 2). The lower wavenumber is further
evidence for hydrogen bonding in the solid state. In a solution state, 1 has also lower wavenumber of

v(N-H) (3343 cm™) than that of N,N'-diphenyl-p-phenylenediamine (3431 cm™).
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Figure 2. IR spectra of 1 and N,N'-diphenyl-p-phenylenediamine.
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To evaluate the strength of the hydrogen bonding in a solution state, '"H NMR spectra of 1 were measured
at different temperatures and in various solvents (Figure 3). In CDCIl; at room temperature, the signal for
the amine proton is observed at 10.4 ppm, whose position is at a much lower magnetic field than the
amine signals of N,N'-diphenyl-p-phenylenediamine (5.55 ppm) and 2 (7.46 and 5.71 ppm). These results
clearly show the existence of strong intramolecular hydrogen bonding in a solution state. The position of
the amine signal is unchanged at a higher temperature (55 °C), indicating the high stability of the
hydrogen bonds (Figure 3b). Interestingly, even in polar solvents such as DMSO-ds and acetone-ds, the
amine signal appears at a similar position to that in the nonpolar solvent CDCl; (10.5 and 10.7 ppm,
respectively). The hydrogen bonds are independent of the solvent, presumably due to the high stability of
the multiple hydrogen bonds and the steric hindrance around the amine moiety, preventing the interaction

of the solvent with the amine group.
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Figure 3. 'H NMR spectra of 1 under various conditions. (a) CDCl; at rt (b) CDCI; at 55 °C (¢) DMSO-dj
at rt (d) acetone-dj at rt. The asterisks indicate the residual solvent signals.

Compound 1 was also characterized by cyclic voltammetry and UV-vis absorption spectroscopy.
Compound 1 exhibits irreversible reduction and oxidation in acetonitrile. The electrochemical reduction
of 1 occurred at E,. = -2.22 V (versus Ag/Ag'), whereas two oxidation peaks were observed at Ey, = 0.17
and 0.58 V, respectively; the oxidation is considered to take place mainly at the two amino groups. The
absorption maximum of 1 in acetonitrile is 409 nm (¢ = 11000) with a shoulder at 452 nm (Figure 4),

which indicates that 1 has a higher band gap than that of 2.
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Figure 4. UV-vis spectrum of 1 in MeCN (1x10™ M).

To summarize the present report, the intramolecular hydrogen bonding of 1 is stable in a solid and in

solution, even at a high temperature and in polar solvents.

EXPERIMENTAL

General Experimental Procedures: 5,8-Dibromo-2,3-diethylquinoxaline was synthesized according to
the literature method.®® 8-Aminoquinoline and other chemicals were purchased and used as received.
Dehydrated toluene was purchased from Kanto Chemical and used as a dry solvent. NMR spectra were
recorded on a JEOL EX-300 or a JEOL EX-270 NMR spectrometer. IR spectra were recorded on a
JASCO FT/IR-300 spectrometer. Elemental analysis was carried out with a Perkin-Elmer 2400 CHN
Elemental Analyzer. UV-vis spectrum was recorded on a JASCO V-630iRM spectrophotometer. Cyclic
voltammogram was recorded on BAS 1200a electrochemical analyzer. Mass spectrum was recorded on
JEOL JMS-700 MStation.

Synthesis of 2,3-diethyl-N°,N*-di(quinolin-8-yl)quinoxaline-5,8-diamine (1): A mixture of Pd,(dba);
(22.9 mg, 0.025 mmol), X-phos (42.5 mg, 0.09 mmol), 5,8-dibromo-2,3-diethylquinoxaline (172.1 mg,
0.50 mmol), 8-aminoquinoline (216.3 mg, 1.5 mmol) and NaO'Bu (320.4 mg, 4.0 mmol) in toluene (5
mL) was stirred for 3 days at 100 °C under nitrogen atmosphere. After cooling to rt, the reaction mixture
is neutralized with 1M HCI. The organic layer was extracted with CHCl; and washed with water and
brine. The product was isolated by column chromatography on silica gel using CHCl; as an eluent.
Analytical pure sample was obtained by crystallization from CHCly/hexane (101.3 mg, 43%). '"H NMR
(300 MHz, CDCls): 6 1.61 (t, J= 7.3 Hz, 6H, CHs3), 3.14 (q, J = 7.3 Hz, 4H, CH»), 7.27 (m, 2H, Ar), 7.45
(t,J=4.2 Hz, 2H, Ar), 7.50 (t, J= 8.0 Hz, 2H, Ar), 7.80 (d, /= 7.8 Hz, 2H, Ar), 7.85 (s, 2H, Ar), 8.15(dd,
J =183, 1.7 Hz, 2H, Ar), 8.90 (dd, J = 4.2, 1.6 Hz, 2H, Ar), 10.4 (s, 2H, NH). C{'H} NMR (68 MHz,
CDCls): 6 11.4,27.8,108.1, 111.2, 116.4, 121.4, 127.3, 128.8, 130.9, 133.3, 135.9, 139.6, 147.4, 147.5,
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154.7. IR (KBr, ecm™): 3231, 2967, 1578, 1539, 1439, 1383, 1143, 1130, 810, 788, 772, 739, 599.
HI-FAB MS: 470.2220 (Calcd. 470.2219). Anal. Calcd for C30Ha6Ng-0.5H,0: C, 75.13; H, 5.67; N, 17.52.
Found: C, 75.10; H, 5.58; N, 17.25%.

X-Ray Crystallography: Crystal of 1 suitable for X-ray diffraction study was obtained by
recrystallization from CHCls/hexane and mounted in glass capillary tube. The data for 1 were collected
on a Rigaku Saturn CCD area detector. Calculations were carried out by using a program package
CrystalStructure for Windows. The structure was solved by direct method and expanded using Fourier
techniques. A full-matrix least-squares refinement was used for non-hydrogen atoms with anisotoropic
thermal parameters. H1 and H2 were determined by difference Fourier map and refined isotropically.
Other hydrogen atoms were placed at the calculated positions and were included in the structure
calculation without further refinement of the parameters. Crystal data of 1: C3oH26Ns; Crystal size 0.3 x
0.1 x 0.1 mm; Mr, 470.58; trigonal; space group R-3 (No. 148); a 37.569(5), ¢ 8.647(1) A; V 10570(2)

A 7 18; pn (Mo-Ka) 0.815 cm-1; F (000) 4464; D¢gleq 1331 g cm™; unique reflections (20 < 55°)
5345; number of variables 354; R 0.038 (I>2(I)); R 0.117 (All reflections); Ry, 0.025 (All reflections);

GOF 0.899. Crystallographic data have been deposited at the CCDC, 12 Union Road, Cambridge
CB21EZ, UK and copies can be obtained on request, free of charge, by quoting the publication citation
and the deposition number 734947.
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