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Self-Organization of the 2-Methoxyquinhydrone Charge Transfer

Complex in Polar Planes

Marcel BOUVET?*, Bernard MALEZIEUX, Patrick HERSON, Francoise VILLAIN
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Polar planes resulting from the association of polar stacks through

hydrogen bonds, have been evidenced on single crystals of a

substituted quinhydrone prepared by a one-pot oxidation-co-
10 sublimation solvent-free process.

As a classical intermolecular complex example, the quinhydrone is
widely used to illustrate how complexes can be built up around the
subtle balance between non-covalent interactions, such as hydrogen
bonding and n—n stacking."? In the quinhydrone, - interactions
15 exist inside the donor-acceptor stacks, whilst infinite molecular
chains form through H-bonds between neighboring stacks.>
Only few examples of resolved X-ray structures of quinhydrones
built up from polar quinone or hydroquinone derivatives are
available in the literature. One can mention those based on 1,4-
2 naphthoquinone,” ” phenanthrene-9,10-quinone,® 1,4-dihydro-9,10-
anthraquinone’,  triptycenequinone'®  and  2-methoxy-1,4-
benzoquinone."" Nevertheless, molecules are packed generally in a
head-to-tail configuration and dipole-dipole interactions are rarely
discussed.
2s Even though several quinhydrones can be carried out by simply
grinding the starting materials in a mortar,'? the obtention of single
crystals suitable for X-ray diffraction studies remains uneasy. To
overcome the solvation energy effects involved in the crystallization
process from solutions, an alternative synthesis carried out from the
w0 solid forms, under vacuum, has been recently proposed.'
Nevertheless, this method was difficult to generalize, due to the
difference of vaporization energies between the quinones and
dihydroquinones.
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+ Electronic ~ Supplementary  Information (ESI) available: 1.
Crystallographic data for compounds 2 and 3 are available free of charge
from the Cambridge Data Center  via Internet at
http://www.ccde.cam.ac.uk/data_request/cif (2: CCDC 626643 and 3:
626640). 2. Raman spectrum of 3 compared to that of non-substituted
quinhydrone.

Here, we report a novel approach, starting only from the substituted
so dihydroquinone. This route provides an in-situ generation of the
oxidized counterpart (the corresponding quinone). That ensures a
slow process particularly convenient for the single crystals’ growth.
The commercially available 2-methoxy-1,4-dihydroquinone 2, when
heated in a sublimator under primary vacuum, in the presence, in a
s separated container, of an organic or inorganic oxidizing agent
(2,3,5,6-tetrachloro-1,4-benzoquinone or 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone as well as PbO, ), both at 50°C, undergoes a redox
reaction that leads to the formation of 1.¥ Then, in situ, co-
sublimation of 1 and 2 leads, after few hours, to black prisms of 3
(space group P2,/c).§ It is worth noting that, when the
tetrasubstituted quinones were employed, the presence of
tetrasubstituted moieties were not detected in any charge transfer
complex.; The '"H NMR spectrum of crystals of 3 dissolved in
CD;CN confirms that 1 and 2 are in a 1 to 1 ratio, with no shift
s compared to the isolated molecules. This is in agreement with the
lack of charge transfer band in the absorption spectrum of 3
dissolved in acetonitrile, while the absorption spectrum of 3 obtained
in the solid state from a KBr pellet, dark violet in color, shows a
strong and broad absorption band centered at 560 nm (Fig. 1).
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s Fig. 1 Optical absorption spectrum of 3 showing the charge transfer band
(KBr pellet), compared to that of a 50:50 mixture of 1 and 2 (acetonitrile
solution).

%
[

The Raman spectrum of single crystals of 3 exhibits very intense
bands compared to subunits 1 and 2 (Fig. 2). Due to the use of an
incident laser wavelength belonging to the charge transfer absorption
range, the experiment occurs in resonant Raman conditions.'* ' The
main vibrations appear at 1671 and 1600 cm™, attributed to the 8a C-
C vibration of the benzene ring and to C=0 vibration, respectively,
os both shifted by 20 cm’ compared to the non-substituted
quinhydrone."> That confirms the existence of an intermolecular
charge transfer complex.
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Fig.2 Raman spectrum of 3 (solid line) compared to that of the
quinone and hydroquinone subunits 1 and 2. All the spectra have
been normalized.

The asymmetric unit is composed of one molecule of 1 and one
molecule of 2 tilted by 4.7 ° (Fig. 3a). As a matter of fact 3isa 1:1

s complex as the non-substituted quinhydrone.”® The molecules

arrange in columns parallel to the a-axis and make an angle of 59.8
(subunit 1) and 55.2 ° (subunit 2) with this axis (Fig. 3b). The
shortest intermolecular distance between the mean planes is
alternately 3.21 and 3.23 A all along the column axis, indicating
strong m—m interactions.

The two C-OH bonds are slightly different, 1.372(7) and 1.387(7) A,
for C8-O4 and C11-08, respectively, whereas the two carbonyl
distances are equivalent, 1.234(7) A for C1-O1 and C4-03. In the
quinone subunit, the C-C bonds are 1.341(7) and 1.342(9) A for the
double bonds, and between 1.461(9) and 1.507(8) A for the single
bonds; whereas in the hydroquinone subunit all the C-C bonds lay in
the range 1.385-1.401 A. Each molecule is linked to two neighbours
belonging to adjacent columns via hydrogen bonds; dO3-O4’ =
2.827(2) A (d03-H4’ = 1.954(4) A), angle 03-H4’-04’ = 144 ° and
d06’-01 = 2.802(2) A (dH6’-O1 = 2.002(4) A), angle 06’>-H6’-O1
= 146 °. This provides a zig-zag chains’ orientation defining sheets
parallel to the (101) plane (Fig. 3b and 4). Additionaly, auxiliary
CH...OCHj; interactions participate to the intercolumnar cohesion
(Fig 4), with dH51-05 = 2.668(4) A and dH101-02 = 2.671(4) A.
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Fig. 3 X-ray crystal structure of 3: a) ORTEP representation (30%
probability level) of the asymmetric unit including atomic numbering and
bond lengths in A; b) view of molecules in two adjacent columns connected
via H-bonds (80% van der Waals radii).

Considering the structural pattern obtained from single crystal
diffraction studies, two main features have caught our attention:
Firstly, the quinhydrone 3, formed by the alternate stack of

molecules 1 and 2, exhibits an exact superimposition of the methoxy

substituents (Fig. 3b). Secondly, molecules belonging to H-bonded
s chains are tilted by 44.7 ° with respect to each other as defined by
the torsion angle between C1 to C6 and C8 to C13 planes, whereas
those in next sheet are generated by the inversion center. Thus, the
dipolar character of subunits 1 and 2 due to their methoxy arm is
preserved in a column and on the scale of a plane. The planes
correspond to each other by an inversion center. It is worth noting
that in pure 1,'® molecules lie in a head-to-tail arrangement, with an
intersheet distance of 3.3 A, whereas in pure 2 obtained as single
crystal by sublimation under vacuum (this work)Y, n—m interactions
do not occur, and crystal arrangement results from strong H-bonds
providing a pattern made of perpendicular interlocked molecules.
In order to appreciate their role in the building up, the dipole
moments of 1 and 2 were calculated by Chem3D Pro" software with
the MNDO'” method using the geometrical data collected from
single crystals of 3 without geometrical optimization. In 1 the dipole
moment, oriented parallel to the C1-O2 direction, is 1.0 Debye,
compared to 0.8 D for the optimized geometry.'® In 2, it is 1.5 Debye
and is turned to the C8-C12 direction. So, in the structure, although
the dipole moments of 1 and 2 remain not aligned, the resulting
dipole moment for the corresponding quinhydrone pair appears to l?e
s 2.0 Debye, as calculated for a A-D pair, whose projection in the (b~c)

plane points in the C1-C2 direction (Fig. 4a).
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Fig. 4 X-ray crystal structure of 3: projection on the plane (011) (left), H-
bonds are indicated as dotted lines, and CH...O interactions as full lines;
arrows indicate the projection of the dipole moment for each column;

s projection on the plane (101) (right), arrow indicate the orientation of the
resulting dipole moment for a plane.

Calculations on two A-D pairs associated by two H-bonds indicate
that the resulting dipole moment (3.0 Debye) is oriented mainly
parallglrto the ('a'c) plane (Fig. 4), with only a minor component in
the (b-c| plane. As a consequence of the columns’ association
provided by the hydrogen bonds, one can conclude that real polar
planes are obtained. This unusual 2D polar arrangement associated
with the presence of a charge transfer band opens the way to new
105 materials (polar films are envisaged) that should exhibit particular
electrooptical properties.
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This work proposes an efficient one-pot solvent-free method to
make crystals of substituted quinhydrones, starting from
200 dihydroquinones.
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Notes and references

s 1The same product was obtained from 1 and 2, in an equimolar ratio, by

heating 1 at 50 °C while 2 was kept at room temperature, in a separated
compartment of a home-made sublimator. For this purpose, 1 was
synthesized from 2 by oxidization at room temperature with 1,4-
benzoquinone.'' This reaction can be explained from the redox potentials
of 1 and 2 that we determined by cyclic voltammetry in acetonitrile, as well
as these of the unsubstituted analogs. 1 shows two monoelectronic and
reversible reduction waves at -094 V and -1.75 V versus
ferricinium/ferrocene (Fc'/Fc), while 2 shows one irreversible oxidation
wave at +0.56 V vs Fc'/Fc. Due to the presence of the donating methoxy

s group, 1 is more difficult to reduce than the 1,4-benzoquinone by 0.1 V,

and 2 is easier to oxidize than the non substituted 1,4-hydroquinone, also
by 0.1 V.

¥ Crystals of 3 were synthesized from 2 (15 mg, 0.14 mmol) and 2,3,5,6-
tetrachloro-1,4-benzoquinone (20 mg, 0.08 mmol) or 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (20 mg, 0.09 mmol) in two separated
compartments of an home-made sublimator, both heated under vacuum (10
' Torr) at 50 °C. 3: M.P.: 103°C (dec.), IR (KBr): 1676 (s), 1648 (m) (C=0)
cm™, Raman (785 nm beam of a laser diode used in a microRaman set-up
on a single crystal): 1671 (8a)"%, 1600 (C=0), 453 (A band) cm™, UV-

s Visible (KBr pellet): Am. 560 nm. 'H NMR of dissolved crystals (300

MHz, CD;CN): & = 3.81 [d, Jocus-s= 0.4 Hz, 3H, OCH; (1)]; 3.82 [s, 3H,
OCH; (2)]; 5.93 [s broad, 1H, OH (2)], 6.01 [ddq, Js.c = 1.9 Hz, Js5 = 0.4
Hz, Js.ocus = 0.4 Hz, 2H, Hs (1)], 6.27 [dd, Js.c = 8.5 Hz, Js.3 =2.8 Hz, 1H,
Hs (2)]; 6.42 [s broad, 1H, OH (2)], 6.47 [d, Js.3 = 2.8 Hz, 1H, H; (2)]; 6.66
[d, Js.s =8.5 Hz, 1H, He (2)], 6.705 [d, Js.e= 1.9 Hz, 2H, Hq (1)], 6.71 [d, J5.
s= 0.4 Hz, 2H, H; (1)]. Anal. Calcd for C,4H404: C, 60.43%; H, 5.07%.
Found: C, 60.07%; H, 5.23%.

§ Crystal data for 3: C14H,406, Fw = 278.26, black prismatic crystal (0.08
x 0.12 x 0.14 mm), monoclinic, P2,/c, a = 7.8386 (10), b =12.791 (3), c =
13.187 ) A, =90, B =99.170 (11), y = 90°, V = 1305.3 (4) A, Z =4,
D. = 142 g cm'z, were measured on a KAPPACCD - Nonius
diffractometer. A (MoKa) = 0.71073 A, p (MoKa) = 1.14 cm™, 11762
reflections (T =200 K, 2<8 <30 °), nb of independent data collected: 3773,
nb of independent data used for refinement: 1213 (Fo)* > 1.55(Fo)’,
merging R =0.039,R=Z%|| Fo |- |Fc||/Z|Fo=0.0675, Rw* = [Zw(|| Fo|
-| Fc|))* / =wF0%]"* = 0.0570, -0.41 < Ap < 0.33.

§| Crystal data for 2: C¢HsOs, Fw = 140.14, colorless parallelepiped crystal
(0.06 x 0.10 x 0.12 mm), monoclinic, P2,/n, a =4.9678(7), b = 10.533(4),
c=13.094(2) A, 0 =90, B =91.194(13), y =90°, V=685.03) A*, Z =4,
D. = 1.359 g cm?, 3578 reflections (T = 295 K, 3<6 <27.5 °), nb of
independent data collected: 1564, nb of independent data used for
refinement: 978 (Fo)* > 1.56(Fo)?, merging R = 0.047, R =2|| Fo | - | Fc ||
/ £ | Fo = 0.0473, Rw* = [Zw(]| Fo| - | Fc [)* / ZwFo’]"* = 0.0595, -
0.28 <Ap <0.25.
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