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The title lignin model compound, C;sH;3Og¢, resides on a
twofold axis parallel with the b axis, with the mid-point of the
internal C—C(—x + 1, y, —z + ) bond located on the twofold
axis. The exo angles between the methoxy groups and the
benzene rings deviate significantly from the expected value of
120° [125.15 (7) and 114.27 (6)°]. A 12-coordinated 3-modal
three-dimensional net with a new topology was identified on
the synthon level. A comparison of the flexibility of related
0,0'-disubstituted biphenyl derivatives and biphenyl is
presented, with the angles between the ring planes in
substituted biphenyls found to be in the range 40-70°.

Comment

The title compound, (I), is a lignin model compound repre-
sentative of a type of biphenyl structure in lignins (Ralph et al.,
2004). The present study is aiming at an elucidation of the
structure and conformation of phenolic structural elements of
this type. A perspective drawing and the atom-numbering of
(I) are shown in Fig. 1 and selected geometric parameters are
given in Table 1. The molecule is located with the mid-point of
the C1—C1' bond [symmetry code: (i) —x + 1, y, —z + ona
twofold axis parallel with the b axis. A striking deformation in
(I) is the deviation of the O2—C3—C2 and 02—C3—C4
angles from 120° (Table 1). Such deformation was observed
earlier by, for example, Lundquist ef al. (1987) and Gallagher
et al. (2001). There is an intramolecular hydrogen bond
between the methoxy O atom and the adjacent hydroxy group
(Fig. 1 and Table 2). There are also two strong intermolecular
hydrogen bonds of O—H---O type present in the crystal
structure of (I); geometric details of these hydrogen bonds are
given in Table 2. On the first-level graph-set, as defined by
Bernstein et al. (1995) and Grell et al. (1999), an S(5) string is
formed by the intramolecular hydrogen bond, while both

intermolecular hydrogen bonds form C(8) and C(9) chains. On
the second-level graph-set, R}(8) rings are formed by the two
intermolecular hydrogen bonds (Fig. 2).

CH;0 OH CH,0H
HOCH, HO OCH;
M

Due to the symmetry of the molecule of (I) and the
arrangement in the unit cell, an infinite three-dimensional

03

Figure 1

A perspective drawing of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.
Intramolecular hydrogen bonds are shown as dashed lines. [Symmetry
code: (i) —x + 1, y, —z + 1]

Figure 2

The hydrogen-bond pattern (dashed lines) in the structure of (I), showing

the directed four-membered co-operative hydrogen bonds. H atoms not

involved in the hydrogen-bonding pattern have been omitted for clarity.

[Symmetry codes: (i) —x +3, —y + 5,z + % (iv) 1 —x, —y, 1 — z; (V) x + 3,
1 _ 1

y—3—2+3]

0606

© 2010 International Union of Crystallography

doi:10.1107/50108270110046913

Acta Cryst. (2010). C66, 0606—0608



organic compounds

Figure 3

A representation of the new topology in (I), showing the 12-coordinated
3-modal part of the three-dimensional framework. C11 is the mid-point of
the C1—C1' bond. [Symmetry codes: (i) —x + 1, y, —z + & (ii) —x + 1,
—y+hz+G)x—Ly+l —z+L V)1 —x, -y 1—-z;(V)x+Ly—1
—z+hvi)x =L —y+ L —z+ L (viD) x, —y + 1,z + 5 (VD) —x, y, —z +1;
() —x+Ly+lzx—x+L—y+iz—%(xi)—x —y+1, —2z]

framework is built, with a body-centred cubic (beu) topology,
using the nomenclature of the Reticular Chemistry Structural
Resource (RCSR) database (O’Keeffe et al, 2008). We
contracted the molecular residues to synthons, defined by O1,
C11 (the mid-point of the C1—C1' bond), C5 and O3, and a
12-coordinated 3-modal three-dimensional net with a new
topology was identified using the program TOPOS (Blatov et
al., 2000; Blatov & Shevchenko, 2010). This new topology,
denoted vlal, has a point (Schléfli) symbol for the net of
(12%)(4:12%),. This means that each synthon is connected with
11 other synthons through symmetry-related molecules
(Fig. 3).

The crystal structures of a number of lignin model
compounds of the biphenyl type have been reported in the
literature (Brunow et al., 1995; Karhunen et al., 1996; Xi et al.,
1996; Ferreira et al., 1998; Roblin et al., 2000). Compound (I) is
phenolic and only one structurally related compound with
phenol groups has been examined previously, namely
5,5-bis[(2-hydroxy-3-methoxy-5-methylphenyl)methyl]-3,3'-di-
methoxy-2,2'-biphenyldiol (Xi et al., 1996). In these two
compounds, there are hydrogen bonds between the hydroxy
and methoxy O atoms. In biphenyls o,0’-disubstituted with
hydroxy groups lacking adjacent methoxy groups (Bedford et
al., 2003; Wang et al., 1983; Bocelli et al., 1999; Xi et al., 1996;
Byrne et al., 1998), hydrogen bonds are formed between the
hydroxy groups.

The angle between the aromatic rings is flexible in the
structures of 0,0’-disubstituted biphenyl derivatives; for (I) it
is 68.88 (2)°. In Table 3, the angles between the aromatic rings
and selected torsion angles are presented for a series of such
compounds. The nonderivatized biphenyl molecule is planar
in crystal structures at room temperature, but libration around

the long axis of the molecule suggests a statistically centro-
symmetric arrangement (Charbonneau & Delugeard, 1977).
At 41 K, crystals of biphenyl undergo a structural phase
transition to an intermediate phase called phase II, and at
21 K another phase III is formed. Surprisingly, Cailleau et al.
(1979) found the angle between the rings to be 10.2° for
crystals of phase III, which was later correctly attributed to the
existence of a modulated structure by Baudour & Sanquer
(1983). In crystal structures where biphenyl is cocrystallized
with other molecules or complexes as a solvent, the angle
between the rings is dependent on the type and strength of the
interactions, with a maximum value of 50.8° for a dichromium
complex (Van Order et al., 1987).

Experimental

Compound (I) was prepared according to the method of Adler &
Hernestam (1955) (m.p. 458-459 K; Adler & Hernestam reported
m.p. 460463 K under quick heating). Crystals of (I) were obtained by
recrystallization from an acetone—ethanol (1:1 v/v) mixture.

Crystal data

C16H,505 V = 1412.54 (12) A?
M, = 306.30 Z=4
Orthorhombic, Pbcn Mo Ka radiation
a=124911 (6) A w=011mm™"'

b =8.5100 (4) A T=153K

c=132883 (7) A 035 x 0.20 x 0.15 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2003)
Toin = 0.594, T = 0.984

23325 measured reflections
2621 independent reflections
2150 reflections with I > 20(I)
Rine = 0.046

Refinement

R[F? > 20(F%)] = 0.038
wR(F?) = 0.116

S =1.00

2621 reflections

112 parameters

H-atom parameters constrained
APmax =055 ¢ A3

Appin = =022 ¢ A3

H atoms were refined isotropically while their positions were
constrained to ideal geometry using an appropriate riding model,
with C—H = 0.95-0.99 A. For methyl groups, O—C—H angles
(109.5°) were kept fixed, while the torsion angle was allowed to refine
with the starting positions based on the circular Fourier synthesis
averaged using the local threefold axis. For the hydroxy groups, the
O—H distances (0.84 A) and C—O—H angles (109.5°) were kept
fixed, while the torsion angles were allowed to refine with the starting

Acta Cryst. (2010). C66, 0606—0608

Table 1
Selected geometric parameters (A, °).
01-C2 1.3690 (9) 03—-C8 1.4339 (10)
02—C7 1.4255 (10) Cl1—C1 1.4893 (14)
C2—C1—Ct! 121.09 (7) 02—C3—C4 12515 (7)
C6—C1—CI 119.78 (7) 02-C3—C2 114.27 (6)
O1-C2—C1 119.63 (7) C6—C5—C4 119.04 (7)
01—-C2—-C3 120.79 (7) C6—C5—C8 120.05 (7)
Symmetry code: (i) —x +1,y, —z +1.
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Table 2 .

Hydrogen-bond geometry (A, °).

D-H--A D-H H--A D---A D-H--A
Ol1—HI1---02 0.84 222 2.6720 (9) 114
Ol1—H1-- 'O3ff_ 0.84 2.03 2.7489 (8) 144
0O3—H3.--01™" 0.84 2.09 2.9138 (9) 168

Symmetry codes: (ii) —x +3, —y + 3 z+ % (i) x — L, y+3 —z+3

positions based on the circular Fourier synthesis. The highest positive
peaks in the residual electron-density map with absolute values
higher than that of the minimum peak, —0.22 e A3, ranging from
0.23 to 0.55 eA’3, are located in the middle of the bonds and
represent the o electrons.

Data collection: SMART (Bruker, 2003); cell refinement: SAINT
(Bruker, 2003); data reduction: SAINT and SADABS (Sheldrick,
2003); program(s) used to solve structure: SHELXTL (Sheldrick,
2008); program(s) used to refine structure: SHELXTL; molecular
graphics: DIAMOND (Brandenburg, 2010); software used to prepare
material for publication: SHELXTL.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GG3249). Services for accessing these data are
described at the back of the journal.
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