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The asymmetric unit of the title compound, C,,H,oN,O,4-H,O,
comprises a substituted benzimidazole molecule and a water
molecule of crystallization. The dihedral angles between the
benzimidazole ring system and the two outer benzene rings
are 16.54 (4) and 86.13 (4)°. The dihedral angle between the
two hydroxy-substituted benzene rings is 82.20 (5)°. In the
crystal structure, intermolecular O—H- - -O hydrogen bonds,
involving the hydroxy groups and water molecules, form Rj(8)
ring motifs, and link symmetry-related molecules into
extended chains along the c¢ axis. The crystal structure is
further stabilized by weak intermolecular C—H.- - -O hydrogen
bonds, weak C—H- - - and 7 stacking [centroid—centroid =
3.6495 (6)-3.7130 (6) A] interactions. Intramolecular O—
H---O and O—H- - -N interactions are also present.

Related literature

For hydrogen-bond motifs, see Bernstein et al. (1995). For the
synthesis and bioactivity of benzimidazoles see, for example:
Soto et al. (2006); Vazquez et al. (2006); Latif et al. (1983). For
related structures, see: Elerman & Kabak (1997); Liu et al.
(2006); Al-Douh et al. (2006, 2007). For the stability of the
temperature controller used for the data collection, see:
Cosier & Glazer (1986).

} Additional corresponding author, e-mail: ohasnah@usm.my.
§ Thomson Reuters ResearcherID: A-3561-2009.
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Experimental
Crystal data
Cy,HoN,0,-H,0 ¥ =97.993 (1)°
M, =394.42 vV =916.18 (2) A®
Triclinic, P1 Z=2

a=175076 (1) A
b =98557 (1) A
c=132240 (2) A
a = 106306 (1)°
B =97.135 (1)°

Mo Ko radiation
=010 mm™"

T =100 K

0.48 x 0.28 x 0.10 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tnin = 0.952, Tpax = 0.990

33715 measured reflections
8009 independent reflections
6304 reflections with 1 > 21)
Rine = 0.030

Refinement

R[F? > 20(F%)] = 0.049
wR(F?) = 0.133
§=1.03

8009 reflections

274 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Apmax = 058 ¢ A3

Apmin = =033 ¢ A7

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
O1—H1---N1 0.84 1.80 2.5447 (12) 147
O1W—H2W1. - -0l 0.84 (2) 223 (2) 3.0151 (11) 155 (2)
0O2—H2---04 0.84 221 2.6650 (11) 114
02—H2.--O1W* 0.84 1.95 2.7401 (11) 155
O1W—HIW1...02 0.87 (2) 2.04 (2) 2.8987 (12) 168.5 (19)
C21—H21B---O1W" 0.98 2.58 3.2762 (16) 128
C22—H22A---03" 0.98 2.54 3.2071 (14) 126
C22—H22B---Cgl" 0.98 2.80 3.5497 (13) 133

Symmetry codes: (i) —x+1, —y +1, —z; (ii) —x+1,—y+1, —z+1; (iii)) x,y — 1, z;
@(iv) x,y,z—=1; (v) x,y, 2+ 1; (vi) —x +2, —y +2, —z + 1. Cgl is the centroid of the
C15-C20 benzene ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
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structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: LH2793).
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2-[1-(2-Hydroxy-3-methoxybenzyl)-1 H-benzimidazol-2-yl]-6-methoxyphenol monohydrate

M. H. Al-Douh, H. Osman, S. A. Hamid, R. Kia and H.-K. Fun

Comment

Many benzimidazoles are pharmaceutical agents and are used widely in biological system applications which enable im-
portant synthetic strategies in drug discovery. Phenolic and anisolic benzimidazole derivatives have been synthesized and
evaluated for vasodilator and antihypertensive activity (Soto ef al., 2006), while other alkyloxyaryl benzimidazole derivat-
ives have been tested for the spasmolytic activity (Vazquez et al., 2006). Latif ef al. have developed the reactions of some
phenolic aldehydes with o- phenylenediamine in great details and managed to isolate the title compound (Latif e al., 1983).
In view of the above, we have obtained the title compound (I), derived from benzimidazole and a bis-Schiff base compound

and have determined its crystsal structure herein.

The bond lengths and angles in (I) are consistent with those common to related reported structures (Elerman & Kabak,
1997; Liu et al., 2006). The molecular structure of (I) is shown in Fig. 1. Intramolecular O—H:--O and O—H-*N hydro-
gen bonds generate five and six membered rings with S(5) and S(6) ring motifs respectively (Bernstein et al., 1995). In-
termolecular O—H---O hydrogen bonds, involving one of the hydroxy groups and one of the water molecules link neigh-
bouring molecules into chains with R44(8) ring motifs (Bernstein et al., 1995). The dihedral angles between the benzim-
idazole ring system and the two outer benzene rings are 16.54 (4) and 86.13 (4)°. The dihedral angle between the two hy-
droxy substituted benzene rings is 82.20 (5)°. In the crystal structure the molecules are linked together by four-membered
O—H-*O—H:-O—H interactions into 1-D extended chains along the ¢ axis. The crystal structure is further stabilized by
intermolecular C—H--O hydrogen bonds, weak intermolecular C—H---rw (Table 1; Cgl is the centroids of the C15-C20
benzene ring), and 7 interactions [Cg2--Ce2"1l = 3.6495 (6) A; Cg3 -Cgd" = 3.7130 (6) A; Cg2, Cg3 and Cg4 are the
centroids of the N1/C7/N2/C8/C13, C1-C6 and C8—C13 rings].

Experimental

The synthetic method has been described earlier (Al-Douh ef al., 2006, 2007), while the single crystals suitable for X-ray

diffraction were obtained by evaporation of a methanol solution of (I) at 353 K.

Refinement

H atoms of the hydroxy groups were positioned by a freely rotating O—H bond and constrained with a fixed distance of
0.82 A. The water H-atoms were located from the difference Fourier map and refined freely. The rest of the H atoms were
positioned geometrically and refined with a riding model approximation with C—H = 0.95-0.98 and Ujso(H) = 1.2 or 1.5
Ueq(C). A rotating group model was used for the methyl groups.
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Figures

Fig. 1. The molecular structure of the title compound, showing 50% probability displacement
ellipsoids and the atomic numbering. Intramolecular H bonds are drawn as a dashed line.

Fig. 2. Part of the crystal structure of the title compound, viewed along the a-axis showing 1-
D extended chains along the c-axis. Intermolecular interactions are drawn as dashed lines.

2-[1-(2-Hydroxy-3-methoxybenzyl)-1H-benzimidazol-2-yl]-6-methoxyphenol monohydrate

Crystal data
CyHoN204-H0
M, =394.42
Triclinic, PT

Hall symbol: -P 1
a=175076 (1) A
h=9.8557 (1) A
c=13.2240 2) A
a=106.306 (1)°
B=97.135 (1)°
y=97.993 (1)°
V=916.18 (2) A’

Data collection

zZ=2

F()OO =416
Dy=1.430Mgm >
Mo Ka radiation
1=0.71073 A

Cell parameters from 9908 reflections
0=2.5-33.4°

p=0.10 mm '
T=100K

Plate, colourless

0.48 x 0.28 x 0.10 mm

Bruker SMART APEXII CCD area-detector

8009 independent reflections

diffractometer

Radiation source: fine-focus sealed tube 6304 reflections with /> 271)
Monochromator: graphite Rint =0.030

T=100K Omax = 35.0°

¢ and ® scans Omin = 2.2°

i sl oo
Timin = 0.952, Tnax = 0.990 k=-15—15

33715 measured reflections [=-21-21

Refinement

Refinement on F>

Secondary atom site location: difference Fourier map
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Least-squares matrix: full
R[F? > 20(F)] = 0.049

WR(F?) =0.133

§=1.03
8009 reflections

274 parameters

Primary atom site location: structure-invariant direct

methods

Special details

Hydrogen site location: inferred from neighbouring
sites

H atoms treated by a mixture of
independent and constrained refinement

w = 1/[c2(Fy?) + (0.0658P)% + 0.2927P]
where P = (Fy> + 2F2)/3
(A/6)max = 0.001
Apmax =0.58 ¢ A7

ApPmin=-0.33 ¢ A

Extinction correction: none

Experimental. The crystal was placed in the cold stream of an Oxford Cyrosystems Cobra open-flow nitrogen cryostat (Cosier &

Glazer, 1986) operating at 100.0 (1) K.

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations

between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of

cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of /2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F* 2, convention-

al R-factors R are based on F, with F set to zero for negative F. The threshold expression of F> G(Fz) is used only for calculating R-

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large

as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X

o1 0.70651 (10)
HI 0.7410

02 0.57454 (9)
H2 0.5792

03 0.65167 (12)
04 0.83510 (10)
N1 0.78166 (11)
N2 0.68948 (10)
Cl 0.68617 (12)
2 0.65860 (13)
c3 0.63781 (14)
H3A 0.6186

C4 0.64553 (14)
H4A 0.6326

cs 0.67176 (13)
HSA 0.6777

C6 0.68979 (12)
c7 0.71903 (12)
cs 0.74228 (12)

y z Uiso*/Ueq
0.86574 (8) ~0.22860 (6) 0.01748 (14)
0.9452 —0.1807 0.026*
0.84985 (8) 0.36393 (6) 0.01561 (13)
0.8439 0.4263 0.023*
0.60902 (8) ~0.35747 (6) 0.02243 (16)
0.78670 (9) 0.48995 (6) 0.01926 (15)
1.04082 (9) ~0.04007 (7) 0.01479 (14)
0.98309 (9) 0.09978 (6) 0.01414 (14)
0.75865 (10) ~0.18267 (7) 0.01435 (16)
0.61781 (11) ~0.25179 (8) 0.01672 (17)
0.50113 (11) —0.21256 (9) 0.01892 (18)
0.4059 —0.2598 0.023*
0.52522 (11) ~0.10278 (9) 0.01897 (18)
0.4457 —0.0753 0.023*
0.66317 (11) ~0.03354 (8) 0.01655 (17)
0.6774 0.0410 0.020*
0.78324 (10) —0.07211 (7) 0.01388 (15)
0.93282 (10) ~0.00369 (7) 0.01363 (15)
1.13195 (10) 0.13166 (8) 0.01435 (15)
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C9
H9A
C10
H10A
Cl11
H11A
Cl12
HI12A
Cl13
Cl14
H14A
H14B
Cl15
Cl6
C17
CI18
HI18A
C19
HI19A
C20
H20A
C21
H21A
H21B
H21C
C22
H22A
H22B
H22C
Oo1w
H2W1
H1W1

0.74225 (13)
0.7034
0.80202 (14)
0.8038
0.86028 (14)
0.9011
0.85915 (13)
0.8982
0.79834 (12)
0.62110 (12)
0.5363
0.5515
0.77308 (12)
0.74231 (12)
0.88347 (12)
1.05599 (13)
1.1524
1.08576 (13)
1.2026
0.94569 (12)
0.9675
0.6815 (2)
0.6958
0.5768
0.7923
0.97989 (14)
0.9313
1.0733
1.0342
0.50926 (11)
0.433 (3)
0.515 (3)

1.23678 (11)
1.2126
1.37822 (12)
1.4529
1.41416 (11)
1.5122
1.30930 (11)
1.3335
1.16605 (10)
0.90630 (11)
0.8169
0.9667
0.86831 (10)
0.84165 (10)
0.81141 (10)
0.81031 (11)
0.7925
0.83566 (11)
0.8336
0.86386 (11)
0.8803
0.47733 (14)
0.4884
0.4012
0.4517
0.78394 (12)
0.7807
0.8706
0.6986
0.14161 (9)
0.158 (2)
0.052 (2)

Atomic displacement parameters (142 )

01
02
03
04
N1
N2
Cl1
C2
C3
C4
C5
C6

Ull

0.0253 (3)
0.0147 (3)
0.0351 (4)
0.0175 (3)
0.0164 (3)
0.0152 (3)
0.0154 (3)
0.0196 (4)
0.0217 (4)
0.0207 (4)
0.0178 (4)
0.0138 (3)

U22

0.0151 (3)
0.0218 (3)
0.0180 (3)
0.0300 (4)
0.0157 (4)
0.0165 (4)
0.0157 (4)
0.0177 (4)
0.0151 (4)
0.0164 (4)
0.0183 (4)
0.0156 (4)

0.22774 (8)

0.2872

0.23185 (9)

0.2958

0.14373 (9)

0.1498

0.04864 (8)

—-0.0107

0.04318 (8)
0.17087 (7)

0.1275
0.2183

0.23893 (7)
0.33383 (7)
0.39986 (7)
0.37185 (8)

0.4173

0.27609 (8)

0.2558

0.21028 (8)

0.1451

~0.42586 (10)

~0.4959
—0.4344
~0.3944

0.57027 (8)

0.6352
0.5866
0.5441

0.43879 (6)
0.3932 (17)
0.4097 (15)

U33

0.0131 (3)
0.0125 (3)
0.0133 (3)
0.0152 (3)
0.0143 (3)
0.0123 (3)
0.0138 (4)
0.0135 (4)
0.0195 (5)
0.0219 (5)
0.0158 (4)
0.0134 (4)

U12

0.0034 (3)
0.0045 (2)
0.0056 (3)
0.0056 (3)
0.0041 (3)
0.0033 (3)
0.0040 (3)
0.0047 (3)
0.0035 (3)
0.0033 (3)
0.0036 (3)
0.0035 (3)

0.01755 (17)
0.021*
0.02025 (18)
0.024*
0.02055 (19)
0.025*
0.01792 (17)
0.022*
0.01454 (16)
0.01496 (16)
0.018*
0.018*
0.01369 (15)
0.01303 (15)
0.01459 (16)
0.01720 (17)
0.021*
0.01798 (17)
0.022*
0.01622 (17)
0.019*
0.0353 (3)
0.053*
0.053*
0.053*
0.02013 (19)
0.030*
0.030%
0.030%
0.02107 (15)
0.055 (6)*
0.043 (5)*

U13

0.0034 (2)
0.0046 (2)
0.0046 (3)
0.0030 (2)
0.0039 (3)
0.0033 (2)
0.0030 (3)
0.0033 (3)
0.0029 (3)
0.0032 (3)
0.0033 (3)
0.0025 (3)

U23

0.0061 (2)
0.0073 (3)
0.0028 (3)
0.0138 (3)
0.0066 (3)
0.0063 (3)
0.0066 (3)
0.0048 (3)
0.0046 (3)
0.0095 (4)
0.0085 (3)
0.0058 (3)
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C7 0.0139 (3) 0.0161 (4) 0.0121 (4) 0.0038 (3) 0.0024 (3) 0.0056 (3)
C8 0.0138 (3) 0.0169 (4) 0.0134 (4) 0.0039 (3) 0.0018 (3) 0.0058 (3)
C9 0.0168 (4) 0.0212 (4) 0.0139 (4) 0.0047 (3) 0.0017 (3) 0.0039 (3)
C10 0.0207 (4) 0.0197 (5) 0.0184 (4) 0.0051 (3) 0.0018 (3) 0.0025 (4)
Cll 0.0217 (4) 0.0168 (4) 0.0226 (5) 0.0042 (3) 0.0024 (3) 0.0053 (4)
c12 0.0189 (4) 0.0170 (4) 0.0196 (4) 0.0040 (3) 0.0039 (3) 0.0078 (3)
C13 0.0145 (3) 0.0165 (4) 0.0139 (4) 0.0039 (3) 0.0026 (3) 0.0062 (3)
Cl4 0.0142 (3) 0.0203 (4) 0.0131 (4) 0.0037 (3) 0.0035 (3) 0.0086 (3)
C1s 0.0139 (3) 0.0165 (4) 0.0117 (4) 0.0034 (3) 0.0026 (3) 0.0054 (3)
C16 0.0129 (3) 0.0150 (4) 0.0115 (4) 0.0026 (3) 0.0026 (3) 0.0043 (3)
C17 0.0158 (3) 0.0165 (4) 0.0128 (4) 0.0030 (3) 0.0021 (3) 0.0067 (3)
C18 0.0153 (4) 0.0206 (4) 0.0182 (4) 0.0048 (3) 0.0022 (3) 0.0095 (4)
C19 0.0144 (4) 0.0230 (5) 0.0195 (4) 0.0053 (3) 0.0044 (3) 0.0097 (4)
€20 0.0148 (3) 0.0214 (4) 0.0148 (4) 0.0045 (3) 0.0045 (3) 0.0078 (3)
C21 0.0633 (9) 0.0230 (6) 0.0184 (5) 0.0126 (6) 0.0104 (5) 0.0008 (4)
22 0.0206 (4) 0.0265 (5) 0.0146 (4) 0.0048 (3) ~0.0004 (3) 0.0095 (4)
01w 0.0267 (4) 0.0235 (4) 0.0158 (3) 0.0093 (3) 0.0049 (3) 0.0076 (3)

Geometric parameters (4, °)

01—Cl 1.3581 (11) C10—Cl1 1.4107 (16)
01—HI 0.8400 C10—HI10A 0.9500
02—Cl16 1.3734 (11) Cl1—C12 1.3837 (15)
02—H2 0.8400 Cl1—HI11A 0.9500
03—C2 1.3697 (12) Cl12—C13 1.4008 (14)
03—C21 1.4229 (14) Cl2—HI2A 0.9500
04—Cl17 1.3624 (11) Cl4—Cl5 1.5183 (12)
04—C22 1.4312 (12) Cl4—HI14A 0.9900
N1—C7 1.3379 (12) Cl4—H14B 0.9900
N1—C13 1.3824 (13) C15—C16 1.3920 (13)
N2—C7 1.3757 (12) C15—C20 1.3976 (12)
N2—C8 1.3917 (12) Cl6—C17 1.4066 (12)
N2—Cl14 1.4599 (12) C17—C18 1.3913 (13)
cl1—C2 1.4021 (14) C18—C19 1.3959 (14)
C1—C6 1.4094 (13) C18—HI8A 0.9500
C2—C3 1.3860 (14) C19—C20 1.3893 (13)
C3—C4 1.3961 (15) C19—HI9A 0.9500
C3—H3A 0.9500 C20—H20A 0.9500
C4—C5 1.3810 (15) C21—H21A 0.9800
C4—H4A 0.9500 C21—H21B 0.9800
C5—C6 1.4108 (13) C21—H21C 0.9800
C5—HS5A 0.9500 C22—H22A 0.9800
Cc6—C7 1.4669 (13) C22—H22B 0.9800
Cc8—C9 1.3945 (14) C22—H22C 0.9800
Cc8—Cl13 1.4010 (13) O1W—H2W1 0.84 (2)
C9—C10 1.3874 (15) OIW—HIWI 0.87 (2)
C9—H9A 0.9500

Cl—O1—HI 109.5 Cl1—CI12—HI2A 121.2
C16—02—H2 109.5 C13—C12—HI2A 121.2
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C2—03—C21
C17—04—C22
C7—NI1—C13
C7—N2—C8
C7—N2—Cl4
C8—N2—Cl4
01—Cl1—C2
01-—C1—C6
C2—C1—C6
03—C2—C3
03—C2—Cl
C3—C2—Cl
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C4—C5—C6
C4—C5—HSA
C6—C5—HSA
Cl1—C6—C5
Cl—C6—C7
C5—C6—C7
NI1—C7—N2
N1—C7—C6
N2—C7—C6
N2—C8—C9
N2—C8—C13
C9—C8—CI3
C10—C9—C8
C10—C9—H9A
C8—C9—HI9A
C9—C10—Cl1
C9—C10—HI0A
C11—C10—H10A
C12—C11—C10
Cl12—Cl1—H11A
C10—C11—H11A
Cl1—C12—C13
C21—03—C2—C3
C21—03—C2—Cl
01—C1—C2—03
C6—C1—C2—03
01—C1—C2—C3
C6—C1—C2—C3
03—C2—C3—C4
Cl—C2—C3—C4
C2—C3—C4—C5

116.18 (9)
116.88 (8)
106.48 (8)
106.87 (8)
130.73 (8)
122.38 (8)
116.37 (8)
123.45 (9)
120.18 (8)
125.03 (9)
114.20 (8)
120.76 (9)
119.20 (9)
120.4
120.4
120.85 (9)
119.6
119.6
120.82 (9)
119.6
119.6
118.16 (9)
117.77 (8)
124.03 (8)
111.35 (8)
120.54 (8)
128.11 (8)
131.51 (9)
106.08 (8)
122.40 (9)
116.42 (9)
121.8
121.8
121.84 (10)
119.1
119.1
121.25 (10)
119.4
119.4
117.52 (9)

~20.13 (15)
160.96 (10)
~1.55(12)
177.80 (8)
179.48 (9)
~1.16 (14)
~179.16 (9)
~0.31 (15)
0.61 (15)

N1—C13—C12
N1—C13—C8
C12—C13—C8
N2—Cl14—Cl5
N2—C14—HI4A
C15—C14—HI4A
N2—C14—H14B
C15—C14—H14B
HI4A—Cl14—H14B
C16—C15—C20
C16—C15—Cl4
C20—C15—Cl4
02—C16—C15
02—C16—C17
C15—C16—C17
04—C17—C18
04—C17—Cl16
C18—C17—Cl6
C17—C18—C19
C17—C18—HI8A
C19—C18—HI8A
C20—C19—C18
C20—C19—HI9A
C18—C19—HI9A
C19—C20—C15
C19—C20—H20A
C15—C20—H20A
03—C21—H21A
03—C21—H21B
H21A—C21—H21B
03—C21—H21C
H21A—C21—H21C
H21B—C21—H21C
04—C22—H22A
04—C22—H22B
H22A—C22—H22B
04—C22—H22C
H22A—C22—H22C
H22B—C22—H22C
H2W1—OIW—HIW]1
C8—C9—C10—Cl1
C9—C10—C11—C12
C10—C11—C12—C13
C7—NI—CI3—CI2
C7—NI1—CI3—C8
C11—C12—C13—N1
C11—C12—C13—C8
N2—C8—C13—NI
C9—C8—CI13—NI

130.25 (9)
109.19 (8)
120.56 (9)
112.59 (7)
109.1
109.1
109.1
109.1
107.8
118.99 (8)
119.49 (8)
121.49 (8)
119.26 (8)
120.41 (8)
120.29 (8)
125.31 (8)
114.37 (8)
120.31 (8)
119.19 (8)
120.4
120.4
120.45 (9)
119.8
119.8
120.73 (9)
119.6
119.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
103.0 (18)
~0.19 (14)
0.43 (16)
~0.13 (15)
179.37 (10)
~0.59 (10)
179.66 (9)
~0.39 (14)
~0.56 (10)
~179.40 (8)
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C3—C4—C5—C6
01—C1—C6—C5
C2—C1—C6—C5
01—C1—C6—C7
C2—C1—C6—C7
C4—C5—C6—C1
C4—C5—C6—C7
CI3—N1—C7—N2
CI3—N1—C7—C6
C8—N2—C7—N1
C14—N2—C7—N1
C8—N2—C7—C6
C14—N2—C7—C6
Cl—C6—C7—N1
C5—C6—C7—N1
C1—C6—C7—N2
C5—C6—C7—N2
C7—N2—C8—C9
C14—N2—C8—C9
C7—N2—C8—C13
C14—N2—C8—C13
N2—C8—C9—C10
C13—C8—C9—C10

Hydrogen-bond geometry (4, ©)

D—H-A
O1—H1-NI1

OlW—H2W1--01'
02—H2--04

02—H2--01W'
O1W—HIW1--021
C21—H21B--O1W"Y
C22—H22A--03"
C22—H22BCgl"!

0.58 (14)
~178.40 (8)
2.28 (13)
~0.65 (13)
~179.96 (8)
~2.01 (13)
~179.61 (9)
1.57 (10)
~178.56 (8)
~1.94 (10)
179.36 (8)
178.21 (8)
~0.50 (15)
~15.16 (12)
162.45 (9)
164.69 (9)
~17.71 (14)
~179.84 (9)
~1.00 (15)
1.47 (9)
~179.69 (8)
~178.84 (9)
~0.33 (13)

D—H
0.84
0.84 (2)
0.84
0.84
0.87 (2)
0.98
0.98
0.98

N2—C8—C13—C12
C9—C8—C13—Cl12
C7—N2—C14—C15
C8—N2—C14—C15
N2—C14—C15—C16
N2—C14—C15—C20
C20—C15—C16—02
C14—C15—C16—02
C20—C15—C16—C17
C14—C15—C16—C17
C22—04—C17—C18
C22—04—C17—Cl16
02—C16—C17—04
C15—C16—C17—04
02—C16—C17—C18
C15—C16—C17—C18
04—C17—C18—C19
C16—C17—C18—C19
C17—C18—C19—C20
C18—C19—C20—C15
C16—C15—C20—C19
C14—C15—C20—C19

H-A
1.80
2.23(2)
2.21
1.95
2.04 (2)
2.58
2.54
2.80

DA
2.5447 (12)
3.0151 (11)
2.6650 (11)
2.7401 (11)
2.8987 (12)
3.2762 (16)
3.2071 (14)
3.5497 (13)

179.47 (8)
0.64 (14)
91.13 (11)
~87.41 (10)
157.87 (9)
~20.07 (13)
178.18 (9)
0.19 (13)
0.30 (14)
~177.69 (9)
11.29 (15)
~167.85 (9)
2.44 (13)
~179.70 (9)
~176.74 (9)
1.11 (15)
179.16 (10)
~1.75 (15)
0.99 (16)
0.42 (16)
~1.06 (15)
176.89 (9)

D—H-A
147

155 (2)
114

155

168.5 (19)
128

126

133

Symmetry codes: (i) —x+1, —y+1, —z; (i) —x+1, —y+1, —z+1; (iii) x, y—1, z; (iv) x, ¥, z—1; (V) x, y, z+1; (vi) =x+2, —p+2, —z+1.
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Fig. 2
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