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In the title compounds, 2,20-{[anthracene-9,10-diylbis(methylene)]bis(sulfane-

diyl)}dibenzoic acid dimethylacetamide tetrasolvate, C30H22O4S2·4C4H9NO 1

and 4,40-{[anthracene-9,10-diylbis(methylene)]bis(oxy)}dibenzoic acid di-

methylformamide disolvate, C30H22O6·2C3H7NO 2, the complete anthracene–

benzoic acid molecule is generated by a crystallographic centre of symmetry.

The dihedral angle between the anthracene ring system and the pendant ring is

71.43 (7) in 1 and 75.27 (12)� in 2. In the extended structures of 1 and 2,

O—H� � �O hydrogen bonds link the main molecules into pairs of solvent mol-

ecules to generate trimers. Weak C—H� � �O and C—H� � �� interactions further

consolidate both structures.

1. Chemical context

Anthracene is a rigid and planar tricyclic aromatic hydro-

carbon, has extensive �-conjugation, high photoluminescence

efficiency and good thermal stability (Klosterman et al., 2009;

Hunter et al., 2001). The anthracene core serves as a light-

harvesting chromophore and a versatile structural unit for

designing functional materials such as organic semiconductors,

photoresponsive switches, fluorescent sensors and supra-

molecular hosts (Desiraju & Gavezzotti, 1989). In coordina-

tion chemistry, the incorporation of anthracene into ligands

can significantly influence both the structural and electronic

characteristics of the resulting complexes as reported by our

group (e.g., Verma et al., 2022) and others (e.g., Jindal et al.,

2021).

Herein we report the syntheses and crystal structures of the

title compounds, 1 and 2, with a thioether and ether linkage
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between the anthracene ring system and benzoic acid moiety,

respectively. These compounds could act as potential linkers in

metal–organic frameworks (MOFs) after deprotonation of the

carboxylic acid.

2. Structural commentary

Compound 1 (Fig. 1) crystallizes in the monoclinic space group

P21/c with half of the main molecule and two dimethyl-

acetamide (DMA) solvent molecules in the asymmetric unit.

The dihedral angle between the anthracene ring system and

the phenyl ring of the 2-mercaptobenzoic acid moiety is

71.43 (7)�. The torsion angle between the anthracene ring and

phenyl group (C1—C8—S1—C9) is 178.13 (9)� indicating an

anti conformation for this grouping and the C8—S1—C9 bond

angle is 103.13 (7)�. Compound 2 (Fig. 2) crystallizes in space

group P21/n with half of the main molecule and one di-

methylformamide (DMF) molecule in the asymmetric unit.

The C8—O1—C9 bond angle is 117.8 (2)� and the

C1—C8—O1—C9 torsion angle is � 178.3 (2)�, indicating an

anti conformation. The dihedral angle between the plane of

anthracene ring system and the phenyl ring of the 4-hy-

droxybenzoic acid moiety is 75.27 (12)�.

3. Supramolecular features

In the extended structure of 1, the carboxylic acid group of the

ligand forms an O2—H2� � �O3A hydrogen bond with the

DMA molecule with an H� � �O bond length of 1.94 Å. The

structure of 1 is further consolidated by a number of

C—H� � �O, C—H� � �S and C—H� � �� weak interactions

(Table 1). Among these, consecutive C—H� � �� interactions

occur between the C4—H4 group of the anthracene ring and

the centroid (Cg1) of the adjacent benzene ring with an H� � ��

separation of 2.76 Å (Fig. 3). The packing also features a weak

hydrogen bond between the methylene hydrogen atoms of the

anthracene ring and oxygen atom of DMF molecule
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Figure 2
The molecular structure of 2 showing displacement ellipsoids drawn at
the 50% level. Symmetry code: 1 � x, � y, � z.

Table 1
Hydrogen-bond geometry (Å, �) for 1.

Cg1 is the centroid of the C9–C14 ring of 1.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O2—H2� � �O3Ai 0.84 1.94 2.770 (14) 169
C8—H8B� � �O4Aii 0.99 2.48 3.126 (8) 122
C17—H17A� � �O4iii 0.98 2.62 3.518 (8) 152
C18A—H18D� � �S1iii 0.98 3.02 3.83 (3) 142

C19A—H19E� � �O4Aiii 0.98 2.43 3.40 (4) 168
C21—H21C� � �O1 0.98 2.49 3.422 (7) 158
C22A—H22F� � �O1 0.98 2.54 3.51 (3) 168
C4—H4� � �Cg1 0.95 2.76 3.49 135

Symmetry codes: (i) x � 1; y; z; (ii) xþ 1; y; z; (iii) � xþ 1; yþ 1
2
; � z þ 1

2
.

Figure 3
The packing of 1 showing C—H� � �� interactions.

Table 2
Hydrogen-bond geometry (Å, �) for 2.

Cg2 is the centroid of the C9–C14 ring of 2.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O3—H3� � �O4 0.84 1.74 2.575 (3) 175
C8—H8A� � �O2i 0.99 2.54 3.429 (4) 149
C16—H16� � �O2 0.95 2.31 3.080 (4) 138
C4—H4� � �Cg2 0.95 3.07 3.96 157

Symmetry code: (i) � x þ 1
2
; y � 1

2
; � zþ 1

2
.

Figure 1
The molecular structure of 1 showing displacement ellipsoids drawn at
the 50% level. Symmetry code: 1 � x, 1 � y, 1 � z.



(C8—H8B� � �O4A) at a distance of 2.48 Å, forming infinite

chains running parallel to each other.

A similar strong hydrogen bond occurs in 2, between the

carboxylic acid group of the ligand and oxygen atom of the

DMF molecule (O3—H3� � �O4) at a distance of 1.74 Å and the

packing is supported by various weak interactions (Table 2),

including consecutive C—H� � �� interactions involving the

aromatic C11—H11 group of the phenyl ring and the centroid

(Cg2) of the adjacent anthracene ring at an H� � �� distance of

3.07 Å, resulting in an array of chains running parallel to each

other (Fig. 4). Additionally, the packing of 2 is reinforced by

the hydrogen-bond interactions between the aromatic H atom

of the benzene ring of one molecule and the oxygen atom of

the ether bond in the adjacent molecule (C10—H10� � �O1) at a

distance of 2.67 Å.

4. Database survey

A simple name search in the Cambridge Structural Database

(CSD version 5.46, November 2024; Groom et al., 2016) of

both compounds 1 and 2 resulted in no hits. However,

searching for the fragment anthracene-9,10-diylbis(methyl-

ene) resulted in more than thirty similar structures, for

example including CSD refcode BIHNIR (Suresh et al., 2013),

XUTHAZ (Verma et al., 2025), TAPYEQ (Chen et al., 2010),

WUTGUO01 (Kan et al., 2011), YIGCEA (Li et al., 2023) and

ZIHFEF (Verma et al., 2023). These structures are either

ligand molecules or metal-organic structures having different

substituents on the anthracene-9,10-diylbis(methylene)

moiety.

5. Synthesis and crystallization

As outlined in Figs. 5 and 6, 2-mercaptobenzoic acid

(2.0 mmol) and potassium carbonate (4.0 mmol) were

dissolved in an acetone:water (1:1) mixture and refluxed for

1 h. After an hour, 9,10-bis(bromomethyl)anthracene

(1.0 mmol) was added to the reaction mixture and it was

refluxed overnight. After the completion of reaction, mixture

was neutralized with 1 N HCl solution and the yellow preci-

pitate was filtered, washed with water and dried to yield a

yellow solid (yield: 92%). 1H-NMR (500MHz, DMSO-d6): �

5.17 (s, 4H), 7.27–7.31 (m, 2H), 7.58–7.60 (m, 4H), 7.64–7.67

(m, 2H), 7.90–7.93 (m, 4H), 8.37–8.39 (m, 4H), 13.05 (s, 2H).

The crystals of 1 were obtained by a solvothermal method

using DMA solvent at 363 K for 96 h.

To prepare 2, methyl-4-hydroxybenzoate was synthesized

by following the previously reported procedure (Mondal et al.,

2023). Methyl-4-hydroxybenzoate (2.0 mmol) and potassium

carbonate (2.2 mmol) were dissolved in acetonitrile (20 ml)

and refluxed for 1 h. After an hour, 9,10-bis(bromomethyl)-

anthracene (1.0 mmol) was added to the reaction mixture and

refluxed overnight. After the completion of reaction, it was

neutralized with 1 N HCl solution and the solid product was

filtered, washed with water and dried in a hot air oven (yield:

92%). 1H-NMR (500MHz, DMSO-d6): � 3.81 (s, 6H), 6.17 (s,

4H), 7.27–7.29 (d, 4H), 7.59–7.61 (m, 4H), 7.95–7.96 (d, 4H),

8.39–8.41 (m, 4H). The methyl ester derivative was taken in a

100 ml round-bottom flask and dissolved in mixed solvents of

THF:MeOH (1:1). 4 M NaOH was added into the reaction

mixture and stirred for 24 h at RT. After the completion of

reaction, it was neutralized with 1 N HCl solution and preci-

pitate was filtered, washed with water and dried (yield: 85%).

Crystals of 2 were obtained by a solvothermal method using

DMF solvent at 373 K for 72 h.

6. Refinement

Crystal data, data collection and structure refinement details

are summarized in Table 3. The H atoms attached to carbon
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Figure 4
The packing of 2 showing C—H� � �� interactions.

Figure 5
Synthesis schemes for compound 1.

Figure 6
Synthesis schemes for compound 2.



atoms were refined using a riding model with Uiso(H) =

1.2Ueq(C). In 1, both DMA molecules were found to be

disordered in a similar manner. This was modeled using

SAME instructions in SHELXL for each component and

resulted in occupancies of 0.799 (3)/0.201 (3) and 0.804 (3)/

0.196 (3), respectively.
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Table 3
Experimental details.

1 2

Crystal data

Chemical formula C30H22O4S2·4C4H9NO C30H22O6·2C3H7NO
Mr 859.08 624.67
Crystal system, space group Monoclinic, P21/c Monoclinic, P21/n
Temperature (K) 104 104
a, b, c (Å) 9.9818 (3), 9.2026 (2), 24.1998 (7) 10.8761 (10), 9.6711 (9), 14.8968 (14)
� (�) 91.016 (1) 100.519 (3)
V (Å3) 2222.61 (10) 1540.6 (2)

Z 2 2
Radiation type Mo K� Mo K�
� (mm� 1) 0.18 0.10
Crystal size (mm) 0.35 � 0.15 � 0.12 0.26 � 0.19 � 0.16

Data collection

Diffractometer Bruker APEXII CCD Bruker APEXII CCD
Absorption correction Multi-scan (OLEX2; Dolomanov et al., 2009) Multi-scan (OLEX2; Dolomanov et al., 2009)
Tmin, Tmax 0.706, 0.746 0.666, 0.745
No. of measured, independent and observed [I >

2�(I)] reflections
84923, 5544, 4374 49734, 3169, 1669

Rint 0.076 0.179
(sin �/�)max (Å� 1) 0.668 0.627

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.045, 0.112, 1.03 0.069, 0.182, 1.02
No. of reflections 5544 3169
No. of parameters 394 211
No. of restraints 422 0

H-atom treatment H-atom parameters constrained H-atom parameters constrained
��max, ��min (e Å� 3) 0.41, � 0.27 0.31, � 0.24

Computer programs: APEX4, APEX2 and SAINT (Bruker, 2016), SHELXT2018/2 (Sheldrick, 2015a), SHELXL-2019/2 (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009).
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Syntheses and structures of two anthracene–benzoic acid derivatives as 

potential MOF linkers

Shagun Kushwaha, Amit Thapliyal, Anil K. Mishra, Udai P. Singh and Ray J. Butcher

Computing details 

2,2′-{[Anthracene-9,10-diylbis(methylene)]bis(sulfanediyl)}dibenzoic acid dimethylacetamide tetrasolvate (1) 

Crystal data 

C30H22O4S2·4C4H9NO
Mr = 859.08
Monoclinic, P21/c
a = 9.9818 (3) Å
b = 9.2026 (2) Å
c = 24.1998 (7) Å
β = 91.016 (1)°
V = 2222.61 (10) Å3

Z = 2

F(000) = 916
Dx = 1.284 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 9910 reflections
θ = 2.4–25.7°
µ = 0.18 mm−1

T = 104 K
Block, clear yellowish yellow
0.35 × 0.15 × 0.12 mm

Data collection 

Bruker APEXII CCD 
diffractometer

ω and φ scans
Absorption correction: multi-scan 

(Olex2; Dolomanov et al., 2009)
Tmin = 0.706, Tmax = 0.746
84923 measured reflections

5544 independent reflections
4374 reflections with I > 2σ(I)
Rint = 0.076
θmax = 28.3°, θmin = 1.7°
h = −13→13
k = −12→12
l = −32→32

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.045
wR(F2) = 0.112
S = 1.03
5544 reflections
394 parameters
422 restraints
Primary atom site location: dual

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0474P)2 + 1.119P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max = 0.001
Δρmax = 0.41 e Å−3

Δρmin = −0.27 e Å−3

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq Occ. (<1)

S1 0.49737 (4) 0.76829 (4) 0.38089 (2) 0.01827 (10)
O1 0.29231 (11) 0.87413 (12) 0.31863 (4) 0.0263 (3)
O2 0.31257 (12) 0.96903 (14) 0.23437 (5) 0.0310 (3)
H2 0.230729 0.948146 0.232140 0.047*
C1 0.56861 (14) 0.58987 (15) 0.46196 (6) 0.0167 (3)
C2 0.52491 (14) 0.45046 (15) 0.44587 (6) 0.0173 (3)
C3 0.54843 (16) 0.39496 (16) 0.39171 (6) 0.0224 (3)
H3 0.593487 0.454054 0.365752 0.027*
C4 0.50773 (17) 0.25944 (17) 0.37653 (6) 0.0267 (4)
H4 0.525167 0.224961 0.340360 0.032*
C5 0.43976 (17) 0.16965 (17) 0.41413 (7) 0.0273 (4)
H5 0.411335 0.075326 0.403109 0.033*
C6 0.41483 (16) 0.21774 (16) 0.46609 (6) 0.0228 (3)
H6 0.369268 0.155798 0.490923 0.027*
C7 0.54455 (14) 0.64077 (15) 0.51567 (6) 0.0171 (3)
C8 0.63542 (15) 0.68688 (16) 0.42042 (6) 0.0192 (3)
H8A 0.694092 0.629672 0.396056 0.023*
H8B 0.689817 0.762652 0.439262 0.023*
C9 0.57997 (15) 0.88537 (15) 0.33438 (6) 0.0177 (3)
C10 0.71660 (16) 0.91600 (16) 0.34057 (6) 0.0217 (3)
H10 0.766922 0.871749 0.369702 0.026*
C11 0.77937 (17) 1.01029 (17) 0.30463 (7) 0.0251 (3)
H11 0.871972 1.031090 0.309790 0.030*
C12 0.70906 (17) 1.07443 (16) 0.26140 (6) 0.0247 (3)
H12 0.752673 1.139489 0.237117 0.030*
C13 0.57494 (16) 1.04298 (16) 0.25390 (6) 0.0223 (3)
H13 0.526989 1.085006 0.223637 0.027*
C14 0.50800 (15) 0.95009 (15) 0.29011 (6) 0.0195 (3)
C15 0.36146 (16) 0.92700 (16) 0.28293 (6) 0.0211 (3)
O3 1.0671 (4) 0.9058 (3) 0.2180 (2) 0.0353 (7) 0.799 (3)
N1 0.88738 (18) 0.9245 (2) 0.16135 (7) 0.0285 (5) 0.799 (3)
C16 0.9981 (2) 0.9800 (2) 0.18493 (9) 0.0274 (5) 0.799 (3)
C17 1.0361 (8) 1.1340 (7) 0.1719 (4) 0.0353 (10) 0.799 (3)
H17A 1.050112 1.143580 0.132038 0.053* 0.799 (3)
H17B 1.118931 1.159241 0.191974 0.053* 0.799 (3)
H17C 0.964103 1.199522 0.183008 0.053* 0.799 (3)
C18 0.8425 (6) 0.7782 (5) 0.1765 (3) 0.0369 (10) 0.799 (3)
H18A 0.816616 0.724555 0.142961 0.055* 0.799 (3)
H18B 0.765414 0.785502 0.200811 0.055* 0.799 (3)
H18C 0.915606 0.726820 0.195702 0.055* 0.799 (3)
C19 0.7988 (6) 1.0049 (7) 0.1234 (3) 0.0360 (11) 0.799 (3)
H19A 0.781855 0.946712 0.090114 0.054* 0.799 (3)
H19B 0.841408 1.096737 0.113248 0.054* 0.799 (3)
H19C 0.713733 1.024955 0.141564 0.054* 0.799 (3)
O3A 1.0538 (16) 0.8659 (15) 0.2192 (8) 0.036 (2) 0.201 (3)
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N1A 0.9312 (8) 1.0021 (9) 0.1604 (3) 0.0294 (12) 0.201 (3)
C16A 0.9542 (8) 0.8815 (9) 0.1884 (3) 0.0296 (12) 0.201 (3)
C17A 0.858 (2) 0.757 (2) 0.1825 (13) 0.035 (3) 0.201 (3)
H17D 0.766243 0.793275 0.184933 0.052* 0.201 (3)
H17E 0.875504 0.686684 0.212185 0.052* 0.201 (3)
H17F 0.870396 0.709975 0.146647 0.052* 0.201 (3)
C18A 0.815 (2) 1.025 (3) 0.1230 (13) 0.034 (3) 0.201 (3)
H18D 0.767338 1.113996 0.133881 0.051* 0.201 (3)
H18E 0.753673 0.942141 0.125383 0.051* 0.201 (3)
H18F 0.845163 1.035463 0.084941 0.051* 0.201 (3)
C19A 1.022 (3) 1.128 (3) 0.1644 (16) 0.033 (3) 0.201 (3)
H19D 0.983823 1.201294 0.188723 0.050* 0.201 (3)
H19E 1.034642 1.169307 0.127565 0.050* 0.201 (3)
H19F 1.109197 1.096129 0.179621 0.050* 0.201 (3)
O4 −0.0836 (2) 0.7997 (3) 0.45732 (9) 0.0501 (6) 0.804 (3)
N2 0.1140 (2) 0.7946 (2) 0.50291 (9) 0.0326 (5) 0.804 (3)
C20 0.0317 (2) 0.8450 (2) 0.46303 (9) 0.0317 (5) 0.804 (3)
C21 0.0868 (7) 0.9608 (6) 0.4254 (2) 0.0367 (8) 0.804 (3)
H21A 0.123902 1.040534 0.447754 0.055* 0.804 (3)
H21B 0.014736 0.997995 0.401298 0.055* 0.804 (3)
H21C 0.157583 0.918999 0.402787 0.055* 0.804 (3)
C22 0.0711 (7) 0.6745 (7) 0.53909 (16) 0.0553 (13) 0.804 (3)
H22A 0.083561 0.703059 0.577852 0.083* 0.804 (3)
H22B 0.125009 0.587919 0.531637 0.083* 0.804 (3)
H22C −0.023695 0.652905 0.531759 0.083* 0.804 (3)
C23 0.2478 (4) 0.8572 (5) 0.51334 (18) 0.0365 (9) 0.804 (3)
H23A 0.300280 0.791520 0.537132 0.055* 0.804 (3)
H23B 0.238720 0.951551 0.531667 0.055* 0.804 (3)
H23C 0.293469 0.870156 0.478167 0.055* 0.804 (3)
O4A −0.0743 (8) 0.7207 (12) 0.4693 (4) 0.0496 (19) 0.196 (3)
N2A 0.1243 (8) 0.8380 (9) 0.4771 (4) 0.0332 (12) 0.196 (3)
C20A 0.0371 (9) 0.7362 (11) 0.4923 (4) 0.0369 (12) 0.196 (3)
C21A 0.064 (3) 0.694 (3) 0.5513 (6) 0.039 (2) 0.196 (3)
H21D 0.129391 0.761244 0.567808 0.059* 0.196 (3)
H21E 0.099197 0.594970 0.552752 0.059* 0.196 (3)
H21F −0.019839 0.699037 0.571807 0.059* 0.196 (3)
C22A 0.083 (3) 0.933 (3) 0.4313 (10) 0.035 (2) 0.196 (3)
H22D 0.102444 1.034030 0.440877 0.053* 0.196 (3)
H22E −0.013882 0.921667 0.424344 0.053* 0.196 (3)
H22F 0.131343 0.905840 0.398021 0.053* 0.196 (3)
C23A 0.2596 (15) 0.836 (3) 0.5004 (8) 0.040 (3) 0.196 (3)
H23D 0.320334 0.885391 0.475125 0.060* 0.196 (3)
H23E 0.288775 0.735411 0.505731 0.060* 0.196 (3)
H23F 0.260857 0.886607 0.536101 0.060* 0.196 (3)



supporting information

sup-4Acta Cryst. (2025). E81, 1063-1066    

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

S1 0.0203 (2) 0.01784 (18) 0.01676 (18) −0.00194 (14) 0.00182 (13) 0.00343 (13)
O1 0.0255 (6) 0.0321 (6) 0.0213 (6) 0.0003 (5) 0.0022 (5) 0.0035 (5)
O2 0.0273 (6) 0.0448 (7) 0.0209 (6) 0.0008 (5) −0.0034 (5) 0.0087 (5)
C1 0.0164 (7) 0.0172 (7) 0.0166 (7) 0.0000 (5) −0.0002 (5) 0.0038 (5)
C2 0.0179 (7) 0.0180 (7) 0.0161 (7) 0.0015 (5) 0.0010 (5) 0.0016 (5)
C3 0.0270 (8) 0.0231 (7) 0.0171 (7) 0.0010 (6) 0.0038 (6) 0.0013 (6)
C4 0.0355 (9) 0.0251 (8) 0.0196 (8) 0.0025 (7) 0.0030 (7) −0.0056 (6)
C5 0.0334 (9) 0.0191 (7) 0.0293 (8) −0.0021 (7) 0.0003 (7) −0.0062 (6)
C6 0.0270 (8) 0.0180 (7) 0.0235 (8) −0.0031 (6) 0.0029 (6) 0.0014 (6)
C7 0.0176 (7) 0.0161 (7) 0.0177 (7) 0.0009 (5) −0.0002 (5) 0.0006 (5)
C8 0.0203 (8) 0.0197 (7) 0.0176 (7) −0.0021 (6) 0.0019 (6) 0.0035 (6)
C9 0.0246 (8) 0.0144 (6) 0.0144 (7) −0.0005 (6) 0.0046 (6) 0.0001 (5)
C10 0.0251 (8) 0.0206 (7) 0.0193 (7) 0.0002 (6) 0.0024 (6) 0.0030 (6)
C11 0.0246 (8) 0.0245 (8) 0.0264 (8) −0.0031 (6) 0.0068 (7) 0.0019 (6)
C12 0.0337 (9) 0.0196 (7) 0.0211 (8) −0.0006 (6) 0.0098 (7) 0.0030 (6)
C13 0.0333 (9) 0.0184 (7) 0.0153 (7) 0.0030 (6) 0.0047 (6) 0.0007 (5)
C14 0.0268 (8) 0.0169 (7) 0.0151 (7) 0.0013 (6) 0.0037 (6) −0.0023 (5)
C15 0.0280 (8) 0.0181 (7) 0.0171 (7) 0.0030 (6) 0.0006 (6) −0.0015 (6)
O3 0.0269 (12) 0.0420 (17) 0.0365 (11) −0.0029 (11) −0.0087 (9) 0.0098 (13)
N1 0.0231 (9) 0.0343 (10) 0.0281 (9) 0.0025 (8) −0.0027 (7) −0.0040 (8)
C16 0.0213 (10) 0.0370 (11) 0.0240 (10) 0.0014 (8) 0.0025 (8) −0.0010 (8)
C17 0.033 (3) 0.0390 (15) 0.034 (3) −0.0047 (13) 0.0030 (16) 0.0056 (16)
C18 0.0321 (19) 0.0303 (16) 0.048 (2) 0.0022 (14) −0.0077 (14) −0.0056 (14)
C19 0.0286 (19) 0.048 (2) 0.0311 (15) 0.0058 (17) −0.0070 (13) 0.0038 (15)
O3A 0.027 (4) 0.042 (5) 0.037 (4) 0.000 (4) −0.005 (3) 0.007 (4)
N1A 0.022 (2) 0.038 (2) 0.029 (2) 0.001 (2) −0.001 (2) 0.001 (2)
C16A 0.023 (2) 0.037 (2) 0.029 (2) 0.002 (2) 0.002 (2) −0.002 (2)
C17A 0.030 (5) 0.034 (4) 0.040 (5) −0.002 (4) −0.002 (4) −0.005 (4)
C18A 0.022 (4) 0.043 (5) 0.036 (5) −0.003 (4) −0.008 (4) 0.001 (4)
C19A 0.024 (5) 0.042 (4) 0.033 (6) −0.005 (4) 0.001 (4) 0.003 (4)
O4 0.0313 (10) 0.0784 (17) 0.0403 (11) −0.0231 (11) −0.0036 (8) −0.0016 (11)
N2 0.0279 (10) 0.0325 (10) 0.0374 (11) −0.0028 (8) 0.0053 (8) 0.0029 (8)
C20 0.0284 (11) 0.0387 (11) 0.0282 (10) −0.0058 (9) 0.0042 (8) −0.0080 (9)
C21 0.0410 (15) 0.040 (2) 0.0293 (17) −0.0050 (15) 0.0059 (13) 0.0024 (12)
C22 0.056 (2) 0.070 (3) 0.040 (2) −0.0181 (19) 0.0098 (19) 0.0103 (19)
C23 0.0215 (12) 0.0405 (18) 0.047 (2) 0.0020 (11) −0.0001 (13) −0.0004 (14)
O4A 0.033 (3) 0.063 (4) 0.052 (4) −0.013 (3) −0.004 (3) −0.001 (4)
N2A 0.029 (2) 0.040 (2) 0.031 (2) −0.001 (2) 0.004 (2) 0.001 (2)
C20A 0.032 (2) 0.045 (2) 0.034 (2) −0.005 (2) 0.004 (2) −0.002 (2)
C21A 0.043 (5) 0.037 (5) 0.038 (4) −0.003 (4) 0.008 (4) 0.008 (4)
C22A 0.035 (5) 0.040 (5) 0.030 (5) 0.004 (4) 0.002 (4) −0.005 (3)
C23A 0.028 (4) 0.051 (5) 0.042 (5) 0.002 (4) 0.005 (4) 0.003 (5)
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Geometric parameters (Å, º) 

S1—C9 1.7721 (14) C19—H19C 0.9800
S1—C8 1.8245 (15) O3A—C16A 1.241 (12)
O1—C15 1.2169 (18) N1A—C16A 1.318 (10)
O2—C15 1.3222 (18) N1A—C19A 1.473 (14)
O2—H2 0.8400 N1A—C18A 1.477 (14)
C1—C7 1.406 (2) C16A—C17A 1.497 (14)
C1—C2 1.408 (2) C17A—H17D 0.9800
C1—C8 1.5086 (19) C17A—H17E 0.9800
C2—C3 1.430 (2) C17A—H17F 0.9800
C2—C7i 1.4405 (19) C18A—H18D 0.9800
C3—C4 1.360 (2) C18A—H18E 0.9800
C3—H3 0.9500 C18A—H18F 0.9800
C4—C5 1.412 (2) C19A—H19D 0.9800
C4—H4 0.9500 C19A—H19E 0.9800
C5—C6 1.360 (2) C19A—H19F 0.9800
C5—H5 0.9500 O4—C20 1.229 (3)
C6—C7i 1.431 (2) N2—C20 1.339 (3)
C6—H6 0.9500 N2—C23 1.472 (4)
C8—H8A 0.9900 N2—C22 1.478 (6)
C8—H8B 0.9900 C20—C21 1.511 (4)
C9—C10 1.398 (2) C21—H21A 0.9800
C9—C14 1.411 (2) C21—H21B 0.9800
C10—C11 1.386 (2) C21—H21C 0.9800
C10—H10 0.9500 C22—H22A 0.9800
C11—C12 1.382 (2) C22—H22B 0.9800
C11—H11 0.9500 C22—H22C 0.9800
C12—C13 1.379 (2) C23—H23A 0.9800
C12—H12 0.9500 C23—H23B 0.9800
C13—C14 1.402 (2) C23—H23C 0.9800
C13—H13 0.9500 O4A—C20A 1.243 (10)
C14—C15 1.485 (2) N2A—C20A 1.335 (10)
O3—C16 1.249 (4) N2A—C23A 1.454 (13)
N1—C16 1.336 (3) N2A—C22A 1.466 (13)
N1—C19 1.464 (5) C20A—C21A 1.497 (13)
N1—C18 1.467 (5) C21A—H21D 0.9800
C16—C17 1.502 (5) C21A—H21E 0.9800
C17—H17A 0.9800 C21A—H21F 0.9800
C17—H17B 0.9800 C22A—H22D 0.9800
C17—H17C 0.9800 C22A—H22E 0.9800
C18—H18A 0.9800 C22A—H22F 0.9800
C18—H18B 0.9800 C23A—H23D 0.9800
C18—H18C 0.9800 C23A—H23E 0.9800
C19—H19A 0.9800 C23A—H23F 0.9800
C19—H19B 0.9800

C9—S1—C8 103.13 (7) H19B—C19—H19C 109.5
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C15—O2—H2 109.5 C16A—N1A—C19A 121.7 (14)
C7—C1—C2 120.14 (12) C16A—N1A—C18A 124.4 (12)
C7—C1—C8 120.23 (13) C19A—N1A—C18A 114.0 (16)
C2—C1—C8 119.57 (13) O3A—C16A—N1A 122.5 (10)
C1—C2—C3 121.59 (13) O3A—C16A—C17A 118.2 (12)
C1—C2—C7i 120.19 (13) N1A—C16A—C17A 119.4 (11)
C3—C2—C7i 118.22 (13) C16A—C17A—H17D 109.5
C4—C3—C2 121.46 (14) C16A—C17A—H17E 109.5
C4—C3—H3 119.3 H17D—C17A—H17E 109.5
C2—C3—H3 119.3 C16A—C17A—H17F 109.5
C3—C4—C5 120.48 (14) H17D—C17A—H17F 109.5
C3—C4—H4 119.8 H17E—C17A—H17F 109.5
C5—C4—H4 119.8 N1A—C18A—H18D 109.5
C6—C5—C4 120.22 (14) N1A—C18A—H18E 109.5
C6—C5—H5 119.9 H18D—C18A—H18E 109.5
C4—C5—H5 119.9 N1A—C18A—H18F 109.5
C5—C6—C7i 121.72 (14) H18D—C18A—H18F 109.5
C5—C6—H6 119.1 H18E—C18A—H18F 109.5
C7i—C6—H6 119.1 N1A—C19A—H19D 109.5
C1—C7—C6i 122.42 (13) N1A—C19A—H19E 109.5
C1—C7—C2i 119.68 (13) H19D—C19A—H19E 109.5
C6i—C7—C2i 117.90 (13) N1A—C19A—H19F 109.5
C1—C8—S1 104.70 (10) H19D—C19A—H19F 109.5
C1—C8—H8A 110.8 H19E—C19A—H19F 109.5
S1—C8—H8A 110.8 C20—N2—C23 122.1 (3)
C1—C8—H8B 110.8 C20—N2—C22 120.4 (3)
S1—C8—H8B 110.8 C23—N2—C22 117.5 (4)
H8A—C8—H8B 108.9 O4—C20—N2 121.6 (2)
C10—C9—C14 118.61 (13) O4—C20—C21 121.4 (3)
C10—C9—S1 121.23 (11) N2—C20—C21 116.9 (3)
C14—C9—S1 120.16 (11) C20—C21—H21A 109.5
C11—C10—C9 120.66 (14) C20—C21—H21B 109.5
C11—C10—H10 119.7 H21A—C21—H21B 109.5
C9—C10—H10 119.7 C20—C21—H21C 109.5
C12—C11—C10 120.88 (15) H21A—C21—H21C 109.5
C12—C11—H11 119.6 H21B—C21—H21C 109.5
C10—C11—H11 119.6 N2—C22—H22A 109.5
C13—C12—C11 119.28 (14) N2—C22—H22B 109.5
C13—C12—H12 120.4 H22A—C22—H22B 109.5
C11—C12—H12 120.4 N2—C22—H22C 109.5
C12—C13—C14 121.20 (14) H22A—C22—H22C 109.5
C12—C13—H13 119.4 H22B—C22—H22C 109.5
C14—C13—H13 119.4 N2—C23—H23A 109.5
C13—C14—C9 119.34 (14) N2—C23—H23B 109.5
C13—C14—C15 119.55 (13) H23A—C23—H23B 109.5
C9—C14—C15 121.04 (13) N2—C23—H23C 109.5
O1—C15—O2 122.88 (15) H23A—C23—H23C 109.5
O1—C15—C14 122.95 (14) H23B—C23—H23C 109.5
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O2—C15—C14 114.17 (13) C20A—N2A—C23A 119.4 (12)
C16—N1—C19 124.1 (3) C20A—N2A—C22A 116.6 (11)
C16—N1—C18 119.9 (3) C23A—N2A—C22A 123.3 (14)
C19—N1—C18 115.9 (3) O4A—C20A—N2A 122.7 (9)
O3—C16—N1 120.5 (2) O4A—C20A—C21A 122.7 (13)
O3—C16—C17 120.8 (3) N2A—C20A—C21A 109.7 (12)
N1—C16—C17 118.7 (3) C20A—C21A—H21D 109.5
C16—C17—H17A 109.5 C20A—C21A—H21E 109.5
C16—C17—H17B 109.5 H21D—C21A—H21E 109.5
H17A—C17—H17B 109.5 C20A—C21A—H21F 109.5
C16—C17—H17C 109.5 H21D—C21A—H21F 109.5
H17A—C17—H17C 109.5 H21E—C21A—H21F 109.5
H17B—C17—H17C 109.5 N2A—C22A—H22D 109.5
N1—C18—H18A 109.5 N2A—C22A—H22E 109.5
N1—C18—H18B 109.5 H22D—C22A—H22E 109.5
H18A—C18—H18B 109.5 N2A—C22A—H22F 109.5
N1—C18—H18C 109.5 H22D—C22A—H22F 109.5
H18A—C18—H18C 109.5 H22E—C22A—H22F 109.5
H18B—C18—H18C 109.5 N2A—C23A—H23D 109.5
N1—C19—H19A 109.5 N2A—C23A—H23E 109.5
N1—C19—H19B 109.5 H23D—C23A—H23E 109.5
H19A—C19—H19B 109.5 N2A—C23A—H23F 109.5
N1—C19—H19C 109.5 H23D—C23A—H23F 109.5
H19A—C19—H19C 109.5 H23E—C23A—H23F 109.5

C7—C1—C2—C3 −179.61 (14) C10—C9—C14—C13 −0.2 (2)
C8—C1—C2—C3 3.3 (2) S1—C9—C14—C13 179.70 (11)
C7—C1—C2—C7i −0.1 (2) C10—C9—C14—C15 −177.18 (13)
C8—C1—C2—C7i −177.13 (13) S1—C9—C14—C15 2.68 (19)
C1—C2—C3—C4 179.07 (15) C13—C14—C15—O1 −164.05 (14)
C7i—C2—C3—C4 −0.5 (2) C9—C14—C15—O1 13.0 (2)
C2—C3—C4—C5 0.4 (2) C13—C14—C15—O2 15.89 (19)
C3—C4—C5—C6 −0.3 (3) C9—C14—C15—O2 −167.10 (13)
C4—C5—C6—C7i 0.2 (3) C19—N1—C16—O3 178.2 (5)
C2—C1—C7—C6i −179.13 (14) C18—N1—C16—O3 3.2 (6)
C8—C1—C7—C6i −2.1 (2) C19—N1—C16—C17 −0.5 (7)
C2—C1—C7—C2i 0.1 (2) C18—N1—C16—C17 −175.6 (6)
C8—C1—C7—C2i 177.11 (13) C19A—N1A—C16A—O3A −1 (3)
C7—C1—C8—S1 −95.52 (14) C18A—N1A—C16A—O3A 180 (2)
C2—C1—C8—S1 81.56 (14) C19A—N1A—C16A—C17A −180 (3)
C9—S1—C8—C1 178.13 (9) C18A—N1A—C16A—C17A 0 (3)
C8—S1—C9—C10 −11.00 (14) C23—N2—C20—O4 −174.3 (3)
C8—S1—C9—C14 169.14 (11) C22—N2—C20—O4 4.3 (4)
C14—C9—C10—C11 1.3 (2) C23—N2—C20—C21 5.4 (5)
S1—C9—C10—C11 −178.57 (12) C22—N2—C20—C21 −175.9 (4)
C9—C10—C11—C12 −1.0 (2) C23A—N2A—C20A—O4A −171.1 (13)
C10—C11—C12—C13 −0.5 (2) C22A—N2A—C20A—O4A 0 (2)
C11—C12—C13—C14 1.6 (2) C23A—N2A—C20A—C21A 33.2 (17)
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C12—C13—C14—C9 −1.3 (2) C22A—N2A—C20A—C21A −155.7 (19)
C12—C13—C14—C15 175.77 (13)

Symmetry code: (i) −x+1, −y+1, −z+1.

Hydrogen-bond geometry (Å, º) 

Cg1 is the centroid of the C9–C14 ring of (1).

D—H···A D—H H···A D···A D—H···A

O2—H2···O3Aii 0.84 1.94 2.770 (14) 169
C8—H8B···O4Aiii 0.99 2.48 3.126 (8) 122
C17—H17A···O4iv 0.98 2.62 3.518 (8) 152
C18A—H18D···S1iv 0.98 3.02 3.83 (3) 142
C19A—H19E···O4Aiv 0.98 2.43 3.40 (4) 168
C21—H21C···O1 0.98 2.49 3.422 (7) 158
C22A—H22F···O1 0.98 2.54 3.51 (3) 168
C4—H4···Cg1 0.95 2.76 3.49 135

Symmetry codes: (ii) x−1, y, z; (iii) x+1, y, z; (iv) −x+1, y+1/2, −z+1/2.

4,4′-{[Anthracene-9,10-diylbis(methylene)]bis(oxy)}dibenzoic acid dimethylformamide disolvate (2) 

Crystal data 

C30H22O6·2C3H7NO
Mr = 624.67
Monoclinic, P21/n
a = 10.8761 (10) Å
b = 9.6711 (9) Å
c = 14.8968 (14) Å
β = 100.519 (3)°
V = 1540.6 (2) Å3

Z = 2

F(000) = 660
Dx = 1.347 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 1406 reflections
θ = 2.6–18.7°
µ = 0.10 mm−1

T = 104 K
Plate, clear yellowish yellow
0.26 × 0.19 × 0.16 mm

Data collection 

Bruker APEXII CCD 
diffractometer

φ and ω scans
Absorption correction: multi-scan 

(Olex2; Dolomanov et al., 2009)
Tmin = 0.666, Tmax = 0.745
49734 measured reflections

3169 independent reflections
1669 reflections with I > 2σ(I)
Rint = 0.179
θmax = 26.5°, θmin = 2.1°
h = −13→13
k = −12→12
l = −18→18

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.069
wR(F2) = 0.182
S = 1.02
3169 reflections
211 parameters
0 restraints
Primary atom site location: dual

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0696P)2 + 0.9349P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.31 e Å−3

Δρmin = −0.24 e Å−3
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Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

O1 0.4625 (2) 0.3352 (2) 0.09997 (14) 0.0337 (6)
O2 0.3683 (2) 0.8009 (2) 0.38061 (15) 0.0411 (6)
O3 0.4259 (2) 0.9259 (2) 0.26840 (16) 0.0466 (7)
H3 0.420178 0.991287 0.304515 0.070*
O4 0.4165 (2) 1.1349 (2) 0.37398 (17) 0.0503 (7)
N1 0.3426 (3) 1.1942 (3) 0.50255 (19) 0.0422 (7)
C7 0.3906 (3) 0.0820 (3) −0.0203 (2) 0.0250 (7)
C1 0.4710 (3) 0.0961 (3) 0.0652 (2) 0.0255 (7)
C9 0.4409 (3) 0.4460 (3) 0.1518 (2) 0.0303 (8)
C2 0.5807 (3) 0.0166 (3) 0.0859 (2) 0.0259 (7)
C13 0.3834 (3) 0.5569 (3) 0.2809 (2) 0.0316 (8)
H13 0.353304 0.551391 0.336760 0.038*
C14 0.3968 (3) 0.4365 (3) 0.2335 (2) 0.0313 (8)
H14 0.376246 0.349338 0.256255 0.038*
C6 0.7205 (3) −0.1639 (3) 0.0447 (2) 0.0312 (8)
H6 0.740356 −0.229858 0.002326 0.037*
C8 0.4362 (3) 0.1987 (3) 0.1318 (2) 0.0299 (7)
H8A 0.346404 0.190190 0.134842 0.036*
H8B 0.485761 0.181983 0.193453 0.036*
C3 0.6662 (3) 0.0280 (3) 0.1708 (2) 0.0336 (8)
H3A 0.649564 0.092861 0.215009 0.040*
C15 0.4000 (3) 0.8076 (3) 0.3059 (2) 0.0368 (8)
C12 0.4126 (3) 0.6845 (3) 0.2495 (2) 0.0309 (8)
C10 0.4707 (3) 0.5746 (3) 0.1194 (2) 0.0335 (8)
H10 0.501582 0.580681 0.063815 0.040*
C11 0.4557 (3) 0.6929 (3) 0.1676 (2) 0.0354 (8)
H11 0.474846 0.780492 0.144782 0.042*
C5 0.7977 (3) −0.1500 (4) 0.1261 (2) 0.0378 (8)
H5 0.870193 −0.206227 0.140562 0.045*
C4 0.7702 (3) −0.0514 (4) 0.1897 (2) 0.0410 (9)
H4 0.825451 −0.040790 0.246538 0.049*
C16 0.3683 (3) 1.1049 (4) 0.4424 (3) 0.0443 (9)
H16 0.349206 1.010445 0.450942 0.053*
C17 0.3683 (4) 1.3394 (4) 0.4945 (3) 0.0541 (11)
H17A 0.433156 1.351418 0.457255 0.081*
H17B 0.397436 1.378518 0.555323 0.081*
H17C 0.291892 1.387089 0.465295 0.081*
C18 0.2832 (4) 1.1503 (4) 0.5779 (3) 0.0540 (11)
H18A 0.198205 1.188036 0.569478 0.081*
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H18B 0.331843 1.184320 0.635586 0.081*
H18C 0.279500 1.049111 0.579376 0.081*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

O1 0.0475 (14) 0.0227 (12) 0.0350 (12) −0.0027 (10) 0.0182 (10) −0.0034 (10)
O2 0.0483 (15) 0.0389 (14) 0.0400 (14) −0.0043 (11) 0.0181 (12) −0.0065 (11)
O3 0.0656 (17) 0.0302 (14) 0.0507 (15) −0.0051 (12) 0.0288 (14) −0.0078 (12)
O4 0.0652 (17) 0.0386 (15) 0.0510 (16) −0.0080 (13) 0.0210 (14) −0.0086 (12)
N1 0.0441 (18) 0.0409 (19) 0.0423 (17) 0.0027 (14) 0.0098 (14) −0.0051 (15)
C7 0.0250 (16) 0.0212 (16) 0.0303 (17) −0.0032 (13) 0.0094 (14) 0.0010 (13)
C1 0.0303 (17) 0.0182 (16) 0.0307 (18) −0.0031 (13) 0.0127 (14) 0.0004 (13)
C9 0.0343 (18) 0.0233 (18) 0.0336 (18) −0.0003 (14) 0.0067 (15) −0.0047 (14)
C2 0.0303 (17) 0.0198 (17) 0.0288 (17) −0.0061 (13) 0.0087 (14) 0.0007 (13)
C13 0.0363 (19) 0.0305 (19) 0.0299 (18) −0.0025 (15) 0.0111 (15) −0.0001 (15)
C14 0.0357 (18) 0.0251 (18) 0.0342 (19) −0.0054 (14) 0.0092 (15) 0.0015 (14)
C6 0.0329 (18) 0.0256 (18) 0.0373 (19) 0.0005 (14) 0.0123 (15) 0.0019 (14)
C8 0.0346 (18) 0.0242 (18) 0.0318 (17) −0.0009 (14) 0.0087 (14) 0.0019 (14)
C3 0.0365 (19) 0.034 (2) 0.0316 (19) −0.0036 (16) 0.0103 (15) −0.0064 (15)
C15 0.039 (2) 0.033 (2) 0.041 (2) −0.0043 (16) 0.0153 (17) −0.0025 (17)
C12 0.0315 (18) 0.0288 (19) 0.0338 (18) −0.0002 (14) 0.0096 (14) −0.0025 (15)
C10 0.041 (2) 0.033 (2) 0.0285 (18) −0.0005 (15) 0.0106 (15) −0.0011 (15)
C11 0.042 (2) 0.0290 (19) 0.0372 (19) −0.0008 (15) 0.0112 (16) 0.0018 (16)
C5 0.0330 (19) 0.042 (2) 0.039 (2) 0.0063 (16) 0.0078 (16) 0.0054 (17)
C4 0.035 (2) 0.052 (2) 0.034 (2) 0.0015 (18) 0.0020 (16) −0.0005 (17)
C16 0.042 (2) 0.040 (2) 0.052 (2) −0.0043 (17) 0.0091 (19) −0.0013 (19)
C17 0.075 (3) 0.039 (2) 0.052 (2) 0.004 (2) 0.019 (2) −0.0032 (18)
C18 0.062 (3) 0.057 (3) 0.050 (2) −0.001 (2) 0.026 (2) 0.001 (2)

Geometric parameters (Å, º) 

O1—C9 1.366 (3) C6—C5 1.348 (4)
O1—C8 1.448 (3) C6—H6 0.9500
O2—C15 1.225 (4) C8—H8A 0.9900
O3—C15 1.326 (4) C8—H8B 0.9900
O3—H3 0.8400 C3—C4 1.353 (4)
O4—C16 1.262 (4) C3—H3A 0.9500
N1—C16 1.311 (4) C15—C12 1.477 (4)
N1—C17 1.442 (5) C12—C11 1.387 (4)
N1—C18 1.457 (4) C10—C11 1.377 (4)
C7—C1 1.414 (4) C10—H10 0.9500
C7—C6i 1.435 (4) C11—H11 0.9500
C7—C2i 1.439 (4) C5—C4 1.415 (5)
C1—C2 1.405 (4) C5—H5 0.9500
C1—C8 1.499 (4) C4—H4 0.9500
C9—C14 1.391 (4) C16—H16 0.9500
C9—C10 1.394 (4) C17—H17A 0.9800
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C2—C3 1.431 (4) C17—H17B 0.9800
C13—C12 1.377 (4) C17—H17C 0.9800
C13—C14 1.383 (4) C18—H18A 0.9800
C13—H13 0.9500 C18—H18B 0.9800
C14—H14 0.9500 C18—H18C 0.9800

C9—O1—C8 117.8 (2) C2—C3—H3A 119.2
C15—O3—H3 109.5 O2—C15—O3 123.0 (3)
C16—N1—C17 121.1 (3) O2—C15—C12 123.0 (3)
C16—N1—C18 121.0 (3) O3—C15—C12 114.0 (3)
C17—N1—C18 117.9 (3) C13—C12—C11 119.1 (3)
C1—C7—C6i 121.9 (3) C13—C12—C15 118.6 (3)
C1—C7—C2i 120.0 (3) C11—C12—C15 122.3 (3)
C6i—C7—C2i 118.1 (3) C11—C10—C9 120.2 (3)
C2—C1—C7 120.4 (3) C11—C10—H10 119.9
C2—C1—C8 121.6 (3) C9—C10—H10 119.9
C7—C1—C8 118.1 (3) C10—C11—C12 120.1 (3)
O1—C9—C14 124.4 (3) C10—C11—H11 119.9
O1—C9—C10 115.5 (3) C12—C11—H11 119.9
C14—C9—C10 120.1 (3) C6—C5—C4 119.8 (3)
C1—C2—C3 122.7 (3) C6—C5—H5 120.1
C1—C2—C7i 119.6 (3) C4—C5—H5 120.1
C3—C2—C7i 117.7 (3) C3—C4—C5 120.9 (3)
C12—C13—C14 122.0 (3) C3—C4—H4 119.5
C12—C13—H13 119.0 C5—C4—H4 119.5
C14—C13—H13 119.0 O4—C16—N1 124.9 (3)
C13—C14—C9 118.4 (3) O4—C16—H16 117.6
C13—C14—H14 120.8 N1—C16—H16 117.6
C9—C14—H14 120.8 N1—C17—H17A 109.5
C5—C6—C7i 122.0 (3) N1—C17—H17B 109.5
C5—C6—H6 119.0 H17A—C17—H17B 109.5
C7i—C6—H6 119.0 N1—C17—H17C 109.5
O1—C8—C1 107.4 (2) H17A—C17—H17C 109.5
O1—C8—H8A 110.2 H17B—C17—H17C 109.5
C1—C8—H8A 110.2 N1—C18—H18A 109.5
O1—C8—H8B 110.2 N1—C18—H18B 109.5
C1—C8—H8B 110.2 H18A—C18—H18B 109.5
H8A—C8—H8B 108.5 N1—C18—H18C 109.5
C4—C3—C2 121.6 (3) H18A—C18—H18C 109.5
C4—C3—H3A 119.2 H18B—C18—H18C 109.5

C6i—C7—C1—C2 −178.4 (3) C7i—C2—C3—C4 −0.5 (4)
C2i—C7—C1—C2 1.5 (4) C14—C13—C12—C11 0.5 (5)
C6i—C7—C1—C8 1.0 (4) C14—C13—C12—C15 −177.8 (3)
C2i—C7—C1—C8 −179.1 (2) O2—C15—C12—C13 2.2 (5)
C8—O1—C9—C14 0.8 (4) O3—C15—C12—C13 −177.7 (3)
C8—O1—C9—C10 178.4 (3) O2—C15—C12—C11 −176.1 (3)
C7—C1—C2—C3 179.2 (3) O3—C15—C12—C11 4.0 (5)
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C8—C1—C2—C3 −0.2 (4) O1—C9—C10—C11 −178.3 (3)
C7—C1—C2—C7i −1.5 (4) C14—C9—C10—C11 −0.6 (5)
C8—C1—C2—C7i 179.2 (3) C9—C10—C11—C12 1.0 (5)
C12—C13—C14—C9 0.0 (5) C13—C12—C11—C10 −1.0 (5)
O1—C9—C14—C13 177.6 (3) C15—C12—C11—C10 177.3 (3)
C10—C9—C14—C13 0.1 (5) C7i—C6—C5—C4 −0.6 (5)
C9—O1—C8—C1 −178.3 (2) C2—C3—C4—C5 −0.6 (5)
C2—C1—C8—O1 104.5 (3) C6—C5—C4—C3 1.1 (5)
C7—C1—C8—O1 −74.8 (3) C17—N1—C16—O4 0.2 (5)
C1—C2—C3—C4 178.9 (3) C18—N1—C16—O4 178.0 (3)

Symmetry code: (i) −x+1, −y, −z.

Hydrogen-bond geometry (Å, º) 

Cg2 is the centroid of the C9–C14 ring of (2).

D—H···A D—H H···A D···A D—H···A

O3—H3···O4 0.84 1.74 2.575 (3) 175
C8—H8A···O2ii 0.99 2.54 3.429 (4) 149
C16—H16···O2 0.95 2.31 3.080 (4) 138
C4—H4···Cg2 0.95 3.07 3.96 157

Symmetry code: (ii) −x+1/2, y−1/2, −z+1/2.
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