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In the title compound, C29H25FN2O4, the mean planes of the indole ring systems

(r.m.s. deviations = 0.0107 and 0.0158 Å) are approximately perpendicular to

each other, subtending a dihedral angle of 87.43 (16)�. The 4-fluorophenyl ring is

twisted by 77.6 (2) and 83.0 (2)� with respect to the two indole ring systems. In

the crystal, molecules are linked by N—H� � �O hydrogen bonds, forming layers

parallel to the (001) plane. The layers are linked by C—H� � �� interactions,

forming a supramolecular three-dimensional network.

Structure description

There are abundant bis(indolyl)methane derivatives in various terrestrial and marine

natural resources (Porter et al., 1977; Sundberg, 1996). They are important antibiotics in

the field of pharmaceuticals with diverse activities, such as anticancer, antileishmanial

and antihyperlipidemic (Chang et al., 1999; Ge et al., 1999). On the other hand, they can

also be used as precursors for MRI necrosis avid contrast agents (Ni, 2008). In recent

years, we have reported the synthesis and crystal structures of some similar bis(-

indoly)methane compounds (Sun et al., 2012, 2015; Lu et al., 2014, 2017), and herein we

report on the crystal structure of the title bis(indoly)methane compound.

The molecular structure of the title compound is shown in Fig. 1. The indole ring

systems are nearly perpendicular to each other, making a dihedral angle of 87.43 (16)�.

The 4-fluorophenyl ring (C2–C7) is twisted with respect to the N1/C8–C15 and N2/C19–

C26 indole ring systems, with dihedral angles of 77.6 (2) and 83.0 (2)�, respectively. The

carboxylate groups are inclined to the indole ring systems to which they are attached; the

O1/O2/C15–C17 mean plane is inclined to the indole ring system N1/C8–C15 by 14.2 (2)�,
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while the O3/O4/C26–C28 mean plane is inclined to the indole

ring system N2/C19–C26 by 8.8 (2)�.

In the crystal, molecules are linked by two N—H� � �O

hydrogen bonds, N1—H1A� � �O3i and N2—H2A� � �O1ii (see

Table 1 for details), forming layers parallel to the ab plane

(Fig. 2). There are C—H� � �� interactions present linking the

layers to form a supramolecular three-dimensional network

(Table 2 and Fig. 2).

A search of the Cambridge Structural Database (CSD,

Version 5.39, last update August 2018; Groom et al., 2016)

revealed the presence of ten similar compounds (see

supporting information). Five are dimethyl carboxylates and

five are diethyl carboxylates. In all of these structures the

indole ring systems are almost normal to each other.

Synthesis and crystallization

Ethyl indole-2-carboxylate (1.88 g, 10 mmol) was dissolved in

20 ml ethanol, commercially available 4-fluorobenzaldehyde

(0.62 g, 5 mmol) and concentrated HCl (0.5 ml) were added,

and the mixture was heated to reflux temperature for 2 h. On

completion of the reaction (monitored by TLC; AcOE-

t:hexane = 1:3) the reaction mixture was cooled to room

temperature. The white product obtained was filtered off and

washed thoroughly with ethanol (yield 90%). Colourless

block-like crystals of the title compound suitable for X-ray

diffraction analysis were obtained by slow evaporation of a

solution in ethanol.

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

Cg is the centroid of the C20–C25 ring.

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

N1—H1N� � �O3i 0.86 (5) 2.19 (5) 2.902 (6) 141 (5)
N2—H2N� � �O1ii 0.90 (4) 2.05 (4) 2.891 (5) 156 (4)
C4—H4� � �Cgiii 0.93 2.95 3.696 (17) 138

Symmetry codes: (i) xþ 1
2;�y þ 1

2;�zþ 2; (ii) x; y þ 1; z; (iii) �xþ 1; y� 1
2;�zþ 3

2.

Figure 2
A view along the a axis of the crystal packing of the title compound.
Hydrogen bonds (red) and C—H� � �� interactions (orange) are shown as
dashed lines and arrows, respectively (see Table 1 for details).

Table 2
Experimental details.

Crystal data
Chemical formula C29H25FN2O4

Mr 484.51
Crystal system, space group Orthorhombic, P212121

Temperature (K) 293
a, b, c (Å) 9.959 (2), 10.490 (2), 23.620 (5)
V (Å3) 2467.6 (9)
Z 4
Radiation type Mo K�
� (mm�1) 0.09
Crystal size (mm) 0.30 � 0.20 � 0.10

Data collection
Diffractometer Enraf–Nonius CAD-4
Absorption correction  scan (North et al., 1968)
Tmin, Tmax 0.963, 0.979
No. of measured, independent and

observed [I > 2�(I)] reflections
4526, 4526, 2498

Rint 0.054
(sin �/�)max (Å�1) 0.603

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.057, 0.100, 0.95
No. of reflections 4526
No. of parameters 333
H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

��max, ��min (e Å�3) 0.19, �0.17

Computer programs: CAD-4 EXPRESS (Enraf–Nonius, 1994), XCAD4 (Harms &
Wocadlo, 1995), SHELXS and SHELXTL (Sheldrick, 2008), SHELXL2018/3 (Sheldrick,
2015), PLATON (Spek, 2009) and publCIF (Westrip, 2010).

Figure 1
The molecular structure of the title compound, with the atom labelling.
Displacement ellipsoids are drawn at the 30% probability level.
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Refinement

Crystal data, data collection and structure refinement details

are summarized in Table 2.
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full crystallographic data

IUCrData (2019). 4, x190134    [https://doi.org/10.1107/S2414314619001342]

Diethyl 3,3′-[(4-fluorophenyl)methylidene]bis(1H-indole-2-carboxylate)

Yu-Long Li, Jin Zhou, Kai-Long Zhong, Xing-Hao Shi, Zhi-Yuan Zhang, Hong Jiang and Hong-

Shun Sun

Diethyl 3,3′-[(4-fluorophenyl)methylidene]bis(1H-indole-2-carboxylate) 

Crystal data 

C29H25FN2O4

Mr = 484.51
Orthorhombic, P212121

a = 9.959 (2) Å
b = 10.490 (2) Å
c = 23.620 (5) Å
V = 2467.6 (9) Å3

Z = 4
F(000) = 1016

Dx = 1.304 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 25 reflections
θ = 9–12°
µ = 0.09 mm−1

T = 293 K
Block, colourless
0.30 × 0.20 × 0.10 mm

Data collection 

Enraf–Nonius CAD-4 
diffractometer

Radiation source: fine-focus sealed tube
ω/2θ scans
Absorption correction: ψ scan 

(North et al., 1968)
Tmin = 0.963, Tmax = 0.979
4526 measured reflections
4526 independent reflections

2498 reflections with I > 2σ(I)
Rint = 0.054
θmax = 25.4°, θmin = 1.7°
h = 0→12
k = 0→12
l = −28→28
3 standard reflections every 200 reflections
intensity decay: 1%

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.057
wR(F2) = 0.100
S = 0.95
4526 reflections
333 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
w = 1/[σ2(Fo

2) + (0.0214P)2] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.19 e Å−3

Δρmin = −0.17 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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Refinement. The NH H atoms were located in a difference-Fourier map and freely refined. The C-bound H atom were 
included in calculated positions and constrained to ride on their parent atoms: C—H = 0.93–0.98 Å with Uiso(H) = 
1.5Ueq(C-methyl) and 1.2Ueq(C) for other H atoms.

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

x y z Uiso*/Ueq

F1 0.5636 (4) 0.1711 (4) 0.66324 (15) 0.0980 (14)
O1 0.7624 (4) −0.0077 (3) 0.93583 (16) 0.0616 (12)
O2 0.6161 (4) 0.1470 (3) 0.91517 (17) 0.0651 (12)
N1 0.9673 (5) 0.1679 (5) 0.94094 (19) 0.0439 (13)
H1N 0.987 (5) 0.095 (5) 0.954 (2) 0.049 (18)*
N2 0.7457 (5) 0.7375 (4) 0.8897 (2) 0.0440 (12)
H2N 0.732 (4) 0.807 (4) 0.9111 (17) 0.035 (14)*
C1 0.7254 (5) 0.3859 (4) 0.8707 (2) 0.0379 (13)
H1 0.649319 0.372414 0.896271 0.045*
C2 0.6851 (5) 0.3247 (5) 0.8145 (2) 0.0381 (13)
O3 0.6074 (4) 0.4948 (3) 0.97917 (15) 0.0553 (11)
C3 0.5596 (6) 0.3537 (6) 0.7911 (2) 0.0624 (18)
H3 0.502862 0.409795 0.809991 0.075*
O4 0.6270 (4) 0.7051 (3) 0.98935 (17) 0.0668 (13)
C4 0.5187 (7) 0.3012 (6) 0.7411 (3) 0.078 (2)
H4 0.434629 0.320404 0.726181 0.094*
C5 0.6028 (7) 0.2204 (6) 0.7134 (3) 0.0608 (17)
C6 0.7254 (6) 0.1904 (6) 0.7342 (2) 0.0598 (17)
H6 0.781467 0.135526 0.714229 0.072*
C7 0.7670 (6) 0.2414 (5) 0.7849 (2) 0.0494 (15)
H7 0.850681 0.219665 0.799467 0.059*
C8 0.8450 (5) 0.3205 (4) 0.8985 (2) 0.0348 (13)
C9 0.9815 (5) 0.3630 (4) 0.9038 (2) 0.0357 (13)
C10 1.0527 (6) 0.4752 (5) 0.8890 (2) 0.0478 (15)
H10 1.009579 0.543523 0.871643 0.057*
C11 1.1868 (6) 0.4796 (5) 0.9009 (2) 0.0574 (17)
H11 1.235035 0.551600 0.890298 0.069*
C12 1.2549 (6) 0.3806 (6) 0.9284 (2) 0.0563 (16)
H12 1.346086 0.388751 0.936085 0.068*
C13 1.1892 (5) 0.2732 (5) 0.9437 (2) 0.0478 (15)
H13A 1.233611 0.207052 0.962106 0.057*
C14 1.0537 (6) 0.2649 (5) 0.9312 (2) 0.0380 (13)
C15 0.8417 (5) 0.2013 (5) 0.9215 (2) 0.0396 (14)
C16 0.7380 (6) 0.1042 (5) 0.9252 (2) 0.0509 (16)
C17 0.5058 (6) 0.0545 (6) 0.9165 (3) 0.083 (2)
H17A 0.537365 −0.026322 0.931406 0.100*
H17B 0.434133 0.085282 0.940774 0.100*
C18 0.4579 (9) 0.0384 (8) 0.8605 (3) 0.131 (3)
H18A 0.385431 −0.021928 0.860357 0.197*
H18B 0.426483 0.118771 0.846183 0.197*
H18C 0.529320 0.007594 0.836852 0.197*
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C19 0.7419 (5) 0.5290 (4) 0.8659 (2) 0.0348 (12)
C20 0.7909 (5) 0.6024 (5) 0.8180 (2) 0.0389 (13)
C21 0.8318 (5) 0.5744 (5) 0.7625 (2) 0.0537 (16)
H21 0.831429 0.490806 0.749410 0.064*
C22 0.8716 (6) 0.6706 (6) 0.7285 (2) 0.0622 (18)
H22 0.897897 0.652506 0.691606 0.075*
C23 0.8740 (6) 0.7945 (6) 0.7471 (3) 0.068 (2)
H23A 0.902965 0.857419 0.722241 0.082*
C24 0.8358 (5) 0.8300 (5) 0.8008 (2) 0.0541 (17)
H24 0.838931 0.914251 0.813037 0.065*
C25 0.7920 (6) 0.7313 (5) 0.8355 (2) 0.0460 (15)
C26 0.7135 (5) 0.6151 (4) 0.9070 (2) 0.0374 (13)
C27 0.6450 (5) 0.5951 (5) 0.9619 (2) 0.0435 (14)
C28 0.5525 (7) 0.7020 (6) 1.0417 (3) 0.077 (2)
H28A 0.475881 0.645796 1.037384 0.092*
H28B 0.518857 0.786799 1.049915 0.092*
C29 0.6336 (8) 0.6584 (6) 1.0891 (3) 0.104 (3)
H29A 0.580037 0.657879 1.122901 0.157*
H29B 0.665637 0.573769 1.081584 0.157*
H29C 0.708604 0.714744 1.094113 0.157*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

F1 0.092 (3) 0.127 (3) 0.076 (3) −0.010 (3) −0.026 (2) −0.042 (3)
O1 0.064 (3) 0.0255 (19) 0.096 (3) −0.004 (2) −0.011 (2) 0.011 (2)
O2 0.047 (2) 0.043 (2) 0.105 (4) −0.002 (2) −0.006 (3) 0.011 (2)
N1 0.053 (3) 0.032 (3) 0.046 (3) 0.002 (3) −0.002 (2) 0.001 (2)
N2 0.046 (3) 0.031 (3) 0.055 (3) −0.002 (3) 0.008 (3) 0.001 (3)
C1 0.037 (3) 0.029 (3) 0.048 (3) −0.003 (3) 0.000 (3) −0.002 (3)
C2 0.031 (3) 0.037 (3) 0.046 (3) 0.001 (3) 0.002 (3) 0.001 (3)
O3 0.078 (3) 0.034 (2) 0.055 (3) −0.011 (2) 0.019 (2) 0.0016 (19)
C3 0.054 (4) 0.071 (4) 0.062 (4) 0.014 (4) −0.017 (4) −0.016 (4)
O4 0.100 (3) 0.037 (2) 0.064 (3) −0.010 (2) 0.034 (3) −0.015 (2)
C4 0.060 (5) 0.099 (6) 0.076 (5) 0.002 (5) −0.034 (4) −0.013 (4)
C5 0.061 (4) 0.071 (4) 0.050 (4) −0.007 (4) −0.004 (4) −0.020 (3)
C6 0.061 (4) 0.071 (4) 0.047 (4) 0.012 (4) 0.002 (3) −0.012 (3)
C7 0.043 (4) 0.054 (3) 0.051 (4) 0.011 (3) −0.004 (3) −0.012 (3)
C8 0.043 (3) 0.026 (3) 0.035 (3) 0.002 (3) 0.003 (3) −0.001 (2)
C9 0.041 (3) 0.034 (3) 0.032 (3) 0.001 (3) 0.004 (3) 0.001 (2)
C10 0.051 (4) 0.043 (3) 0.049 (4) −0.013 (3) −0.006 (3) 0.011 (3)
C11 0.060 (4) 0.055 (4) 0.057 (4) −0.021 (3) −0.010 (3) 0.004 (3)
C12 0.045 (4) 0.067 (4) 0.057 (4) 0.001 (4) −0.013 (3) −0.005 (3)
C13 0.037 (4) 0.049 (4) 0.058 (4) 0.003 (3) −0.002 (3) 0.004 (3)
C14 0.047 (3) 0.034 (3) 0.033 (3) 0.007 (3) −0.001 (3) −0.002 (2)
C15 0.047 (4) 0.036 (3) 0.036 (3) 0.006 (3) 0.001 (3) −0.001 (3)
C16 0.058 (4) 0.036 (3) 0.059 (4) 0.004 (4) 0.009 (3) 0.004 (3)
C17 0.069 (5) 0.066 (5) 0.114 (7) −0.008 (4) 0.002 (5) 0.007 (5)
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C18 0.147 (9) 0.150 (8) 0.097 (7) −0.053 (7) 0.005 (6) −0.019 (6)
C19 0.029 (3) 0.036 (3) 0.040 (3) 0.001 (3) −0.001 (3) 0.000 (3)
C20 0.037 (3) 0.038 (3) 0.042 (3) 0.004 (3) −0.003 (3) 0.012 (3)
C21 0.060 (4) 0.052 (3) 0.049 (4) −0.006 (3) 0.011 (3) 0.004 (3)
C22 0.068 (5) 0.071 (4) 0.047 (4) −0.006 (4) 0.014 (3) 0.013 (4)
C23 0.051 (4) 0.085 (5) 0.069 (5) −0.015 (4) 0.000 (4) 0.047 (4)
C24 0.050 (4) 0.047 (3) 0.065 (4) 0.002 (3) −0.003 (3) 0.031 (3)
C25 0.042 (4) 0.041 (3) 0.055 (4) 0.001 (3) 0.002 (3) 0.012 (3)
C26 0.036 (3) 0.027 (3) 0.049 (4) −0.004 (3) 0.003 (3) 0.008 (3)
C27 0.040 (4) 0.033 (3) 0.058 (4) −0.002 (3) 0.000 (3) −0.003 (3)
C28 0.094 (6) 0.061 (4) 0.077 (5) −0.001 (4) 0.039 (5) −0.017 (4)
C29 0.170 (8) 0.076 (5) 0.068 (5) −0.010 (6) 0.000 (5) −0.018 (4)

Geometric parameters (Å, º) 

F1—C5 1.350 (6) C11—C12 1.400 (7)
O1—C16 1.225 (5) C11—H11 0.9300
O2—C16 1.316 (6) C12—C13 1.353 (7)
O2—C17 1.466 (7) C12—H12 0.9300
N1—C14 1.351 (7) C13—C14 1.384 (7)
N1—C15 1.379 (6) C13—H13A 0.9300
N1—H1N 0.86 (5) C15—C16 1.453 (7)
N2—C25 1.362 (6) C17—C18 1.418 (8)
N2—C26 1.384 (5) C17—H17A 0.9700
N2—H2N 0.90 (4) C17—H17B 0.9700
C1—C19 1.514 (6) C18—H18A 0.9600
C1—C8 1.524 (6) C18—H18B 0.9600
C1—C2 1.528 (6) C18—H18C 0.9600
C1—H1 0.9800 C19—C26 1.356 (6)
C2—C7 1.385 (6) C19—C20 1.453 (6)
C2—C3 1.400 (7) C20—C21 1.404 (7)
O3—C27 1.190 (5) C20—C25 1.414 (6)
C3—C4 1.365 (7) C21—C22 1.350 (7)
C3—H3 0.9300 C21—H21 0.9300
O4—C27 1.336 (5) C22—C23 1.372 (8)
O4—C28 1.443 (6) C22—H22 0.9300
C4—C5 1.359 (8) C23—C24 1.376 (8)
C4—H4 0.9300 C23—H23A 0.9300
C5—C6 1.354 (7) C24—C25 1.391 (7)
C6—C7 1.376 (7) C24—H24 0.9300
C6—H6 0.9300 C26—C27 1.479 (7)
C7—H7 0.9300 C28—C29 1.453 (8)
C8—C15 1.363 (6) C28—H28A 0.9700
C8—C9 1.437 (6) C28—H28B 0.9700
C9—C14 1.413 (6) C29—H29A 0.9600
C9—C10 1.419 (6) C29—H29B 0.9600
C10—C11 1.365 (6) C29—H29C 0.9600
C10—H10 0.9300
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C16—O2—C17 117.5 (4) N1—C15—C16 116.5 (5)
C14—N1—C15 109.3 (5) O1—C16—O2 123.1 (5)
C14—N1—H1N 126 (4) O1—C16—C15 122.9 (6)
C15—N1—H1N 124 (4) O2—C16—C15 113.9 (5)
C25—N2—C26 108.2 (4) C18—C17—O2 108.1 (6)
C25—N2—H2N 128 (3) C18—C17—H17A 110.1
C26—N2—H2N 124 (3) O2—C17—H17A 110.1
C19—C1—C8 113.2 (4) C18—C17—H17B 110.1
C19—C1—C2 112.4 (4) O2—C17—H17B 110.1
C8—C1—C2 113.0 (4) H17A—C17—H17B 108.4
C19—C1—H1 105.8 C17—C18—H18A 109.5
C8—C1—H1 105.8 C17—C18—H18B 109.5
C2—C1—H1 105.8 H18A—C18—H18B 109.5
C7—C2—C3 117.6 (5) C17—C18—H18C 109.5
C7—C2—C1 123.3 (5) H18A—C18—H18C 109.5
C3—C2—C1 119.1 (5) H18B—C18—H18C 109.5
C4—C3—C2 121.3 (6) C26—C19—C20 105.9 (4)
C4—C3—H3 119.3 C26—C19—C1 125.8 (5)
C2—C3—H3 119.3 C20—C19—C1 128.3 (5)
C27—O4—C28 117.8 (4) C21—C20—C25 118.1 (5)
C5—C4—C3 118.9 (6) C21—C20—C19 135.5 (5)
C5—C4—H4 120.5 C25—C20—C19 106.4 (5)
C3—C4—H4 120.5 C22—C21—C20 119.0 (5)
F1—C5—C6 119.3 (6) C22—C21—H21 120.5
F1—C5—C4 118.9 (6) C20—C21—H21 120.5
C6—C5—C4 121.8 (6) C21—C22—C23 121.5 (6)
C5—C6—C7 119.8 (6) C21—C22—H22 119.2
C5—C6—H6 120.1 C23—C22—H22 119.2
C7—C6—H6 120.1 C22—C23—C24 123.2 (6)
C6—C7—C2 120.5 (5) C22—C23—H23A 118.4
C6—C7—H7 119.8 C24—C23—H23A 118.4
C2—C7—H7 119.8 C23—C24—C25 115.4 (6)
C15—C8—C9 105.8 (4) C23—C24—H24 122.3
C15—C8—C1 124.5 (5) C25—C24—H24 122.3
C9—C8—C1 129.6 (4) N2—C25—C24 128.7 (5)
C14—C9—C10 117.6 (5) N2—C25—C20 108.5 (5)
C14—C9—C8 107.2 (4) C24—C25—C20 122.8 (5)
C10—C9—C8 135.2 (5) C19—C26—N2 111.0 (4)
C11—C10—C9 117.7 (5) C19—C26—C27 128.9 (5)
C11—C10—H10 121.1 N2—C26—C27 119.8 (5)
C9—C10—H10 121.1 O3—C27—O4 123.7 (5)
C10—C11—C12 123.1 (6) O3—C27—C26 124.9 (5)
C10—C11—H11 118.5 O4—C27—C26 111.4 (5)
C12—C11—H11 118.5 O4—C28—C29 112.4 (6)
C13—C12—C11 120.5 (5) O4—C28—H28A 109.1
C13—C12—H12 119.7 C29—C28—H28A 109.1
C11—C12—H12 119.7 O4—C28—H28B 109.1
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C12—C13—C14 117.8 (6) C29—C28—H28B 109.1
C12—C13—H13A 121.1 H28A—C28—H28B 107.8
C14—C13—H13A 121.1 C28—C29—H29A 109.5
N1—C14—C13 129.2 (5) C28—C29—H29B 109.5
N1—C14—C9 107.6 (5) H29A—C29—H29B 109.5
C13—C14—C9 123.2 (5) C28—C29—H29C 109.5
C8—C15—N1 110.1 (5) H29A—C29—H29C 109.5
C8—C15—C16 133.2 (5) H29B—C29—H29C 109.5

C19—C1—C2—C7 114.2 (5) C17—O2—C16—O1 −0.6 (9)
C8—C1—C2—C7 −15.5 (7) C17—O2—C16—C15 178.4 (5)
C19—C1—C2—C3 −65.7 (6) C8—C15—C16—O1 162.6 (6)
C8—C1—C2—C3 164.7 (5) N1—C15—C16—O1 −11.9 (8)
C7—C2—C3—C4 0.4 (9) C8—C15—C16—O2 −16.5 (9)
C1—C2—C3—C4 −179.8 (6) N1—C15—C16—O2 169.1 (5)
C2—C3—C4—C5 −0.7 (10) C16—O2—C17—C18 −110.4 (7)
C3—C4—C5—F1 −178.3 (6) C8—C1—C19—C26 −84.1 (6)
C3—C4—C5—C6 0.2 (11) C2—C1—C19—C26 146.4 (5)
F1—C5—C6—C7 179.2 (5) C8—C1—C19—C20 95.4 (6)
C4—C5—C6—C7 0.6 (10) C2—C1—C19—C20 −34.1 (8)
C5—C6—C7—C2 −1.0 (9) C26—C19—C20—C21 −177.0 (6)
C3—C2—C7—C6 0.5 (8) C1—C19—C20—C21 3.5 (10)
C1—C2—C7—C6 −179.3 (5) C26—C19—C20—C25 1.8 (6)
C19—C1—C8—C15 161.4 (5) C1—C19—C20—C25 −177.8 (5)
C2—C1—C8—C15 −69.4 (6) C25—C20—C21—C22 0.7 (9)
C19—C1—C8—C9 −22.3 (7) C19—C20—C21—C22 179.4 (6)
C2—C1—C8—C9 106.9 (5) C20—C21—C22—C23 0.6 (10)
C15—C8—C9—C14 −0.9 (5) C21—C22—C23—C24 −0.6 (10)
C1—C8—C9—C14 −177.7 (5) C22—C23—C24—C25 −0.8 (9)
C15—C8—C9—C10 179.9 (5) C26—N2—C25—C24 179.9 (6)
C1—C8—C9—C10 3.1 (9) C26—N2—C25—C20 −0.7 (6)
C14—C9—C10—C11 1.5 (7) C23—C24—C25—N2 −178.5 (5)
C8—C9—C10—C11 −179.4 (5) C23—C24—C25—C20 2.2 (8)
C9—C10—C11—C12 −1.9 (8) C21—C20—C25—N2 178.3 (5)
C10—C11—C12—C13 1.1 (9) C19—C20—C25—N2 −0.7 (6)
C11—C12—C13—C14 0.2 (8) C21—C20—C25—C24 −2.2 (9)
C15—N1—C14—C13 180.0 (5) C19—C20—C25—C24 178.8 (5)
C15—N1—C14—C9 −0.9 (6) C20—C19—C26—N2 −2.3 (6)
C12—C13—C14—N1 178.5 (5) C1—C19—C26—N2 177.3 (5)
C12—C13—C14—C9 −0.5 (8) C20—C19—C26—C27 171.5 (5)
C10—C9—C14—N1 −179.5 (4) C1—C19—C26—C27 −8.9 (9)
C8—C9—C14—N1 1.1 (6) C25—N2—C26—C19 1.9 (6)
C10—C9—C14—C13 −0.3 (7) C25—N2—C26—C27 −172.5 (5)
C8—C9—C14—C13 −179.7 (5) C28—O4—C27—O3 −2.8 (9)
C9—C8—C15—N1 0.4 (6) C28—O4—C27—C26 175.6 (5)
C1—C8—C15—N1 177.4 (4) C19—C26—C27—O3 2.8 (9)
C9—C8—C15—C16 −174.3 (5) N2—C26—C27—O3 176.1 (5)
C1—C8—C15—C16 2.6 (9) C19—C26—C27—O4 −175.6 (5)
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C14—N1—C15—C8 0.3 (6) N2—C26—C27—O4 −2.2 (7)
C14—N1—C15—C16 176.0 (4) C27—O4—C28—C29 79.4 (7)

Hydrogen-bond geometry (Å, º) 

Cg is the centroid of the C20–C25 ring.

D—H···A D—H H···A D···A D—H···A

N1—H1N···O3i 0.86 (5) 2.19 (5) 2.902 (6) 141 (5)
N2—H2N···O1ii 0.90 (4) 2.05 (4) 2.891 (5) 156 (4)
C4—H4···Cgiii 0.93 2.95 3.696 (17) 138

Symmetry codes: (i) x+1/2, −y+1/2, −z+2; (ii) x, y+1, z; (iii) −x+1, y−1/2, −z+3/2.


