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The title N-heterocyclic carbene compound, C, Hp,oN, -
2PF¢, crystallizes as an inversion twin. There are two
independent N-heterocyclic carbene dications (A and B) and
four independent hexafluorophosphate anions in the asym-
metric unit. The cations are L-shaped with the benzene rings
being inclined to one another by 88.82 (16)° in cation A and
87.03 (16)° in cation B. The imidazole rings make dihedral
angles of 35.7 (2) and 32.83 (18)° with the attached benzene
rings in cation A, and 30.14 (19) and 31.96 (18)° in cation B. In
the crystal, the cations are linked via C—H---F hydrogen
bonds, forming a three-dimensional network. 7—m interactions
involving the benzene and imidazole rings [centroid—centroid
distances = 3.602 (2) and 3.723 (2) A] and C—H.- - -7 inter-
actions are also present.

Related literature

For details of the first free carbenes isolated, see: Arduengo et
al. (1991). For the role of N-heterocyclic carbene ligands in
organometallic chemistry, see: Lin et al (2009). For the
synthesis of the title compound, see: Austin et al. (1981); Wei et
al. (2008). For a related structure, see: Pinto et al. (2009). For
standard bond lengths, see: Allen er al. (1987).

N - N
P 2PFg N

Experimental

Crystal data

Cy H,,N > 2PFg ™

M, = 620.37
Orthorhombic, £2,2,2,
a =11.5645 (19) A

b =13.690 (2) A
c=31.188 (5) A
V =4937.6 (13) A®
Z=8

Mo K« radiation T=113K
i =029 mm' 0.20 x 0.18 x 0.12 mm

Data collection

42536 measured reflections
11808 independent reflections
10632 reflections with I > 20(I)
Rine = 0.064

Rigaku Saturn CCD area-detector
diffractometer

Absorption correction: multi-scan
(CrystalClear; Rigaku/MSC, 2004
T'min = 0.945, T'ax = 0.966

Refinement

R[F? > 20(F?%)] = 0.060

WR(F?) = 0.142

S =1.08

11808 reflections

708 parameters

H-atom parameters constrained

Apmax = 049 ¢ A7

Apmin = —0.53 ¢ A2

Absolute structure: Flack (1983),
5268 Friedel pairs

Flack parameter: 0.50 (9)

Table 1 .
Hydrogen-bond geometry (A, °).

Cg3 and Cg7 are the centroids of the C5-C10 and C26—C31 rings, respectively.

D—H---A D—H H---A D---A D—H---A
C1—HI1A. - F11' 0.98 2.50 3.345 (5) 144
C2—H2- - -FY' 0.95 2.32 3.243 (5) 163
C3—H3- - -F8 0.95 2.38 3.322 (5) 170
C4—H4- - F19" 0.95 2.50 3.369 (5) 152
C11—H11B---F6 0.99 2.40 3271 (4) 146
C16—H16- - -F10 0.95 2.43 3.098 (5) 128
C18—H18: - F12 0.95 242 3.315 (4) 156
C20—H20- - -F20"" 0.95 2.38 3.284 (4) 160
C20—H20. - -F21 0.95 2.55 3.123 (5) 119
C21—H21B- - -F4" 0.98 242 3.269 (5) 144
C22—H22C- - -F1" 0.98 2.35 3.074 (5) 130
C22—H22C- - -F17" 0.98 2.38 3.239 (5) 146
C23—H23.--F13" 0.95 2.40 3.330 (5) 167
C24—H24. - F14" 0.95 2.48 3.086 (4) 122
C24—H24- - F17" 0.95 2.49 3.374 (5) 155
C30—H30- - -F4" 0.95 2.52 3.024 (4) 114
C34—H34- - F24' 0.95 2.43 3.289 (4) 150
C38—H38. - -F231" 0.95 2.53 3.262 (5) 134
C39—H39- - -F16" 0.95 2.45 3.289 (4) 147
C41—H41. - -F21 0.95 2.39 3.229 (4) 147
C42—H42B- - F22" 0.98 2.35 3217 (4) 147
Cl1—HI1B---CgT™" 0.98 2.55 3.387 (5) 144
C25—H25---Cg3" 0.95 2.96 3.805 (4) 149
Symmetry codes: (i) x —1,y,z; (i) —x+ 1,y +3 —z+5% (i) x =3 —y+1 —z; (iv)

xy—1,z() —x+1,y =L —z+L (i) x— 1,y —1,z (vii) —x,y +1, —z +1.

Data collection: CrystalClear (Rigaku/MSC, 2004); cell refinement:
CrystalClear; data reduction: CrystalClear; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: CrystalStructure (Rigaku/MSC, 2004).

The authors thank the Scientific Researching Fund Projects
of China West Normal University (grant No. 06B003) and the
Youth Fund Projects of Sichuan Educational Department
(grant No. 2006B039).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SU2188).
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3,3'-Dimethyl-1,1'-(methylenedi-p-phenylene)diimidazolium bis(hexafluorophosphate)

K. Huang, P. Zhang and D.-B. Qin

Comment

Since the first free carbene was isolated by (Arduengo et al., 1991), N-heterocyclic carbene (NHC) ligands have gradually
take up important roles in organometallic chemistry (Lin et al., 2009). Herein we report on the crystal structure of the title

N-heterocyclic carbene compound.

The molecular structures of the two independent N-heterocyclic carbene dications (cation A and cation B) are illustrated
in Fig. 1. The bond lengths (Allen et al., 1987) and angles are within normal ranges. In the cations the benzene rings make
dihedral angles of 88.82 (16) ° in cation A and 87.03 (16) ° in cation B. The imidazole rings are twisted with respect to
the attached benzene rings being inclined to one another by 35.7 (2)° and 32.83 (18)° in cation A and 30.14 (19)° and
31.96 (18)° in cation B.

In the crystal there is an extensive arrangement of C—H---F hydrogen bonds, which not only stabilizes the molecular
structure but also link the cations (Table 1 and Fig. 2) to form a three-dimensional network. There are also n—n interactions
involving rings N3/C18/N4/C19/C20 and C26—C31 [symmetry code: X, y, z], with the ring centroids being separated by
3.602 (2) A, and rings C5-C10 and N7/C39/N8/C40/C41 [symmetry code: x, y+1, z] with ring centroids separated by
3.723 (2) A. In addition C—H-m interactions, involving the imidazole and benzene rings, are also present (Table 1).

Experimental

The title compound was prepared according to the reported procedures (Austin et al., 1981; Wei et al., 2008). Colourless
single crystals suitable for X-ray diffraction were obtained by recrystallization from acetonitrile and ethyl ether (v:iv =1:1).
Refinement

The structure was refined as an inversion twin with the final refined Flack factor being 0.50 (9). H-atoms were placed in
calculated positions with C—H = 0.95-0.99 A, and refined in the riding mode with Ujso(H) = 1.2 Ueq(O).

Figures

Fig. 1. A view of the molecular structures of the two independent cations (A and B) of the
title compound. The displacement ellipsoids are drawn at 30% probability level. C-bound H
atoms and hexafluorophosphate anions have been omitted for clarity.
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Fig. 2. Crystal packing of the title compound, view along the a axis, showing the cations and
anions linked via C-H:-'F interactions (dashed lines), so forming a three-dimensional network.

3,3'-Dimethyl-1,1'-(methylenedi-p-phenylene)diimidazolium bis(hexafluorophosphate)

Crystal data

Ca1HoN4* 2PFg~

M, =620.37
Orthorhombic, P21212;
Hall symbol: P 2ac 2ab
a=11.5645(19) A
h=13.690 (2) A
c=31.188 (5) A
V'=4937.6 (13) A*
Z=18

Data collection

Rigaku Saturn CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

multilayer

Detector resolution: 14.63 pixels mm’'
o and ¢ scans

Absorption correction: multi-scan
(CrystalClear; Rigaku/MSC, 2004

Tnin = 0.945, Trnax = 0.966

42536 measured reflections

Refinement
Refinement on 7~

Least-squares matrix: full
R[F* > 26(F?)] = 0.060
WR(F?) =0.142

§=1.08

F(000)=2512
Dy=1.669 Mgm >
Mo Ko radiation, A =0.71073 A

Cell parameters from 17727 reflections

0=1.6-27.9°
p=0.29 mm’!
T=113K

Prism, colourless
0.20 x 0.18 x 0.12 mm

11808 independent reflections

10632 reflections with /> 2o([)
Rint=0.064

Omax = 27.9°, Opin = 1.6°
h=-11-15

k=-16—18

[=-41-38

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained

w = 1/[6*(Fo?) + (0.0571P)> + 1.7414P]
where P = (F,> + 2F.)/3

(A/6)max < 0.001
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11808 reflections APmax =049 ¢ A3

708 parameters APmin=-0.53 ¢ A

0 restraints Absolute structure: Flack (1983), 5268 Friedel pairs
Primary atom site location: structure-invariant direct Flack parameter: 0.50 (9)

methods

Special details

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the
variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and tor-
sion angles

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> 25igma(F2) is used only for calculat-

ing R-factors(gt) etc. 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 y z Uiso*/Ueq
N1 —0.0473 (3) 0.6747 (3) 0.28054 (10) 0.0401 (10)
N2 0.0564 (3) 0.7088 (2) 0.22569 (9) 0.0292 (8)
N3 0.5528 (2) 0.32968 (19) 0.05976 (8) 0.0254 (8)
N4 0.6505 (2) 0.21221 (19) 0.08809 (9) 0.0285 (8)
Cl —0.1278 (4) 0.6224 (4) 0.30890 (13) 0.0533 (14)
2 —0.0293 (3) 0.6515 (3) 0.23960 (12) 0.0333 (11)
c3 0.0923 (4) 0.7690 (3) 0.25863 (12) 0.0383 (11)
c4 0.0270 (4) 0.7479 (3) 0.29267 (12) 0.0406 (11)
(& 0.1090 (3) 0.7018 (2) 0.18380 (10) 0.0259 (9)
C6 0.1196 (3) 0.6104 (2) 0.16471 (11) 0.0309 (10)
c7 0.1750 (3) 0.6042 (2) 0.12554 (11) 0.0333 (10)
C8 0.2194 (3) 0.6858 (2) 0.10487 (11) 0.0273 (9)
C9 0.2088 (3) 0.7760 (2) 0.12527 (11) 0.0291 (10)
C10 0.1522 (3) 0.7850 (3) 0.16437 (11) 0.0323 (10)
cl1 0.2783 (3) 0.6772 (3) 0.06154 (11) 0.0318 (10)
C12 0.3544 (3) 0.5880 (2) 0.05757 (10) 0.0267 (9)
C13 0.3195 (3) 0.5064 (2) 0.03432 (10) 0.0310 (10)
Cl4 0.3854 (3) 0.4226 (2) 0.03363 (11) 0.0296 (10)
C15 0.4886 (3) 0.4192 (2) 0.05605 (10) 0.0240 (8)
C16 0.5287 (3) 0.5010 (2) 0.07769 (12) 0.0328 (10)
C17 0.4601 (3) 0.5841 (3) 0.07841 (12) 0.0324 (10)
C18 0.6112 (3) 0.3015 (2) 0.09451 (11) 0.0279 (9)
C19 0.6158 (3) 0.1818 (2) 0.04820 (11) 0.0314 (10)
C20 0.5551 (3) 0.2539 (2) 0.03025 (10) 0.0294 (10)
C21 0.7228 (4) 0.1568 (3) 0.11954 (13) 0.0406 (11)
N5 0.5227 (3) 0.2547 (2) 0.28123 (9) 0.0338 (9)
N6 0.4818 (2) 0.21150 (19) 0.21667 (9) 0.0266 (8)
N7 —0.0206 (2) —0.17354 (18) 0.05923 (8) 0.0237 (8)
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N8
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
P1
F1
F2
F3
F4
F5
F6
P2
F7
F8
F9
F10
F11
F12
P3
F13
F14
F15
F16
F17
F18
P4
F19
F20
F21
F22
F23

~0.1168 (3)
0.5202 (4)
0.4504 (3)
0.5762 (3)
0.6009 (3)
0.4238 (3)
0.3690 (3)
0.3108 (3)
0.3095 (3)
0.3663 (3)
0.4231 (3)
0.2481 (3)
0.1731 (3)
0.0685 (3)
0.0022 (3)
0.0411 (3)
0.1420 (3)
0.2076 (3)
~0.0779 (3)
~0.0822 (3)
-0.0228 (3)
~0.1874 (3)
0.61677 (8)
0.6708 (2)
0.6730 (2)
0.5659 (2)
0.5614 (2)
0.7322 (2)
0.5023 (2)
0.66813 (9)
0.5352 (2)
0.7010 (3)
0.8030 (2)
0.6398 (3)
0.6758 (3)
0.6634 (2)
0.83051 (8)
0.7940 (3)
0.8124 (2)
0.8668 (3)
0.8492 (3)
0.6998 (2)
0.9615 (2)
0.93255 (9)
0.8584 (2)
0.8867 (2)
1.0041 (4)
0.9790 (2)
0.8254 (3)

~0.29169 (19)
0.3061 (4)
0.2705 (3)
0.1566 (3)
0.1841 (3)
0.2047 (2)
0.2853 (2)
0.2758 (2)
0.1870 (2)
0.1080 (2)
0.1153 (3)
0.1767 (2)
0.0865 (2)
0.0825 (2)
~0.0010 (2)
~0.0836 (2)
~0.0816 (2)
0.0044 (2)
-0.2017 (2)
~0.3235 (2)
~0.2503 (2)
~0.3460 (2)
0.88387 (6)
0.83513 (17)
0.79921 (17)
0.93295 (16)
0.96690 (17)
0.94752 (19)
0.82036 (17)
0.47668 (7)
0.4707 (2)
0.4328 (2)
0.48195 (17)
0.5190 (2)
0.58452 (17)
0.36775 (17)
0.94635 (7)
0.8980 (2)
1.05208 (17)
0.9915 (2)
0.84028 (19)
0.94487 (17)
0.94825 (18)
0.37704 (7)
0.34663 (19)
0.28285 (16)
0.4072 (3)
0.47003 (16)
0.4369 (2)

0.08910 (9)
0.32176 (12)
0.24893 (10)
0.22969 (12)
0.26999 (12)
0.17611 (10)
0.15914 (11)
0.12021 (10)
0.09819 (10)
0.11633 (11)
0.15498 (12)
0.05534 (11)
0.05303 (10)
0.07502 (11)
0.07627 (11)
0.05510 (10)
0.03128 (10)
0.03039 (11)
0.09465 (10)
0.04900 (11)
0.03027 (10)
0.12033 (13)
0.06933 (3)
0.11089 (7)
0.04033 (7)
0.02705 (7)
0.09819 (7)
0.06358 (8)
0.07381 (8)
0.21334 (3)
0.22527 (11)
0.25867 (8)
0.20214 (8)
0.16774 (9)
0.23195 (9)
0.19490 (8)
0.21464 (3)
0.25859 (8)
0.23341 (9)
0.16996 (8)
0.19490 (10)
0.19868 (8)
0.23005 (9)
0.07805 (3)
0.11796 (7)
0.05298 (7)
0.03809 (11)
0.10268 (8)
0.06109 (11)

0.0276 (8)
0.0528 (15)
0.0287 (10)
0.0326 (10)
0.0350 (10)
0.0259 (9)
0.0280 (9)
0.0256 (9)
0.0250 (9)
0.0315 (10)
0.0326 (10)
0.0283 (10)
0.0245 (9)
0.0271 (9)
0.0269 (9)
0.0229 (8)
0.0274 (9)
0.0298 (10)
0.0249 (9)
0.0307 (10)
0.0276 (9)
0.0372 (11)
0.0279 (2)
0.0439 (7)
0.0499 (8)
0.0432 (7)
0.0460 (7)
0.0515 (8)
0.0504 (8)
0.0338 (3)
0.0721 (12)
0.0656 (10)
0.0499 (8)
0.0785 (11)
0.0603 (9)
0.0557 (9)
0.0294 (3)
0.0721 (11)
0.0559 (9)
0.0726 (10)
0.0685 (10)
0.0465 (8)
0.0502 (8)
0.0339 (3)
0.0562 (9)
0.0530 (8)
0.135 (2)
0.0504 (8)
0.0879 (13)
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F24 1.0361 (3) 0.3159 (2) 0.09699 (15) 0.1033 (16)
HIA ~0.17950 0.58150 0.29160 0.0800*
HIB ~0.17370 0.66970 0.32520 0.0800*
HIC ~0.08400 0.58110 0.32880 0.0800*
H2 ~0.06950 0.60360 0.22340 0.0400*
H3 0.15210 0.81640 0.25730 0.0460*
H4 0.03130 0.77780 0.32010 0.0490*
H6 0.08960 0.55370 0.17830 0.0370*
H7 0.18290 0.54200 0.11230 0.0400*
HY 0.24090 0.83250 0.11220 0.0350*
H10 0.14330 0.84710 0.17750 0.0390*
HIIA 0.21840 0.67500 0.03890 0.0380%
H1IB 0.32600 0.73630 0.05660 0.0380%
HI13 0.24910 0.50850 0.01870 0.0370*
H14 0.36010 0.36730 0.01780 0.0360*
H16 0.60160 0.50020 0.09170 0.0390*
H17 0.48630 0.63990 0.09360 0.0390*
HI8 0.62270 0.33950 0.11970 0.0330%
H19 0.63210 0.12020 0.03560 0.0380%
H20 0.52030 0.25340 0.00270 0.0350*
H21A 0.79890 0.14370 0.10700 0.0610%
H21B 0.68470 0.09480 0.12650 0.0610%
H21C 0.73210 0.19560 0.14570 0.0610%
H22A 0.57690 0.35930 0.32130 0.0790*
H22B 0.53910 0.26070 0.34500 0.0790*
H22C 0.44280 0.33320 0.32650 0.0790*
H23 0.38780 0.31550 0.24870 0.0340%
H24 0.61590 0.10880 0.21330 0.0390*
H25 0.66130 0.15920 0.28750 0.0420*
H27 0.37080 0.34630 0.17370 0.0340%
H28 0.27140 0.33050 0.10850 0.0310%
H30 0.36590 0.04710 0.10170 0.0380%
H31 0.46110 0.06020 0.16700 0.0390*
H32A 0.19930 0.23510 0.05050 0.0340%
H32B 0.30650 0.17400 0.03220 0.0340%
H34 0.04190 0.13920 0.08960 0.0330%
H35 ~0.06910 ~0.00200 0.09140 0.0320%
H37 0.16630 ~0.13760 0.01580 0.0330%
H38 0.27690 0.00640 0.01400 0.0360*
H39 ~0.08880 ~0.16310 0.11970 0.0300*
H40 ~0.09760 ~0.38580 0.03680 0.0370*
H41 0.01110 ~0.25120 0.00250 0.0330%
H42A ~0.19200 ~0.30900 0.14720 0.0560*
H42B ~0.15190 ~0.40980 0.12590 0.0560*
H42C ~0.26540 ~0.35550 0.10870 0.0560*
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Atomic displacement parameters (142 )

N1
N2
N3
N4
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
CI18
C19
C20
C21
N5
N6
N7
N8
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36

Ull

0.0387 (18)
0.0317 (15)
0.0267 (14)
0.0267 (14)
0.037 (2)
0.0322 (19)
0.051 (2)
0.052 (2)
0.0233 (15)
0.0323 (18)
0.0334 (18)
0.0189 (14)
0.0278 (16)
0.037 (2)
0.0296 (17)
0.0261 (16)
0.0295 (17)
0.0359 (18)
0.0209 (14)
0.0232 (16)
0.0256 (17)
0.0239 (16)
0.0352 (18)
0.0380 (19)
0.038 (2)
0.0298 (15)
0.0216 (13)
0.0234 (13)
0.0278 (14)
0.053 (3)
0.0208 (15)
0.0242 (17)
0.0282 (17)
0.0196 (14)
0.0286 (16)
0.0228 (15)
0.0216 (15)
0.0273 (16)
0.0254 (16)
0.0289 (17)
0.0244 (15)
0.0226 (15)
0.0224 (15)
0.0230 (15)

U22

0.0517 (19)
0.0268 (14)
0.0252 (13)
0.0260 (13)
0.081 (3)
0.0355 (19)
0.0305 (18)
0.0357 (19)
0.0279 (16)
0.0275 (16)
0.0265 (16)
0.0313 (17)
0.0271 (16)
0.0276 (16)
0.0332 (18)
0.0307 (16)
0.0360 (18)
0.0278 (16)
0.0272 (15)
0.0313 (18)
0.0305 (17)
0.0267 (16)
0.0268 (16)
0.0280 (16)
0.0358 (19)
0.0404 (16)
0.0226 (13)
0.0201 (12)
0.0200 (12)
0.081 (3)
0.0330 (18)
0.0306 (17)
0.0308 (17)
0.0282 (16)
0.0208 (14)
0.0221 (14)
0.0238 (15)
0.0273 (16)
0.0263 (16)
0.0275 (16)
0.0254 (15)
0.0246 (15)
0.0280 (16)
0.0204 (14)

U33

0.0299 (16)
0.0290 (14)
0.0243 (13)
0.0327 (15)
0.042 (2)
0.0321 (18)
0.0335 (18)
0.034 (2)
0.0264 (16)
0.0328 (18)
0.0400 (19)
0.0316 (17)
0.0323 (18)
0.0322 (18)
0.0326 (18)
0.0234 (15)
0.0275 (17)
0.0251 (16)
0.0240 (15)
0.044 (2)
0.041 (2)
0.0330 (17)
0.0322 (18)
0.0222 (15)
0.048 (2)
0.0311 (15)
0.0357 (15)
0.0276 (14)
0.0350 (15)
0.0245 (18)
0.0324 (18)
0.043 (2)
0.046 (2)
0.0298 (16)
0.0347 (18)
0.0318 (17)
0.0296 (16)
0.0400 (19)
0.046 (2)
0.0285 (17)
0.0237 (15)
0.0342 (17)
0.0303 (17)
0.0253 (15)

U12

0.0071 (16)
0.0056 (12)
~0.0063 (11)
~0.0042 (12)
0.004 (2)
0.0028 (15)
0.0037 (17)
0.0068 (18)
0.0013 (13)
~0.0049 (15)
~0.0024 (15)
0.0000 (13)
~0.0016 (14)
0.0003 (15)
0.0020 (14)
~0.0005 (13)
~0.0035 (15)
~0.0052 (14)
~0.0014 (12)
~0.0024 (14)
0.0017 (14)
~0.0037 (14)
~0.0050 (15)
~0.0055 (15)
~0.0050 (17)
0.0025 (13)
0.0023 (11)
0.0002 (10)
~0.0027 (11)
0.030 (3)
0.0016 (14)
0.0036 (14)
0.0071 (15)
~0.0004 (13)
0.0020 (13)
~0.0005 (12)
~0.0029 (12)
0.0033 (14)
0.0038 (14)
~0.0055 (14)
~0.0035 (13)
0.0015 (13)
~0.0010 (13)
~0.0004 (12)

U13

0.0049 (14)
~0.0030 (12)
0.0018 (11)
0.0036 (12)
0.0100 (19)
0.0038 (15)
~0.0063 (18)
~0.0059 (18)
~0.0064 (13)
0.0035 (15)
0.0042 (16)
~0.0040 (13)
~0.0061 (14)
~0.0059 (15)
~0.0005 (15)
0.0022 (13)
~0.0078 (15)
~0.0060 (15)
0.0018 (12)
~0.0066 (15)
~0.0055 (15)
0.0000 (14)
0.0065 (15)
0.0032 (14)
~0.0032 (18)
~0.0066 (13)
~0.0047 (12)
~0.0012 (11)
~0.0009 (12)
~0.0045 (18)
~0.0024 (13)
~0.0054 (15)
~0.0043 (16)
0.0005 (13)
0.0013 (14)
0.0022 (13)
0.0025 (13)
~0.0035 (15)
0.0003 (15)
0.0039 (13)
~0.0014 (13)
0.0024 (14)
0.0041 (14)
~0.0021 (12)

U23

~0.0031 (14)
0.0008 (11)
~0.0015 (11)
0.0027 (11)
~0.005 (2)
~0.0028 (15)
~0.0087 (15)
~0.0081 (16)
0.0003 (13)
~0.0030 (14)
~0.0084 (14)
0.0008 (14)
0.0054 (13)
~0.0002 (14)
0.0044 (14)
0.0010 (12)
0.0045 (14)
~0.0001 (13)
~0.0010 (12)
~0.0101 (15)
~0.0092 (15)
~0.0018 (13)
~0.0046 (14)
~0.0032 (13)
0.0009 (17)
0.0010 (13)
0.0011 (12)
~0.0002 (10)
0.0013 (11)
~0.008 (2)
0.0061 (14)
0.0038 (15)
0.0059 (15)
~0.0001 (13)
0.0012 (13)
0.0031 (13)
0.0023 (12)
~0.0070 (14)
0.0003 (15)
0.0043 (13)
0.0028 (12)
~0.0042 (13)
~0.0016 (13)
0.0012 (12)
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C37
C38
C39
C40
C41
C42
P1
F1
F2
F3
F4
F5
F6
P2
F7
F8
F9
F10
F11
F12
P3
F13
F14
F15
F16
F17
F18
P4
F19
F20
F21
F22
F23
F24

0.0324 (18)
0.0283 (16)
0.0263 (16)
0.0353 (18)
0.0281 (17)
0.036 (2)
0.0262 (4)
0.0430 (13)
0.0575 (15)
0.0463 (13)
0.0437 (13)
0.0348 (12)
0.0426 (13)
0.0397 (5)
0.0439 (15)
0.099 (2)
0.0412 (13)
0.085 (2)
0.0624 (17)
0.0585 (16)
0.0247 (4)
0.073 (2)
0.0338 (12)
0.0578 (18)
0.0642 (19)
0.0307 (11)
0.0314 (12)
0.0371 (5)
0.0601 (17)
0.0705 (17)
0.211 (5)
0.0496 (14)
0.115 (3)
0.0421 (17)

Geometric parameters (4, °)

P1—F2
P1—F3
P1—F4
P1—F5
P1—F6
P1—F1
P2—F7
P2—F10
P2—F11
P2—F12
P2—F8
P2—F9

0.0252 (15)
0.0330 (17)
0.0230 (15)
0.0208 (15)
0.0278 (15)
0.0256 (16)
0.0264 (4)
0.0567 (14)
0.0510 (13)
0.0426 (12)
0.0427 (12)
0.0648 (16)
0.0490 (14)
0.0299 (4)
0.0474 (15)
0.0623 (17)
0.0437 (13)
0.097 (2)
0.0314 (12)
0.0430 (13)
0.0306 (4)
0.099 (2)
0.0390 (12)
0.111 (2)
0.0473 (15)
0.0501 (14)
0.0417 (13)
0.0230 (4)
0.0684 (16)
0.0399 (12)
0.102 (3)
0.0349 (12)
0.0518 (16)
0.0489 (17)

1.608 (2)
1.593 (2)
1.585 (2)
1.604 (3)
1.590 (2)
1.586 (2)
1.584 (3)
1.570 (3)
1.589 (3)
1.599 (3)
1.582 (3)
1.600 (3)

0.0246 (16) 0.0021 (13)
0.0281 (17) ~0.0017 (14)
0.0255 (16) 0.0005 (13)
0.0361 (18) 0.0002 (14)
0.0268 (16) 0.0020 (13)
0.050 (2) ~0.0040 (15)
0.0311 (4) 0.0022 (3)
0.0320 (11) 0.0184 (12)
0.0412 (12) 0.0228 (13)
0.0408 (12) 0.0060 (11)
0.0515 (13) 0.0132 (11)
0.0550 (15) ~0.0143 (12)
0.0597 (15) ~0.0191 (12)
0.0318 (5) ~0.0024 (4)
0.125 (3) 0.0012 (13)
0.0356 (13) 0.0115 (17)
0.0649 (16) ~0.0062 (11)
0.0535 (16) ~0.0338 (19)
0.0872 (19) 0.0051 (13)
0.0657 (16) ~0.0132 (13)
0.0328 (5) 0.0004 (4)
0.0444 (14) ~0.0320 (18)
0.095 (2) 0.0037 (11)
0.0489 (15) ~0.0018 (18)
0.094 (2) 0.0192 (14)
0.0586 (15) ~0.0030 (10)
0.0774 (18) 0.0047 (10)
0.0416 (5) ~0.0049 (4)
0.0401 (13) ~0.0261 (14)
0.0487 (13) ~0.0230 (13)
0.093 (2) ~0.112 3)
0.0668 (16) ~0.0081 (11)
0.097 (2) 0.0150 (18)
0.219 (4) 0.0170 (14)

Cl6—C17

C19—C20

Cl—HIC

Cl—HIB

Cl—HIA

C2—H2

C3—H3

C4—H4

C6—H6

C7—H7

C9—H9

C10—H10

0.0054 (14) ~0.0028 (13)
0.0109 (14) 0.0025 (14)
~0.0001 (13) 0.0009 (12)
~0.0075 (15) ~0.0026 (13)
~0.0003 (13) ~0.0036 (13)
0.0042 (18) 0.0070 (16)
~0.0024 (4) ~0.0035 (3)
~0.0023 (10) 0.0039 (10)
~0.0112 (12) ~0.0173 (10)
~0.0069 (11) 0.0115 (10)
~0.0026 (11) ~0.0172 (10)
~0.0005 (11) 0.0035 (13)
~0.0013 (12) 0.0055 (12)
~0.0004 (4) 0.0008 (4)
0.0260 (17) 0.0104 (16)
~0.0007 (15) 0.0086 (12)
0.0007 (12) ~0.0083 (12)
~0.0342 (16) 0.0383 (16)
0.0032 (16) ~0.0113 (12)
0.0097 (14) ~0.0210 (12)
~0.0003 (4) ~0.0032 (4)
0.0006 (14) 0.0211 (15)
~0.0180 (13) ~0.0300 (13)
0.0069 (14) 0.0258 (16)
~0.0251 (16) ~0.0309 (14)
~0.0098 (11) ~0.0166 (11)
~0.0163 (12) 0.0051 (12)
0.0082 (4) ~0.0034 (4)
0.0056 (12) ~0.0041 (12)
0.0196 (13) ~0.0164 (10)
0.104 (3) ~0.052 (2)
0.0000 (13) ~0.0161 (11)
~0.068 (2) 0.0036 (16)
~0.029 (2) -0.032 (2)

1.387 (5)

1.334 (4)

0.9800

0.9800

0.9800

0.9500

0.9500

0.9500

0.9500

0.9500

0.9500

0.9500
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P3—F15
P3—F13
P3—F14
P3—F17
P3—F18
P3—F16
P4—F19
P4—F21
P4—F22
P4—F20
P4—F24
P4—F23
N1—C2
N1—C4
N1—C1
N2—C5
N2—C2
N2—C3
N3—C15
N3—C18
N3—C20
N4—C18
N4—C19
N4—C21
N5—C22
N5—C23
N5—C25
N6—C23
N6—C24
N6—C26
N7—C41
N7—C39
N7—C36
N8—C40
N8—C39
N8—C42
C3—C4
C5—Cl10
C5—C6
C6—C7
C7—C8
C8—Cl11
C8—C9
C9—C10
Cl11—C12
C12—C13
C12—C17
C13—Cl14
C14—CI15

1.581 (3)
1.580 (3)
1.575 (3)
1.592 (3)
1.590 (3)
1.592 (3)
1.568 (2)
1.552 (4)
1.581 (2)
1.599 (2)
1.576 (4)
1.577 3)
1.332(5)
1.373 (6)
1.470 (6)
1.444 (4)
1.336 (5)
1.381 (5)
1.438 (4)
1.334 (4)
1.387 (4)
1.319 (4)
1.372 (4)
1.496 (5)
1.447 (5)
1.327 (5)
1.369 (5)
1.340 (4)
1.386 (4)
1.435 (4)
1.386 (4)
1.345 (4)
1.429 (4)
1.383 (4)
1.323 (4)
1.472 (5)
1.335 (6)
1.384 (5)
1.391 (4)
1.382 (5)
1.388 (4)
1.518 (5)
1.395 (4)
1.390 (5)
1.510 (5)
1.392 (4)
1.386 (5)
1.378 (4)
1.384 (5)

Cl1—HI1A
Cl1—HI11B
C13—H13
Cl4—H14
Cl6—H16
C17—H17
C18—H18
C19—H19
C20—H20
C21—H21C
C21—H21A
C21—H21B
C24—C25
C26—C31
C26—C27
C27—C28
C28—C29
C29—C32
C29—C30
C30—C31
C32—C33
C33—C34
C33—C38
C34—C35
C35—C36
C36—C37
C37—C38
C40—C41
C22—H22B
C22—H22C
C22—H22A
C23—H23
C24—H24
C25—H25
C27—H27
C28—H28
C30—H30
C31—H31
C32—H32A
C32—H32B
C34—H34
C35—H35
C37—H37
C38—H38
C39—H39
C40—H40
C41—H41
C42—H42C
C42—H42A

0.9900
0.9900
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9800
0.9800
0.9800
1.343 (5)
1.390 (5)
1.378 (4)
1.394 (5)
1.396 (4)
1.520 (5)
1.386 (4)
1.376 (5)
1.511 (4)
1.392 (5)
1.386 (4)
1.377 (4)
1.385 (4)
1.384 (5)
1.401 (4)
1.348 (4)
0.9800
0.9800
0.9800
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9900
0.9900
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9800
0.9800
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C15—Cl16
F2—P1—F3
F2—P1—F4
F2—P1—F5
F2—P1—F6
F3—P1—F4
F3—P1—F5
F3—P1—F6
F4—P1—F5
F4—P1—F6
F5—P1—F6
F1—P1—F2
F1—P1—F3
F1—P1—F4
F1—P1—F5
F1—P1—F6
F8—P2—F11
F8—P2—F12
F9—P2—F10
F9—P2—F11
FO—P2—F12
F10—P2—F11
F10—P2—F12
F11—P2—F12
F8—P2—F9
F8—P2—F10
F7—P2—F8
F7—P2—F9
F7—P2—F10
F7—P2—F11
F7—P2—F12
F13—P3—F14
F13—P3—F15
F14—P3—F18
F15—P3—F16
F15—P3—F17
F15—P3—F18
F16—P3—F17
F16—P3—F18
F17—P3—F18
F14—P3—F17
F13—P3—F18
F13—P3—F16
F13—P3—F17
F14—P3—F15
F14—P3—F16
F19—P4—F21
F19—P4—F20
F21—P4—F22

1.387 (4)

89.30 (12)
179.63 (13)
89.55 (13)
89.54 (13)
91.05 (12)
89.18 (13)
89.77 (13)
90.58 (13)
90.34 (13)
178.61 (14)
89.84 (12)
178.46 (13)
89.82 (12)
89.55 (13)
91.50 (13)
90.74 (15)
88.60 (14)
89.37 (16)
89.05 (16)
89.82 (13)
89.98 (15)
90.64 (14)
178.71 (17)
88.74 (16)
177.97 (19)
90.21 (18)
178.95 (16)
91.68 (18)
90.94 (17)
90.18 (14)
91.55 (15)
178.21 (15)
89.96 (13)
88.84 (16)
88.94 (16)
90.41 (16)
89.79 (16)
90.14 (16)
179.34 (15)
90.10 (13)
89.96 (16)
89.41 (16)
90.70 (16)
90.21 (15)
179.04 (16)
179.05 (19)
89.58 (13)
89.70 (18)

C42—H42B

H1A—C1—HIB
H1B—C1—HI1C
N1—C1—HIC
N2—C2—H2
N1—C2—H2
C4—C3—H3
N2—C3—H3
C3—C4—H4
N1—C4—H4
C7—C6—Ho6
C5—C6—Ho
C8—C7—H7
C6—C7—H7
C10—C9—H9
C8—C9—H9
C9—C10—H10
C5—C10—H10
C8—C11—HI11B
C12—Cl11—HI11A
H11A—C11—HI11B
C8—C11—H11A
C12—C11—HI11B
C14—C13—H13
C12—C13—H13
C15—C14—H14
C13—C14—H14
C17—Cl16—H16
C15—Cl16—HI16
C12—C17—H17
Cl16—C17—H17
N4—C18—H18
N3—C18—H18
C20—C19—H19
N4—C19—HI19
C19—C20—H20
N3—C20—H20
H21B—C21—H21C
N4—C21—H21A
H21A—C21—H21B
H21A—C21—H21C
N4—C21—H21B
N4—C21—H21C
N5—C23—N6
N6—C24—C25
N5—C25—C24
N6—C26—C27
N6—C26—C31
C27—C26—C31

0.9800

109.00
109.00
110.00
127.00
127.00
127.00
126.00
126.00
127.00
121.00
121.00
119.00
119.00
119.00
119.00
121.00
121.00
109.00
109.00
108.00
109.00
109.00
119.00
119.00
120.00
120.00
121.00
121.00
119.00
119.00
126.00
126.00
126.00
126.00
127.00
127.00
110.00
109.00
109.00
109.00
109.00
109.00
107.5 (3)
106.8 (3)
107.3 3)
120.1 (3)
118.5 (3)
121.4 (3)
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F21—P4—F23
F21—P4—F24
F22—P4—F23
F22—P4—F24
F23—P4—F24
F20—P4—F22
F20—P4—F23
F20—P4—F24
F19—P4—F22
F19—P4—F23
F19—P4—F24
F20—P4—F21
ClI—N1—C2
Cl—N1—C4
C2—N1—C4
C3—N2—C5
C2—N2—C5
C2—N2—C3
C18—N3—C20
C15—N3—C20
CI15—N3—C18
C18—N4—C19
C18—N4—C21
C19—N4—C21
C22—N5—C23
C22—N5—C25
C23—N5—C25
C24—N6—C26
C23—N6—C24
C23—N6—C26
C36—N7—C39
C36—N7—C41
C39—N7—C41
C39—N8—C40
C40—N8—C42
C39—N8—C42
NI—C2—N2
N2—C3—C4
N1—C4—C3
N2—C5—C6
C6—C5—C10
N2—C5—C10
C5—Co6—C7
C6—C7—C8
C7—C8—C11
C7—C8—C9
C9—C8—C11
C8—C9—C10
C5—C10—C9

90.7 (2)
92.1 (2)
90.66 (15)
89.28 (16)
177.2 (2)
179.50 (14)
89.68 (15)
90.40 (16)
90.80 (14)
88.54 (16)
88.68 (18)
89.92 (18)
124.0 (4)
125.9 (3)
109.9 (3)
125.9 (3)
124.6 (3)
109.4 (3)
108.2 (2)
126.5 (3)
125.0 (3)
108.5 (3)
124.3 (3)
127.2 (3)
124.8 (3)
125.5 (3)
109.7 (3)
126.2 (3)
108.7 (3)
125.1 (3)
124.6 (3)
127.1 3)
108.0 (2)
108.2 (3)
126.8 (3)
124.9 (3)
106.7 (3)
107.0 (4)
107.0 (3)
118.9 (3)
121.4 (3)
119.6 (3)
118.3 (3)
1222 (3)
121.1 3)
117.9 (3)
121.0 3)
121.4 (3)
118.8 (3)

C26—C27—C28
C27—C28—C29
C28—C29—C30
C28—C29—C32
C30—C29—C32
C29—C30—C31
C26—C31—C30
C29—C32—C33
C32—C33—C34
C32—C33—C38
C34—C33—C38
C33—C34—C35
C34—C35—C36
C35—C36—C37
N7—C36—C37
N7—C36—C35
C36—C37—C38
C33—C38—C37
N7—C39—N8
N8—C40—C41
N7—C41—C40
N5—C22—H22B
N5—C22—H22C

H22A—C22—H22B

N5—C22—H22A

H22A—C22—H22C
H22B—C22—H22C

N5—C23—H23

N6—C23—H?23

N6—C24—H24

C25—C24—H24
N5—C25—H25

C24—C25—H25
C26—C27—H27
C28—C27—H27
C27—C28—H28
C29—C28—H28
C31—C30—H30
C29—C30—H30
C26—C31—H31
C30—C31—H31

H32A—C32—H32B

C29—C32—H32B
C33—C32—H32A
C29—C32—H32A
C33—C32—H32B
C35—C34—H34
C33—C34—H34
C34—C35—H35

118.8 (3)
121.0 3)
118.3 (3)
1212 (3)
120.5 (3)
121.8 (3)
118.8 (3)
112.7 (3)
120.5 (3)
121.5 (3)
118.0 (3)
122.1 (3)
118.9 (3)
120.9 (3)
119.1 (3)
119.9 (3)
119.0 (3)
121.0 3)
109.1 (3)
107.8 (3)
106.9 (3)
109.00
110.00
109.00
110.00
109.00
109.00
126.00
126.00
127.00
126.00
126.00
126.00
121.00
121.00
120.00
119.00
119.00
119.00
121.00
121.00
108.00
109.00
109.00
109.00
109.00
119.00
119.00
121.00
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C8—Cl11—C12
C11—C12—C13
C13—C12—C17
Cl11—C12—C17
Cl12—C13—C14
C13—C14—CI15
N3—C15—C14
N3—C15—C16
C14—C15—C16
C15—C16—C17
C12—C17—C16
N3—C18—N4
N4—C19—C20
N3—C20—C19
H1A—C1—HIC
N1—C1—HIB
N1I—C1—HIA
ClI—N1—C2—N2
C4—N1—C2—N2
CI—N1—C4—C3
C2—N1—C4—C3
C3—N2—C2—N1
C5—N2—C2—N1
C2—N2—C3—C4
C5—N2—C3—C4
C2—N2—C5—C6
C2—N2—C5—C10
C3—N2—C5—C6
C3—N2—C5—C10
C18—N3—C15—C14
C18—N3—C15—C16
C20—N3—C15—C14
C20—N3—C15—C16
CI15—N3—C18—N4
C20—N3—C18—N4
C15—N3—C20—C19
C18—N3—C20—C19
C19—N4—C18—N3
C21—N4—C18—N3
C18—N4—C19—C20
C21—N4—C19—C20
C23—N5—C25—C24
C22—N5—C23—N6
C25—N5—C23—N6
C22—N5—C25—C24
C23—N6—C24—C25
C26—N6—C24—C25
C23—N6—C26—C27
C26—N6—C23—N5

113.4 (3)
121.5 (3)
118.0 (3)
120.5 (3)
121.1 3)
119.8 (3)
121.0 3)
118.5 (3)
120.5 (3)
118.6 (3)
121.9 (3)
108.6 (3)
108.1 (3)
106.6 (3)
110.00

109.00

109.00

~174.4 (4)
0.5 (5)
174.1 (4)
—0.6 (5)
-0.1 (4)
174.9 (3)
-0.3(5)
~175.2 3)
-33.9(5)
148.9 (4)
140.2 (4)
-36.9 (5)
~143.1 3)
33.0 (5)
29.7 (5)
~154.3 (3)
174.3 (3)
0.4 (4)
~174.0 (3)
-0.3(4)
—0.4 (4)
178.4 (3)
0.2 (4)
~178.5 (3)
0.4 (4)
178.2 (3)
—0.7 (4)
~178.4 (4)
-0.3(4)
~178.3 (3)
31.0 (5)
178.6 (3)

C36—C35—H35
C36—C37—H37
C38—C37—H37
C37—C38—H38
C33—C38—H38
N7—C39—H39
N8—C39—H39
N8—C40—H40
C41—C40—H40
N7—C41—H41
C40—C41—H41
H42A—C42—H42C
H42B—C42—H42C
H42A—C42—H42B
N8—C42—H42A
N8—C42—H42B
N8—C42—H42C
N2—C5—C10—C9
C6—C5—C10—C9
C10—C5—C6—C7
C5—C6—C7—C8
C6—C7—C8—C9
C6—C7—C8—Cl1
C7—C8—C9—C10
C11—C8—C9—C10
C7—C8—C11—C12
C9—C8—C11—C12
C8—C9—C10—C5
C8—C11—C12—C13
C8—C11—C12—C17
C11—C12—CI13—C14
C17—C12—C13—Cl4
C13—C12—C17—Cl6
C11—C12—C17—C16
C12—C13—C14—C15
C13—C14—C15—Cl6
C13—C14—C15—N3
N3—C15—C16—C17
C14—C15—Cl6—Cl17
C15—C16—C17—Cl12
N4—C19—C20—N3
N6—C24—C25—N5
N6—C26—C27—C28
C31—C26—C27—C28
N6—C26—C31—C30
C27—C26—C31—C30
C26—C27—C28—C29
C27—C28—C29—C30
C27—C28—C29—C32

120.00
120.00
121.00
119.00
120.00
125.00
125.00
126.00
126.00
127.00
127.00
110.00
109.00
109.00
110.00
110.00
109.00

176.1 (3)
~1.0(5)
0.1(5)
—0.3(5)
13 (5)
~179.1 (3)
-22(5)
178.2 (3)
-39.9 (5)
139.7 (3)
2.0 (5)
103.9 (4)
~73.9 (4)
~174.9 3)
3.0 (5)
-2.1(5)
175.8 (3)
—0.6 (5)
-2.8(5)
1732 (3)
~172.4 3)
3.7(5)
-12(5)
0.0 (4)
—0.1(4)
~178.3 (3)
0.8 (5)
179.2 (3)
0.0 (5)
~12(5)
0.9 (5)
~178.9 (3)

sup-11



supplementary materials

C24—N6—C23—N5
C24—N6—C26—C27
C24—N6—C26—C31
C23—N6—C26—C31
C41—N7—C36—C35
C41—N7—C36—C37
C39—N7—C36—C35
C39—N7—C36—C37
C36—N7—C39—N8
C41—N7—C39—N8
C36—N7—C41—C40
C39—N7—C41—C40
C39—N8—C40—C41
C42—N8—C40—C41
C42—N8—C39—N7
C40—N8—C39—N7
N2—C3—C4—N1
N2—C5—C6—C7

Hydrogen-bond geometry (4, ©)

0.6 (4)
~151.3 3)
29.5 (5)
~148.1 3)
154.4 (3)
~28.3 (5)
-32.7 (5)
144.6 (3)
~174.7 3)
-0.7 (4)
174.0 (3)
0.2 (4)
0.7 (4)
177.7 3)
~177.6 (3)
0.9 (4)
0.6 (5)
~177.0 (3)

C28—C29—C30—C31
C32—C29—C30—C31
C28—C29—C32—C33
C30—C29—C32—C33
C29—C30—C31—C26
C29—C32—C33—C34
C29—C32—C33—C38
C32—C33—C34—C35
C38—C33—C34—C35
C32—C33—C38—C37
C34—C33—C38—C37
C33—C34—C35—C36
C34—C35—C36—N7
C34—C35—C36—C37
N7—C36—C37—C38
C35—C36—C37—C38
C36—C37—C38—C33
N8—C40—C41—N7

Cg3 and Cg7 are the centroids of the C5—C10 and C26—C31 rings, respectively.

D—H-4
Cl—HI1A-FI1!
C2—H2-F9'
C3—H3-F8'
C4—H4-F191
C11—H11B-F6

Cl16—H16--F10
C18—H18-F12

C20—H20--F20'
C20—H20--F211
C21—H21B-F4"
C22—H22C+F1Y
C22—H22CF17"
C23—H23-F13"
C24—H24--F14"
C24—H24-F17"
C30—H30--F4"
C34—H34-F24!
C38—H38-F23il
C39—H39-F16"!
C41—H41--F2il
C42—H42B-F22"!
Cl—HIB-~Cg7"1

D—H
0.98
0.95
0.95
0.95

0.99
0.95
0.95
0.95

0.95
0.98
0.98
0.98
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.98
0.98

H-A
2.50
2.32
238
2.50
2.40
243
2.42
238

2.55
2.42
2.35
2.38
2.40
2.48
2.49
2.52
243
2.53
2.45
2.39
2.35
2.55

DA
3345 (5)
3.243 (5)
3.322(5)
3369 (5)
3271 (4)
3.098 (5)
3315 (4)
3.284 (4)
3.123 (5)
3.269 (5)
3.074 (5)
3.239(5)
3330 (5)
3.086 (4)
3.374(5)
3.024 (4)
3.289 (4)
3.262 (5)
3.289 (4)
3.229 (4)
3217 (4)
3387 (5)

—0.1(5)
179.7 3)
~133.3 (3)
47.0 (4)
—0.4(5)
74.0 (4)
~103.8 (4)
~175.0 (3)
2.8(5)
174.8 (3)
-3.0(5)
0.2 (5)
174.2 (3)
-3.1(5)
~174.5 3)
2.9(5)

0.3 (5)

0.3 (4)

D—H-A
144
163
170
152

146
128
156
160

119
144
130
146
167
122
155
114
150
134
147
147
147
144
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C25—H25--Cg3" 0.95 2.96 3.805 (4) 149

Symmetry codes: (i) x—1, y, z; (ii) —x+1, y+1/2, —z+1/2; (iii) x—1/2, —y+1/2, —z; (iv) x, y—1, z; (V) —x+1, y—1/2, —z+1/2; (vi) x—1, y—1, z;
(vil) —x, y+1/2, —z+1/2.
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Fig. 1
Cation A
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Fig. 2
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