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In the title compound, C33H25N2
+
�PF6

�, the naphthalene ring

system is twisted with respect to the anthracene and benzene

rings, making dihedral angles of 72.40 (3) and 71.39 (4)�,

respectively. The crystal structure is stabilized by intermole-

cular C—H� � �F hydrogen bonding. Four F atoms of the

hexafluorophosphate anion are disordered over two sets of

sites in a 0.645 (4):0.355 (4) ratio.

Related literature

For the synthesis, see: Özdemir et al.. (2004); Aksenov et al.

(2008). For related structures, see: Bazinet et al. (2007).

Experimental

Crystal data

C33H25N2
+
�F6P�

Mr = 594.52
Triclinic, P1
a = 9.9596 (13) Å

b = 11.8644 (17) Å
c = 11.8994 (12) Å
� = 94.436 (4)�

� = 95.159 (3)�

� = 110.399 (6)�

V = 1303.6 (3) Å3

Z = 2
Mo K� radiation
� = 0.18 mm�1

T = 113 K
0.22 � 0.20 � 0.18 mm

Data collection

Rigaku Saturn diffractometer
Absorption correction: none
9272 measured reflections

4823 independent reflections
3619 reflections with I > 2�(I)
Rint = 0.035

Refinement

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.113
S = 1.01
4823 reflections

416 parameters
H-atom parameters constrained
��max = 0.20 e Å�3

��min = �0.49 e Å�3

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

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

C10—H10� � �F5i 0.95 2.52 3.327 (3) 142
C11—H11� � �F2i 0.95 2.53 3.393 (4) 151
C19—H19A� � �F4ii 0.99 2.48 3.368 (3) 150
C27—H27� � �F1iii 0.95 2.47 3.401 (2) 165
C29—H29� � �F3iii 0.95 2.55 3.400 (3) 149

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

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:

ORTEP-3 for Windows (Farrugia, 1997); software used to prepare

material for publication: CrystalStructure (Rigaku/MSC, 2004).
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3-(9-Anthrylmethyl)-1-benzylperimidinium hexafluorophosphate

Gui-Yu Wang, Shi-Lu Zhang and Da-Bin Qin

S1. Comment 

In recent years, numerous cyclic N-heterocyclic carbene (NHC) precursors have been synthesized and structurally 

investigated. They have been recognized as powerfit ligands owing to their ability to coordinate very strongly to 

transition metals and main-group elements and an increasing use in organometallic chemistry, homogeneous catalysis. In 

addition, a number of biological activities of imidazolium salts have been reported including antimicrobial, antifungal, 

antitumor. We report here crystal structure of NHC precursor, the title compound.

The molecular structure is shown in Fig. 1. The naphthalene ring system is twisted with the anthracene ring and benzene 

ring with the dihedral angles of 72.40 (3)° and 71.39 (4)°. The crystal structure is stabilized by C—H···F hydrogen bonds 

(Table 1).

S2. Experimental 

The title compound was prepared according to the procedure reported by Özdemir et al. (2004) and Aksenov et al. 

(2008). Yellow single crystals suitable for X-ray diffraction were obtained by recrystallization from acetonitrile.

S3. Refinement 

H atoms were placed in calculated positions with C—H = 0.95–0.99 Å, and refined in riding mode with Uiso(H) = 

1.2Ueq(C). The four equatorial F atoms (F2–F5) in the anion PF6 were disordered at two palces, occupancies were refined 

to a 0.645 (4):0.355 (4) ratio.
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Figure 1

The molecular structure of the title compound, showing 30% probability displacement ellipsoids and the atomic 

numbering. The minor component of disordered PF6
- has been omitted for clarity. 

1-Benzyl-3-methylanthraceneperimidinium hexafluorophosphate 

Crystal data 

C33H25N2
+·F6P−

Mr = 594.52
Triclinic, P1
Hall symbol: -P 1
a = 9.9596 (13) Å
b = 11.8644 (17) Å
c = 11.8994 (12) Å
α = 94.436 (4)°
β = 95.159 (3)°
γ = 110.399 (6)°
V = 1303.6 (3) Å3

Z = 2
F(000) = 612
Dx = 1.515 Mg m−3

Mo Kα radiation, λ = 0.71070 Å
Cell parameters from 3227 reflections
θ = 2.2–28.0°
µ = 0.18 mm−1

T = 113 K
Prism, yellow
0.22 × 0.20 × 0.18 mm

Data collection 

Rigaku Saturn 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator

Detector resolution: 7.31 pixels mm-1

ω scans
9272 measured reflections
4823 independent reflections
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3619 reflections with I > 2σ(I)
Rint = 0.035
θmax = 25.5°, θmin = 2.2°

h = −12→12
k = −14→13
l = −14→14

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.042
wR(F2) = 0.113
S = 1.01
4823 reflections
416 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

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

2) + (0.0672P)2] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.20 e Å−3

Δρmin = −0.49 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.
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, 
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used 
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 
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 (Å2) 

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

N1 0.65525 (14) 0.26739 (12) 0.34502 (11) 0.0171 (3)
N2 0.76633 (15) 0.21452 (12) 0.19570 (11) 0.0166 (3)
C1 0.7929 (2) 0.54158 (17) 0.41449 (17) 0.0318 (5)
H1 0.8104 0.5239 0.3391 0.038*
C2 0.8809 (2) 0.64882 (17) 0.47870 (18) 0.0370 (5)
H2 0.9593 0.7036 0.4478 0.044*
C3 0.8547 (2) 0.67608 (17) 0.58745 (17) 0.0313 (5)
H3 0.9134 0.7505 0.6308 0.038*
C4 0.7426 (2) 0.59450 (16) 0.63322 (16) 0.0272 (4)
H4 0.7254 0.6122 0.7087 0.033*
C5 0.65546 (19) 0.48705 (16) 0.56896 (15) 0.0243 (4)
H5 0.5785 0.4316 0.6007 0.029*
C6 0.67932 (18) 0.45972 (15) 0.45940 (15) 0.0209 (4)
C7 0.57901 (18) 0.34585 (15) 0.38640 (15) 0.0209 (4)
H7A 0.5035 0.2998 0.4312 0.025*
H7B 0.5306 0.3689 0.3204 0.025*
C8 0.68755 (18) 0.18549 (14) 0.41469 (14) 0.0182 (4)
C9 0.64948 (18) 0.17407 (15) 0.52252 (14) 0.0230 (4)
H9 0.6024 0.2235 0.5550 0.028*
C10 0.68127 (19) 0.08799 (16) 0.58429 (16) 0.0264 (4)
H10 0.6532 0.0783 0.6582 0.032*
C11 0.75186 (19) 0.01810 (16) 0.53968 (16) 0.0266 (4)
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H11 0.7727 −0.0389 0.5832 0.032*
C12 0.79414 (19) 0.02947 (15) 0.43000 (15) 0.0223 (4)
C13 0.86924 (19) −0.03935 (15) 0.38004 (16) 0.0254 (4)
H13 0.8926 −0.0969 0.4213 0.030*
C14 0.90839 (19) −0.02426 (15) 0.27382 (16) 0.0250 (4)
H14 0.9593 −0.0712 0.2427 0.030*
C15 0.87524 (18) 0.05926 (14) 0.20896 (15) 0.0203 (4)
H15 0.9025 0.0684 0.1348 0.024*
C16 0.80270 (17) 0.12715 (14) 0.25529 (14) 0.0171 (4)
C17 0.69340 (17) 0.27509 (14) 0.24203 (14) 0.0168 (4)
H17 0.6660 0.3287 0.1978 0.020*
C18 0.76120 (17) 0.11481 (14) 0.36533 (14) 0.0177 (4)
C19 0.81402 (19) 0.23771 (15) 0.08085 (14) 0.0204 (4)
H19A 0.7622 0.1649 0.0260 0.024*
H19B 0.9186 0.2525 0.0851 0.024*
C20 0.78569 (18) 0.34486 (15) 0.03857 (14) 0.0189 (4)
C21 0.67085 (18) 0.32839 (15) −0.04710 (14) 0.0198 (4)
C22 0.58415 (19) 0.21358 (15) −0.10874 (15) 0.0232 (4)
H22 0.6033 0.1432 −0.0922 0.028*
C23 0.4749 (2) 0.20365 (16) −0.19052 (15) 0.0276 (4)
H23 0.4210 0.1267 −0.2316 0.033*
C24 0.4395 (2) 0.30512 (17) −0.21595 (16) 0.0295 (4)
H24 0.3605 0.2955 −0.2716 0.035*
C25 0.51861 (19) 0.41642 (17) −0.16064 (15) 0.0265 (4)
H25 0.4944 0.4843 −0.1780 0.032*
C26 0.63810 (19) 0.43274 (15) −0.07648 (14) 0.0205 (4)
C27 0.72088 (18) 0.54694 (15) −0.02117 (14) 0.0221 (4)
H27 0.6969 0.6148 −0.0393 0.026*
C28 0.83807 (18) 0.56432 (15) 0.06025 (14) 0.0204 (4)
C29 0.92430 (19) 0.68278 (15) 0.11489 (15) 0.0244 (4)
H29 0.9021 0.7508 0.0948 0.029*
C30 1.0374 (2) 0.69881 (16) 0.19508 (16) 0.0264 (4)
H30 1.0940 0.7779 0.2304 0.032*
C31 1.07145 (19) 0.59810 (16) 0.22627 (15) 0.0249 (4)
H31 1.1508 0.6104 0.2825 0.030*
C32 0.99184 (18) 0.48391 (15) 0.17669 (14) 0.0208 (4)
H32 1.0161 0.4177 0.1994 0.025*
C33 0.87223 (18) 0.46190 (15) 0.09092 (14) 0.0192 (4)
F1 0.40915 (11) 0.24779 (9) 0.12667 (9) 0.0327 (3)
F2 0.2510 (4) 0.1531 (2) 0.2443 (3) 0.0547 (10) 0.645 (4)
F3 0.1733 (2) 0.1364 (2) 0.0581 (3) 0.0549 (11) 0.645 (4)
F4 0.3399 (3) 0.05825 (18) 0.01761 (18) 0.0455 (8) 0.645 (4)
F5 0.4188 (2) 0.07577 (17) 0.2026 (2) 0.0432 (8) 0.645 (4)
F2′ 0.3311 (7) 0.1323 (6) 0.2590 (4) 0.075 (3) 0.355 (4)
F3′ 0.1746 (4) 0.1825 (3) 0.1473 (5) 0.0555 (17) 0.355 (4)
F4′ 0.2570 (6) 0.1275 (4) −0.0041 (3) 0.066 (2) 0.355 (4)
F5′ 0.4147 (6) 0.0736 (4) 0.1032 (8) 0.087 (3) 0.355 (4)
F6 0.18320 (13) −0.02144 (10) 0.13375 (11) 0.0468 (3)



supporting information

sup-5Acta Cryst. (2009). E65, o1274    

P1 0.29507 (5) 0.11278 (4) 0.12934 (4) 0.02730 (16)

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

N1 0.0184 (7) 0.0182 (7) 0.0149 (8) 0.0068 (6) 0.0022 (6) 0.0015 (6)
N2 0.0189 (7) 0.0162 (7) 0.0146 (8) 0.0065 (6) 0.0007 (6) 0.0022 (5)
C1 0.0358 (11) 0.0290 (11) 0.0294 (11) 0.0094 (9) 0.0118 (9) −0.0018 (8)
C2 0.0348 (12) 0.0277 (11) 0.0437 (14) 0.0042 (9) 0.0139 (10) −0.0022 (9)
C3 0.0293 (11) 0.0254 (10) 0.0358 (12) 0.0089 (8) −0.0007 (9) −0.0068 (8)
C4 0.0307 (11) 0.0321 (11) 0.0208 (10) 0.0162 (8) −0.0003 (8) −0.0044 (8)
C5 0.0252 (10) 0.0271 (10) 0.0236 (10) 0.0129 (8) 0.0031 (8) 0.0030 (7)
C6 0.0220 (9) 0.0238 (9) 0.0207 (10) 0.0129 (7) 0.0035 (7) 0.0024 (7)
C7 0.0216 (9) 0.0240 (9) 0.0200 (10) 0.0119 (7) 0.0034 (7) 0.0013 (7)
C8 0.0180 (9) 0.0176 (9) 0.0161 (9) 0.0033 (7) −0.0022 (7) 0.0036 (7)
C9 0.0241 (10) 0.0243 (10) 0.0199 (10) 0.0074 (8) 0.0033 (8) 0.0041 (7)
C10 0.0275 (10) 0.0285 (10) 0.0180 (10) 0.0024 (8) 0.0025 (8) 0.0078 (7)
C11 0.0271 (10) 0.0245 (10) 0.0254 (11) 0.0060 (8) −0.0033 (8) 0.0096 (8)
C12 0.0216 (9) 0.0166 (9) 0.0234 (10) 0.0020 (7) −0.0052 (7) 0.0035 (7)
C13 0.0280 (10) 0.0199 (9) 0.0280 (11) 0.0101 (8) −0.0058 (8) 0.0046 (7)
C14 0.0251 (10) 0.0184 (9) 0.0317 (11) 0.0100 (8) −0.0018 (8) −0.0001 (7)
C15 0.0215 (9) 0.0173 (9) 0.0203 (10) 0.0058 (7) 0.0001 (7) 0.0000 (7)
C16 0.0154 (8) 0.0145 (8) 0.0185 (9) 0.0031 (6) −0.0031 (7) 0.0020 (6)
C17 0.0171 (9) 0.0174 (8) 0.0152 (9) 0.0057 (7) 0.0001 (7) 0.0023 (6)
C18 0.0152 (8) 0.0150 (8) 0.0185 (9) 0.0016 (6) −0.0032 (7) 0.0005 (7)
C19 0.0273 (10) 0.0218 (9) 0.0148 (9) 0.0113 (7) 0.0053 (7) 0.0029 (7)
C20 0.0241 (9) 0.0204 (9) 0.0156 (9) 0.0105 (7) 0.0080 (7) 0.0040 (7)
C21 0.0230 (9) 0.0228 (9) 0.0157 (9) 0.0086 (7) 0.0080 (7) 0.0060 (7)
C22 0.0281 (10) 0.0210 (9) 0.0200 (10) 0.0068 (7) 0.0080 (8) 0.0039 (7)
C23 0.0279 (10) 0.0262 (10) 0.0225 (10) 0.0026 (8) 0.0030 (8) 0.0001 (8)
C24 0.0246 (10) 0.0376 (11) 0.0235 (11) 0.0076 (8) 0.0001 (8) 0.0059 (8)
C25 0.0267 (10) 0.0318 (11) 0.0239 (10) 0.0127 (8) 0.0052 (8) 0.0088 (8)
C26 0.0235 (9) 0.0246 (9) 0.0160 (9) 0.0104 (7) 0.0072 (7) 0.0049 (7)
C27 0.0285 (10) 0.0231 (9) 0.0199 (10) 0.0139 (8) 0.0068 (8) 0.0073 (7)
C28 0.0230 (9) 0.0206 (9) 0.0199 (10) 0.0094 (7) 0.0059 (7) 0.0040 (7)
C29 0.0314 (10) 0.0200 (9) 0.0236 (10) 0.0109 (8) 0.0065 (8) 0.0028 (7)
C30 0.0289 (10) 0.0207 (10) 0.0267 (11) 0.0056 (8) 0.0052 (8) −0.0013 (7)
C31 0.0230 (9) 0.0294 (10) 0.0211 (10) 0.0080 (8) 0.0031 (7) 0.0024 (8)
C32 0.0238 (9) 0.0227 (9) 0.0191 (10) 0.0108 (7) 0.0062 (7) 0.0058 (7)
C33 0.0222 (9) 0.0224 (9) 0.0153 (9) 0.0091 (7) 0.0070 (7) 0.0046 (7)
F1 0.0280 (6) 0.0320 (6) 0.0335 (7) 0.0037 (5) 0.0002 (5) 0.0139 (5)
F2 0.085 (2) 0.0287 (12) 0.047 (2) 0.0098 (14) 0.0414 (19) −0.0042 (11)
F3 0.0300 (12) 0.0377 (13) 0.089 (3) 0.0041 (10) −0.0160 (14) 0.0271 (14)
F4 0.0612 (18) 0.0338 (12) 0.0269 (12) −0.0031 (11) 0.0200 (11) −0.0041 (9)
F5 0.0394 (13) 0.0247 (10) 0.0576 (17) 0.0043 (8) −0.0149 (12) 0.0163 (10)
F2′ 0.083 (5) 0.074 (4) 0.029 (3) −0.024 (3) −0.008 (3) 0.031 (3)
F3′ 0.030 (2) 0.031 (2) 0.099 (5) 0.0025 (16) 0.022 (2) −0.005 (2)
F4′ 0.072 (4) 0.065 (3) 0.026 (2) −0.016 (3) 0.000 (2) −0.0096 (19)
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F5′ 0.062 (3) 0.031 (2) 0.192 (10) 0.033 (2) 0.064 (5) 0.029 (4)
F6 0.0406 (7) 0.0306 (7) 0.0563 (9) −0.0037 (5) 0.0159 (6) −0.0043 (6)
P1 0.0263 (3) 0.0282 (3) 0.0224 (3) 0.0036 (2) 0.0047 (2) 0.0008 (2)

Geometric parameters (Å, º) 

N1—C17 1.316 (2) C19—C20 1.507 (2)
N1—C8 1.425 (2) C19—H19A 0.9900
N1—C7 1.475 (2) C19—H19B 0.9900
N2—C17 1.312 (2) C20—C21 1.410 (2)
N2—C16 1.428 (2) C20—C33 1.412 (2)
N2—C19 1.501 (2) C21—C22 1.432 (2)
C1—C2 1.387 (3) C21—C26 1.445 (2)
C1—C6 1.390 (3) C22—C23 1.359 (2)
C1—H1 0.9500 C22—H22 0.9500
C2—C3 1.379 (3) C23—C24 1.414 (3)
C2—H2 0.9500 C23—H23 0.9500
C3—C4 1.385 (3) C24—C25 1.358 (2)
C3—H3 0.9500 C24—H24 0.9500
C4—C5 1.386 (2) C25—C26 1.432 (2)
C4—H4 0.9500 C25—H25 0.9500
C5—C6 1.380 (2) C26—C27 1.391 (2)
C5—H5 0.9500 C27—C28 1.393 (2)
C6—C7 1.516 (2) C27—H27 0.9500
C7—H7A 0.9900 C28—C29 1.433 (2)
C7—H7B 0.9900 C28—C33 1.435 (2)
C8—C9 1.374 (2) C29—C30 1.359 (3)
C8—C18 1.420 (2) C29—H29 0.9500
C9—C10 1.408 (2) C30—C31 1.417 (2)
C9—H9 0.9500 C30—H30 0.9500
C10—C11 1.367 (3) C31—C32 1.362 (2)
C10—H10 0.9500 C31—H31 0.9500
C11—C12 1.409 (3) C32—C33 1.433 (2)
C11—H11 0.9500 C32—H32 0.9500
C12—C13 1.418 (3) F1—P1 1.6135 (11)
C12—C18 1.425 (2) F2—P1 1.564 (2)
C13—C14 1.363 (3) F3—P1 1.5353 (19)
C13—H13 0.9500 F4—P1 1.600 (2)
C14—C15 1.410 (2) F5—P1 1.6477 (19)
C14—H14 0.9500 F2′—P1 1.533 (5)
C15—C16 1.372 (2) F3′—P1 1.697 (4)
C15—H15 0.9500 F4′—P1 1.636 (4)
C16—C18 1.411 (2) F5′—P1 1.471 (4)
C17—H17 0.9500 F6—P1 1.6021 (12)

C17—N1—C8 120.62 (14) C22—C23—C24 121.57 (17)
C17—N1—C7 118.36 (14) C22—C23—H23 119.2
C8—N1—C7 121.02 (14) C24—C23—H23 119.2
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C17—N2—C16 120.01 (14) C25—C24—C23 119.87 (18)
C17—N2—C19 120.46 (14) C25—C24—H24 120.1
C16—N2—C19 119.52 (13) C23—C24—H24 120.1
C2—C1—C6 120.56 (18) C24—C25—C26 120.87 (17)
C2—C1—H1 119.7 C24—C25—H25 119.6
C6—C1—H1 119.7 C26—C25—H25 119.6
C3—C2—C1 120.07 (18) C27—C26—C25 120.98 (16)
C3—C2—H2 120.0 C27—C26—C21 119.68 (16)
C1—C2—H2 120.0 C25—C26—C21 119.32 (16)
C2—C3—C4 119.72 (17) C26—C27—C28 121.61 (16)
C2—C3—H3 120.1 C26—C27—H27 119.2
C4—C3—H3 120.1 C28—C27—H27 119.2
C3—C4—C5 119.99 (18) C27—C28—C29 121.05 (16)
C3—C4—H4 120.0 C27—C28—C33 119.59 (15)
C5—C4—H4 120.0 C29—C28—C33 119.36 (16)
C6—C5—C4 120.76 (17) C30—C29—C28 120.69 (16)
C6—C5—H5 119.6 C30—C29—H29 119.7
C4—C5—H5 119.6 C28—C29—H29 119.7
C5—C6—C1 118.88 (16) C29—C30—C31 120.31 (16)
C5—C6—C7 120.93 (16) C29—C30—H30 119.8
C1—C6—C7 120.11 (16) C31—C30—H30 119.8
N1—C7—C6 112.65 (13) C32—C31—C30 120.85 (17)
N1—C7—H7A 109.1 C32—C31—H31 119.6
C6—C7—H7A 109.1 C30—C31—H31 119.6
N1—C7—H7B 109.1 C31—C32—C33 121.20 (16)
C6—C7—H7B 109.1 C31—C32—H32 119.4
H7A—C7—H7B 107.8 C33—C32—H32 119.4
C9—C8—C18 121.59 (16) C20—C33—C32 123.01 (16)
C9—C8—N1 122.67 (15) C20—C33—C28 119.38 (16)
C18—C8—N1 115.74 (15) C32—C33—C28 117.59 (15)
C8—C9—C10 119.04 (17) F5′—P1—F2′ 97.4 (5)
C8—C9—H9 120.5 F5′—P1—F3 134.8 (4)
C10—C9—H9 120.5 F2′—P1—F3 127.7 (3)
C11—C10—C9 121.11 (17) F5′—P1—F2 132.0 (4)
C11—C10—H10 119.4 F2′—P1—F2 34.6 (3)
C9—C10—H10 119.4 F3—P1—F2 93.12 (18)
C10—C11—C12 120.93 (17) F5′—P1—F4 44.5 (3)
C10—C11—H11 119.5 F2′—P1—F4 141.3 (4)
C12—C11—H11 119.5 F3—P1—F4 90.88 (17)
C11—C12—C13 123.40 (16) F2—P1—F4 173.66 (14)
C11—C12—C18 118.90 (16) F5′—P1—F6 94.76 (17)
C13—C12—C18 117.71 (16) F2′—P1—F6 91.31 (19)
C14—C13—C12 121.02 (16) F3—P1—F6 87.39 (9)
C14—C13—H13 119.5 F2—P1—F6 88.91 (11)
C12—C13—H13 119.5 F4—P1—F6 86.36 (8)
C13—C14—C15 121.62 (17) F5′—P1—F1 84.92 (17)
C13—C14—H14 119.2 F2′—P1—F1 87.91 (19)
C15—C14—H14 119.2 F3—P1—F1 93.42 (9)
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C16—C15—C14 118.59 (17) F2—P1—F1 90.69 (11)
C16—C15—H15 120.7 F4—P1—F1 93.98 (8)
C14—C15—H15 120.7 F6—P1—F1 179.11 (7)
C15—C16—C18 121.50 (16) F5′—P1—F4′ 91.6 (4)
C15—C16—N2 122.08 (16) F2′—P1—F4′ 165.3 (3)
C18—C16—N2 116.42 (15) F3—P1—F4′ 43.9 (2)
N2—C17—N1 125.09 (15) F2—P1—F4′ 135.0 (3)
N2—C17—H17 117.5 F4—P1—F4′ 50.3 (2)
N1—C17—H17 117.5 F6—P1—F4′ 99.54 (15)
C16—C18—C8 122.03 (15) F1—P1—F4′ 81.30 (15)
C16—C18—C12 119.56 (16) F5′—P1—F5 43.9 (3)
C8—C18—C12 118.41 (16) F2′—P1—F5 54.1 (3)
N2—C19—C20 112.12 (13) F3—P1—F5 175.39 (11)
N2—C19—H19A 109.2 F2—P1—F5 88.54 (16)
C20—C19—H19A 109.2 F4—P1—F5 87.11 (15)
N2—C19—H19B 109.2 F6—P1—F5 88.35 (9)
C20—C19—H19B 109.2 F1—P1—F5 90.85 (8)
H19A—C19—H19B 107.9 F4′—P1—F5 135.5 (3)
C21—C20—C33 120.73 (15) F5′—P1—F3′ 168.7 (2)
C21—C20—C19 120.84 (15) F2′—P1—F3′ 86.9 (3)
C33—C20—C19 118.35 (15) F3—P1—F3′ 41.43 (18)
C20—C21—C22 123.91 (16) F2—P1—F3′ 52.9 (2)
C20—C21—C26 118.90 (15) F4—P1—F3′ 131.8 (2)
C22—C21—C26 117.19 (16) F6—P1—F3′ 95.57 (13)
C23—C22—C21 121.10 (17) F1—P1—F3′ 84.82 (13)
C23—C22—H22 119.5 F4′—P1—F3′ 82.2 (3)
C21—C22—H22 119.5 F5—P1—F3′ 141.0 (2)

C6—C1—C2—C3 −1.1 (3) N1—C8—C18—C12 −178.82 (14)
C1—C2—C3—C4 1.7 (3) C11—C12—C18—C16 −179.93 (15)
C2—C3—C4—C5 −1.3 (3) C13—C12—C18—C16 0.5 (2)
C3—C4—C5—C6 0.3 (3) C11—C12—C18—C8 0.3 (2)
C4—C5—C6—C1 0.3 (3) C13—C12—C18—C8 −179.26 (14)
C4—C5—C6—C7 −176.36 (16) C17—N2—C19—C20 7.6 (2)
C2—C1—C6—C5 0.1 (3) C16—N2—C19—C20 −171.50 (14)
C2—C1—C6—C7 176.79 (17) N2—C19—C20—C21 −104.92 (18)
C17—N1—C7—C6 −97.27 (17) N2—C19—C20—C33 71.8 (2)
C8—N1—C7—C6 82.48 (19) C33—C20—C21—C22 176.07 (16)
C5—C6—C7—N1 −123.00 (17) C19—C20—C21—C22 −7.2 (3)
C1—C6—C7—N1 60.4 (2) C33—C20—C21—C26 −3.2 (2)
C17—N1—C8—C9 −179.79 (15) C19—C20—C21—C26 173.47 (15)
C7—N1—C8—C9 0.5 (2) C20—C21—C22—C23 −179.96 (17)
C17—N1—C8—C18 −0.3 (2) C26—C21—C22—C23 −0.7 (3)
C7—N1—C8—C18 179.97 (13) C21—C22—C23—C24 −1.8 (3)
C18—C8—C9—C10 −1.6 (3) C22—C23—C24—C25 2.2 (3)
N1—C8—C9—C10 177.89 (15) C23—C24—C25—C26 0.0 (3)
C8—C9—C10—C11 1.5 (3) C24—C25—C26—C27 178.84 (17)
C9—C10—C11—C12 −0.5 (3) C24—C25—C26—C21 −2.5 (3)
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C10—C11—C12—C13 179.12 (16) C20—C21—C26—C27 0.8 (2)
C10—C11—C12—C18 −0.4 (3) C22—C21—C26—C27 −178.56 (15)
C11—C12—C13—C14 −179.60 (16) C20—C21—C26—C25 −177.89 (15)
C18—C12—C13—C14 0.0 (2) C22—C21—C26—C25 2.8 (2)
C12—C13—C14—C15 −0.5 (3) C25—C26—C27—C28 −179.52 (16)
C13—C14—C15—C16 0.5 (3) C21—C26—C27—C28 1.8 (3)
C14—C15—C16—C18 0.0 (2) C26—C27—C28—C29 178.68 (16)
C14—C15—C16—N2 179.37 (15) C26—C27—C28—C33 −2.0 (3)
C17—N2—C16—C15 178.13 (14) C27—C28—C29—C30 179.29 (17)
C19—N2—C16—C15 −2.8 (2) C33—C28—C29—C30 0.0 (3)
C17—N2—C16—C18 −2.4 (2) C28—C29—C30—C31 −0.3 (3)
C19—N2—C16—C18 176.65 (13) C29—C30—C31—C32 0.0 (3)
C16—N2—C17—N1 3.9 (2) C30—C31—C32—C33 0.6 (3)
C19—N2—C17—N1 −175.18 (14) C21—C20—C33—C32 −178.74 (16)
C8—N1—C17—N2 −2.5 (2) C19—C20—C33—C32 4.5 (3)
C7—N1—C17—N2 177.28 (14) C21—C20—C33—C28 3.1 (3)
C15—C16—C18—C8 179.28 (15) C19—C20—C33—C28 −173.69 (15)
N2—C16—C18—C8 −0.2 (2) C31—C32—C33—C20 −179.07 (17)
C15—C16—C18—C12 −0.4 (2) C31—C32—C33—C28 −0.8 (3)
N2—C16—C18—C12 −179.89 (14) C27—C28—C33—C20 −0.5 (3)
C9—C8—C18—C16 −179.03 (15) C29—C28—C33—C20 178.87 (15)
N1—C8—C18—C16 1.5 (2) C27—C28—C33—C32 −178.75 (15)
C9—C8—C18—C12 0.7 (2) C29—C28—C33—C32 0.6 (2)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C10—H10···F5i 0.95 2.52 3.327 (3) 142
C11—H11···F2i 0.95 2.53 3.393 (4) 151
C19—H19A···F4ii 0.99 2.48 3.368 (3) 150
C27—H27···F1iii 0.95 2.47 3.401 (2) 165
C29—H29···F3iii 0.95 2.55 3.400 (3) 149

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


