organic compounds

CrossMark

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

2,6-Bis(3-fluorophenyl)-3-isopropyl-
piperidin-4-one

R. Ramachandran,® M. Rani,” S. Kabilan® and Yeon Tae
Jeong®*

“Department of Image Science and Engineering, Pukyong National University, Busan
608 739, Republic of Korea, and l’Department of Chemistry, Annamalai University,
Annamalai Nagar 608 002, Tamil Nadu, India

Correspondence e-mail: ytjeong@pknu.ac.kr

Received 6 May 2010; accepted 23 June 2010

Key indicators: single-crystal X-ray study; T = 292 K; mean o(C—C) = 0.003 A;
R factor = 0.057; wR factor = 0.178; data-to-parameter ratio = 19.1.

In the title compound, C,oH,F,NO, the piperidine ring in
each of the two independent molecules in the asymmetric unit
adopts a normal chair conformation with an equatorial
orientation of the 3-fluorophenyl groups. The dihedral angles
between the two 3-fluorophenyl rings are 49.89 (7) and
50.35 (7)° in the two molecules.

Related literature

For background to piperidine-4-ones and related structures,
see: Noller & Baliah (1948); Gayathri et al. (2008); Rama-
chandran et al. (2007); Pandiarajan et al. (1986). For ring
conformational analysis, see: Cremer & Pople (1975); Nardelli
(1983).
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Experimental

Crystal data

b =12.7612 (4) A

¢ =30.8613 (9) A

B =91.892 (2)°

V = 347233 (19) A®
Z=8

Data collection

Bruker Kappa APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 1999)
Tmin = 0.893, Tyax = 0.982

Refinement

R[F? > 20(F%)] = 0.057
wR(F?) = 0.178

S =1.01

Mo Ko radiation
w=0.09 mm
T=292K

0.30 x 0.25 x 0.20 mm

39632 measured reflections
8517 independent reflections
4760 reflections with 7 > 20(1)
Rin = 0.051

H atoms treated by a mixture of
independent and constrained
refinement

8517 reflections
445 parameters

Apiax = 036 € A7
Apmin = —026 ¢ A7

Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT-
Plus (Bruker, 2004); data reduction: SAINT-Plus; program(s) used to
solve structure: SIR92 (Altomare et al., 1993); program(s) used to
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
ORTEP-3 (Farrugia, 1997); software used to prepare material for
publication: SHELXL97.

This research was supported by the Industrial Technology
Development Program, which was conducted by the Ministry
of Knowledge Economy of the Korean Government and by
the 2010 Post-Doc. Research Program funded by Pukyong
National University. The authors are also grateful to the SAIF,
Indian Institute of Technology, Madras, for the data collection.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: RK2203).

References

Altomare, A., Cascarano, G., Giacovazzo, C. & Guagliardi, A. (1993). J. Appl.
Cryst. 26, 343-350.

Bruker (1999). SADABS. Bruker AXS Inc., Madison, Wisconsin, USA.

Bruker (2004). APEX2 and SAINT-Plus. Bruker AXS Inc., Madison,
Wisconsin, USA.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354-1358.

Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.

Gayathri, D., Velmurugan, D., Aridoss, G., Kabilan, S. & Ravikumar, K.
(2008). Acta Cryst. E64, 0429.

Nardelli, M. (1983). Acta Cryst. C39, 1141-1142.

Noller, C. R. & Baliah, V. (1948). J. Am. Chem. Soc. 70, 3853-3855.

Pandiarajan, K., Sabapathy Mohan, R. T., Misbah Ul Hasan. (1986). Magn.
Reson. Chem. 24, 312-316.

Ramachandran, R., Parthiban, P, Doddi, A., Ramkumar, V. & Kabilan, S.
(2007). Acta Cryst. E63, 04559.

CaoH2 F,NO Monoclinic, P2, /c Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.
M, = 329.38 a=88217(3) A
01860 Ramachandran et al. doi:10.1107/51600536810024414 Acta Cryst. (2010). E66, 01860


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=rk2203&bbid=BB11
https://crossmark.crossref.org/dialog/?doi=10.1107/S1600536810024414&domain=pdf&date_stamp=2010-06-30

supporting information

Acta Cryst. (2010). E66, 01860 [doi:10.1107/S1600536810024414]
2,6-Bis(3-fluorophenyl)-3-isopropylpiperidin-4-one
R. Ramachandran, M. Rani, S. Kabilan and Yeon Tae Jeong

S1. Comment

Heteroatom containing six-membered cyclic compounds possess interesting stereochemistry such as conformation of the
ring and orientation of the substituents. Several piperidin-4-ones were reported and analyzed their ring conformations by
Noller & Baliah, 1948; Pandiarajan ef al., 1986. The present investigation was undertaken to establish the structure,
conformation of the heterocyclic ring and orientation of the 3-fluorophenyl groups by X-ray diffraction analysis.

In the molecular structure of title compound, six-membered heterocyclic ring (Fig.1) adopts normal chair conformation
with the puckering parameters (Cremer & Pople, 1975) and the smallest displacement asymmetry parameters (Nardelli,
1983) being q; and q; are 0.082 (2)A and -0.577 (2)A, respectively. The total puckering amplitude, Q:=0.5823 (19)A;
6=171.9 (2)°. The dihedral angle between the 3-fluorophenyl rings is 49.89 (7)° and 50.35 (7)° of molecule A and B

respectively.

S$2. Experimental
The title compound was prepared by the condensation of 4-methylpentan-2-one, 3-fluorobenzaldehyde and ammonium
acetate in 1:2:1 molar ratio as reported by Gayathri et al., 2008; Ramachandran et al., 2007. Diffraction quality crystals

were obtained by recrystalization of the crude sample from ethanol.

S3. Refinement

The hydrogen atoms were positioned and refined using a riding model, with aromatic C—H = 0.93A, methine C—H =
0.98A, methylene C—H = 0.97A and methyl C—H = 0.96A. The displacement parameters were set for phenyl, methyl-
ene and aliphatic H atoms at Uj,,(H) = 1.2U(C) and 1.5U(methyl C).
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supporting information

Figure 1

The molecular structure of title compound with the atom numbering scheme. Displacement ellipsoids are shown at 30%

probability level. H atoms are presented as a small spheres of arbitrary radius.

2,6-Bis(3-fluorophenyl)-3-isopropylpiperidin-4-one

Crystal data

CyHa F2NO

M, =329.38
Monoclinic, P2/c
Hall symbol: -P 2ybc
a=88217(3) A
b=12.7612 (4) A
c=30.8613 (9) A
£=91.892 (2)°
V=13472.33 (19) A®
Z=38

Data collection

Bruker Kappa APEXII CCD
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

w and ¢ scans

Absorption correction: multi-scan
(SADABS; Bruker, 1999)

Tnin = 0.893, Trnax = 0.982

F(000) = 1392

D,=1.260 Mg m™

Mo Ko radiation, 2 =0.71073 A

Cell parameters from 6010 reflections
0=24-28.1°

4 =0.09 mm™

T=292K

Block, colourless

0.30 x 0.25 x 0.20 mm

39632 measured reflections
8517 independent reflections
4760 reflections with /> 2a([)
Ry =0.051

Omax = 28.2°, Opin = 1.3°
h=-11-11

k=-16—14

[=-40—41
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Refinement

Refinement on F? Secondary atom site location: difference Fourier
Least-squares matrix: full map

R[F?>20(F?)] = 0.057 Hydrogen site location: inferred from

wR(F?) =0.178 neighbouring sites

§=1.01 H atoms treated by a mixture of independent
8517 reflections and constrained refinement

445 parameters w = 1/[c*(F,*) + (0.0848P)* + 0.3074P]

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

where P = (F,> + 2F2)/3
(A/0)max = 0.001
Apma =036 ¢ A3
Apmin=—0.26¢ A3

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two L.s. planes) are estimated using the full covariance
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles;
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving 1.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > o(F?) is used
only for calculating 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 (42)

X y z Uiso™ Ueq
ClA 0.5616 (2) 0.27192 (15) 0.87176 (6) 0.0366 (4)
HI1A 0.6150 0.3388 0.8688 0.044*
C1B 0.9557 (2) 0.30455 (15) 1.11617 (6) 0.0371 (4)
HIB 0.9030 0.3722 1.1149 0.045*
C2A 0.3926 (2) 0.28694 (15) 0.85761 (6) 0.0364 (4)
H2A 0.3414 0.2210 0.8643 0.044*
C2B 1.1232 (2) 0.32290 (15) 1.13062 (6) 0.0388 (5)
H2B 1.1740 0.2550 1.1281 0.047*
C3A 0.3289 (2) 0.36851 (16) 0.88737 (6) 0.0412 (5)
C3B 1.1915 (2) 0.39359 (16) 1.09703 (7) 0.0427 (5)
C4A 0.3518 (2) 0.34547 (17) 0.93482 (6) 0.0451 (5)
H4A1 0.2892 0.2862 0.9424 0.054*
H4A2 0.3195 0.4055 0.9515 0.054*
C4B 1.1707 (2) 0.35693 (17) 1.05111 (7) 0.0475 (5)
H4B1 1.2337 0.2958 1.0468 0.057*
H4B2 1.2041 0.4115 1.0318 0.057*
C5A 0.5175 (2) 0.32094 (15) 0.94670 (6) 0.0395 (5)
H5A 0.5788 0.3842 0.9430 0.047*
C5B 1.0058 (2) 0.32934 (16) 1.03953 (6) 0.0403 (5)
H5B 0.9445 0.3934 1.0395 0.048*
C6A 0.6404 (2) 0.18931 (15) 0.84562 (6) 0.0377 (5)
C6B 0.8732 (2) 0.23227 (15) 1.14601 (6) 0.0377 (5)
C7A 0.6125 (2) 0.08430 (17) 0.85276 (7) 0.0485 (5)
H7A 0.5421 0.0633 0.8728 0.058*
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C7B

H7B

C8A

C8B

C9A

HOA

C9B

H9B

C10A
HIOA
C10B
H10B
Cl1A
HITA
C11B
H11B
CI12A
C12B
CI3A
HI13A
C13B
HI3B
Cl4A
C14B
C15A
HI5A
C15B
H15B
C16A
HI6A
Cl16B
H16B
CI17A
HI7A
C17B
H17B
C18A
HI8A
C18B
H18B
CI9A
HI9A
HI19B
H19C
C19B
HI19D
HI9E
HI19F

0.8963 (2)
0.9655
0.6905 (3)
0.8156 (3)
0.7939 (3)
0.8445
0.7152 (3)
0.6634
0.8211 (3)
0.8909
0.6930 (3)
0.6248
0.7448 (2)
0.7641
0.7709 (2)
0.7546
0.5327 (2)
0.9932 (2)
0.5026 (3)
0.4792
1.0278 (3)
1.0536
0.5078 (3)
1.0231 (4)
0.5410 (3)
0.5438
0.9867 (3)
0.9845
0.5700 (2)
0.5914
0.9538 (3)
0.9301
0.5677 (2)
0.5901
0.9551 (2)
0.9298
0.3643 (2)
0.4135
1.1476 (2)
1.0948
0.1956 (3)
0.1428
0.1560
0.1818
1.3150 (3)
1.3512
1.3270
1.3720

0.12508 (17)
0.0970
0.01198 (18)
0.06144 (18)
0.0373 (2)
—0.0145
0.0976 (2)
0.0519
0.1411 (2)
0.1610
0.2037 (2)
0.2308
0.21651 (18)
0.2870
0.27066 (18)
0.3425
0.28483 (16)
0.27947 (16)
0.18218 (18)
0.1330
0.17523 (18)
0.1332
0.15399 (19)
0.13474 (19)
0.2215 (2)
0.1993
0.1915 (2)
0.1610
0.32323 (19)
0.3719
0.2944 (2)
0.3359
0.35430 (17)
0.4235
0.33769 (18)
0.4080
0.30560 (16)
0.2477
0.35704 (17)
0.3055
0.29873 (19)
0.3554
0.2332
0.3033
0.3509 (2)
0.2808
0.3692
0.3987

1.14395 (7)
1.1250
0.82973 (8)
1.17018 (8)
0.79971 (8)
0.7847
1.19913 (7)
1.2168
0.79231 (7)
0.7719
1.20142 (7)
1.2209
0.81522 (6)
0.8101
1.17510 (6)
1.1769
0.99315 (6)
0.99536 (6)
1.00394 (7)
0.9825
0.98992 (7)
1.0136
1.04681 (8)
0.94869 (8)
1.07965 (7)
1.1084
0.91260 (7)
0.8852
1.06900 (7)
1.0908
0.91814 (7)
0.8941
1.02624 (6)
1.0195
0.95890 (7)
0.9620
0.80898 (6)
0.7940
1.17792 (6)
1.1955
0.79675 (8)
0.8101
0.8066
0.7658
1.19177 (8)
1.1875
1.2219
1.1747

0.0482 (5)
0.058*
0.0595 (6)
0.0571 (6)
0.0613 (7)
0.074*
0.0612 (7)
0.073*
0.0575 (6)
0.069*
0.0571 (6)
0.069*
0.0465 (5)
0.056*
0.0466 (5)
0.056*
0.0408 (5)
0.0425 (5)
0.0600 (6)
0.072*
0.0651 (7)
0.078*
0.0669 (7)
0.0729 (8)
0.0580 (6)
0.070*
0.0621 (7)
0.074*
0.0532 (6)
0.064*
0.0555 (6)
0.067*
0.0457 (5)
0.055*
0.0488 (5)
0.059*
0.0449 (5)
0.054*
0.0479 (5)
0.057*
0.0609 (6)
0.091*
0.091*
0.091*
0.0688 (7)
0.103*
0.103*
0.103*
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C20A 0.4336 (3) 0.4060 (2) 0.79204 (7) 0.0645 (7)
H20A 0.4177 0.4094 0.7612 0.097*
H20B 0.5405 0.4066 0.7990 0.097*
H20C 0.3866 0.4652 0.8052 0.097*
C20B 1.0808 (3) 0.46335 (18) 1.18874 (8) 0.0662 (7)
H20D 1.0878 0.4742 1.2195 0.099*
H20E 0.9764 0.4656 1.1791 0.099%*
H20F 1.1362 0.5173 1.1745 0.099%*
N1A 0.5684 (2) 0.23981 (13) 0.91734 (5) 0.0394 (4)
N1B 0.9526 (2) 0.25835 (13) 1.07272 (5) 0.0403 (4)
Ol1A 0.26770 (19) 0.44834 (12) 0.87504 (5) 0.0625 (5)
O1B 1.2548 (2) 0.47534 (12) 1.10547 (5) 0.0654 (5)
F1A 0.6646 (2) —0.09068 (12) 0.83741 (6) 0.1012 (6)
FIB 0.8356 (2) —0.04357 (12) 1.16716 (6) 0.0985 (6)
F2A 0.4787 (3) 0.05316 (13) 1.05680 (5) 0.1244 (8)
F2B 1.0578 (3) 0.03231 (13) 0.94412 (6) 0.1389 (10)
H1D 0.856 (3) 0.2386 (16) 1.0657 (7) 0.052 (6)*
H1C 0.669 (3) 0.2223 (17) 0.9257 (7) 0.058 (7)*
Atomic displacement parameters (42)

Ull l]22 U33 U12 U13 U23
CIl1A 0.0388 (11) 0.0361 (11) 0.0351 (10) —0.0011 (8) 0.0032 (8) —0.0007 (8)
CIB 0.0381 (11) 0.0332 (11) 0.0402 (10) 0.0023 (8) 0.0014 (8) —0.0025 (8)
C2A 0.0365 (11) 0.0328 (10) 0.0399 (10) —0.0015 (8) 0.0015 (8) 0.0006 (8)
C2B 0.0387 (11) 0.0322 (11) 0.0451 (11) 0.0026 (8) —0.0022 (9) —0.0017 (8)
C3A 0.0369 (11) 0.0395 (12) 0.0471 (11) 0.0010 (9) 0.0012 (9) —0.0022 (9)
C3B 0.0375 (11) 0.0370 (12) 0.0536 (12) —0.0008 (9) 0.0014 (9) —0.0025 (9)
C4A 0.0465 (13) 0.0485 (13) 0.0409 (11) 0.0042 (10) 0.0078 (9) —0.0069 (9)
C4B 0.0451 (13) 0.0474 (13) 0.0505 (12) —0.0076 (10) 0.0107 (10) 0.0012 (10)
C5A 0.0433 (12) 0.0376 (11) 0.0377 (10) —0.0043 (9) 0.0039 (8) —0.0043 (8)
C5B 0.0419 (12) 0.0388 (11) 0.0404 (11) 0.0031 (9) 0.0055 (9) 0.0008 (8)
C6A 0.0354 (11) 0.0430 (12) 0.0344 (10) 0.0009 (9) —0.0014 (8) —0.0012 (8)
C6B 0.0359 (11) 0.0428 (12) 0.0343 (10) —0.0007 (9) —0.0015 (8) —0.0021 (8)
C7A 0.0498 (13) 0.0427 (13) 0.0534 (13) 0.0014 (10) 0.0071 (10) —0.0024 (10)
C7B 0.0456 (13) 0.0454 (13) 0.0544 (13) 0.0015 (10) 0.0131 (10) 0.0013 (10)
C8A 0.0668 (17) 0.0393 (14) 0.0718 (16) 0.0071 (12) —0.0052 (13) —0.0091 (11)
C8B 0.0586 (15) 0.0436 (14) 0.0693 (15) —0.0014 (11) 0.0083 (12) 0.0116 (11)
C9A 0.0523 (15) 0.0726 (18) 0.0590 (15) 0.0171 (13) 0.0010 (12) —0.0252 (13)
C9B 0.0526 (15) 0.0786 (19) 0.0529 (14) —0.0085 (13) 0.0094 (11) 0.0169 (12)
CI0A 0.0488 (14) 0.0801 (19) 0.0438 (12) 0.0081 (12) 0.0051 (10) —0.0104 (12)
C10B 0.0472 (14) 0.0838 (19) 0.0409 (12) 0.0005 (12) 0.0106 (10) —0.0040 (12)
CIl1A 0.0433 (12) 0.0547 (14) 0.0415 (11) 0.0016 (10) 0.0022 (9) 0.0001 (10)
Cl11B 0.0457 (13) 0.0539 (14) 0.0404 (11) 0.0043 (10) 0.0037 (9) —0.0081 (9)
CI2A 0.0407 (11) 0.0427 (12) 0.0390 (10) 0.0001 (9) 0.0030 (8) —0.0031 (9)
C12B 0.0414 (12) 0.0428 (12) 0.0437 (11) —0.0042 (9) 0.0060 (9) 0.0010 (9)
CI3A 0.0956 (19) 0.0450 (14) 0.0399 (12) —0.0079 (13) 0.0074 (12) —0.0055 (10)
CI13B 0.106 (2) 0.0470 (14) 0.0424 (13) 0.0049 (14) 0.0072 (13) 0.0029 (10)
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Cl4A 0.101 (2) 0.0508 (16) 0.0496 (14) —0.0053 (14) 0.0073 (13) 0.0063 (11)
C14B 0.122 (2) 0.0415 (15) 0.0561 (15) —0.0038 (14) 0.0135 (15) —0.0087 (11)
CI15A 0.0604 (15) 0.0767 (18) 0.0368 (11) 0.0055 (13) —0.0013 (10) 0.0026 (11)
C15B 0.0673 (17) 0.0756 (19) 0.0434 (13) —0.0119 (14) 0.0030 (11) —0.0074 (12)
C16A 0.0474 (13) 0.0684 (17) 0.0433 (12) 0.0056 (11) —0.0069 (10) —0.0156 (11)
C16B 0.0502 (14) 0.0731 (17) 0.0429 (12) —0.0033 (12) —0.0043 (10) 0.0073 (11)
C17A 0.0414 (12) 0.0494 (13) 0.0461 (12) 0.0012 (10) —0.0017 (9) —0.0087 (9)
C17B 0.0452 (13) 0.0516 (14) 0.0495 (13) —0.0010 (10) —0.0010 (10) 0.0047 (10)
CI18A 0.0494 (13) 0.0453 (12) 0.0396 (11) 0.0094 (10) —0.0031 (9) —0.0012 (9)
C18B 0.0535 (14) 0.0446 (13) 0.0449 (12) —0.0043 (10) —0.0073 (10) —0.0020 (9)
CI19A 0.0599 (16) 0.0618 (16) 0.0596 (14) 0.0046 (12) —0.0197 (12) —0.0018 (12)
C19B 0.0661 (17) 0.0626 (17) 0.0757 (17) —0.0040 (13) —0.0266 (13) —0.0016 (13)
C20A 0.0616 (16) 0.0756 (18) 0.0565 (14) 0.0027 (13) 0.0059 (12) 0.0235 (12)
C20B 0.0739 (18) 0.0630 (17) 0.0613 (15) 0.0052 (13) —0.0056 (13) —0.0226 (12)
NIA 0.0406 (10) 0.0427 (10) 0.0349 (9) 0.0067 (8) 0.0027 (7) —0.0009 (7)
NIB 0.0400 (10) 0.0431 (10) 0.0379 (9) —0.0078 (8) 0.0035 (7) —0.0030 (7)
OlA 0.0752 (12) 0.0512 (10) 0.0609 (10) 0.0247 (9) —0.0019 (8) —0.0015 (8)
Ol1B 0.0754 (12) 0.0515 (10) 0.0695 (11) —0.0248 (9) 0.0036 (9) —0.0024 (8)
FI1A 0.1198 (15) 0.0471 (10) 0.1379 (15) 0.0088 (9) 0.0230 (12) —0.0122 (9)
FIB 0.1071 (14) 0.0511 (10) 0.1397 (15) —0.0017 (9) 0.0408 (11) 0.0226 (9)
F2A 0.243 (3) 0.0645 (11) 0.0667 (11) —0.0309 (13) 0.0118 (13) 0.0188 (8)
F2B 0.288 (3) 0.0562 (11) 0.0733 (12) 0.0189 (14) 0.0228 (14) —0.0154 (8)
Geometric parameters (A, ©)

ClIA—NI1A 1.465 (2) C10A—H10A 0.9300
C1A—C6A 1.511 (3) C10B—C11B 1.378 (3)
Cl1A—C2A 1.551 (3) C10B—H10B 0.9300
ClA—HI1A 0.9800 CI1A—HI1A 0.9300
C1B—NIB 1.464 (2) Cl11B—HI11B 0.9300
C1B—C6B 1.507 (3) CI12A—CI17A 1.379 (3)
C1B—C2B 1.547 (3) C12A—CI13A 1.380 (3)
C1B—HIB 0.9800 C12B—C13B 1.376 (3)
C2A—C3A 1.509 (3) C12B—C17B 1.381 (3)
C2A—CI18A 1.532 (3) CI3A—CI14A 1.370 (3)
C2A—H2A 0.9800 CI3A—HI13A 0.9300
C2B—C3B 1.514 (3) C13B—C14B 1.373 (3)
C2B—C18B 1.532 (3) C13B—H13B 0.9300
C2B—H2B 0.9800 Cl4A—F2A 1.350 (3)
C3A—O01A 1.208 (2) Cl4A—CI15A 1.354 (3)
C3A—C4A 1.501 (3) Cl14B—F2B 1.351 (3)
C3B—OI1B 1.208 (2) C14B—C15B 1.358 (3)
C3B—C4B 1.498 (3) CI5A—CI16A 1.366 (3)
C4A—C5A 1.528 (3) CI5A—HI5A 0.9300
C4A—H4A1 0.9700 C15B—C16B 1.357 (3)
C4A—HA4A2 0.9700 C15B—H15B 0.9300
C4B—C5B 1.528 (3) Cl16A—CI17A 1.377 (3)
C4B—H4B1 0.9700 Cl16A—HI16A 0.9300
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supporting information

C4B—H4B2
C5A—NI1A
C5A—CI2A
C5A—HS5A
C5B—NI1B
C5B—Cl12B
C5B—H5B
C6A—CI1A
C6A—CT7A
C6B—Cl11B
C6B—C7B
C7A—CS8A
C7TA—HTA
C7B—C8B
C7B—H7B
C8A—F1A
C8A—C9A
C8B—FI1B
C8B—C9B
CI9A—CI0A
CO9A—HO9A
C9B—C10B
C9B—H9B
Cl10A—CI11A

NIA—C1A—C6A
N1A—C1A—C2A
C6A—CIA—C2A
N1IA—C1A—HI1A
C6A—CIA—HIA
C2A—CI1A—HIA
NIB—C1B—C6B
N1B—C1B—C2B
C6B—C1B—C2B
N1B—CI1B—HI1B
C6B—C1B—HIB
C2B—C1B—HI1B
C3A—C2A—CI8A
C3A—C2A—C1A
C18A—C2A—CI1A
C3A—C2A—H2A
C18A—C2A—H2A
C1A—C2A—H2A
C3B—C2B—CI18B
C3B—C2B—CI1B
C18B—C2B—CI1B
C3B—C2B—H2B
C18B—C2B—H2B

0.9700
1.456 (2)
1.508 (3)
0.9800

1.456 (2)
1.505 (3)
0.9800

1.380 (3)
1.382 (3)
1.383 (3)
1.385 (3)
1.365 (3)
0.9300

1.364 (3)
0.9300

1.352 (3)
1.360 (4)
1.355 (3)
1.359 (3)
1.368 (3)
0.9300

1.370 3)
0.9300

1.382 (3)

108.22 (15)
108.26 (15)
113.02 (15)
109.1
109.1
109.1
108.57 (15)
108.26 (15)
113.08 (15)
109.0
109.0
109.0
115.91 (16)
106.73 (15)
114.78 (16)
106.2
106.2
106.2
115.87 (17)
106.91 (15)
114.87 (16)
106.1
106.1

C16B—C17B
Cl6B—H16B
C17A—H17A
C17B—H17B
C18A—C20A
CI8A—CI19A
C18A—HI18A
C18B—C20B
C18B—C19B
C18B—HI18B
C19A—HI19A
C19A—HI19B
C19A—H19C
C19B—H19D
C19B—HI19E
CI9B—HI9F
C20A—H20A
C20A—H20B
C20A—H20C
C20B—H20D
C20B—H20E
C20B—H20F
NI1A—HIC
N1B—HID

C6A—C11A—CI10A
C6A—CI11A—HI11A
Cl10A—CI11A—HI11A
C10B—C11B—C6B
C10B—C11B—HI11B
C6B—C11B—HI11B
C17A—C12A—C13A
C17A—C12A—CS5A
C13A—C12A—C5A
C13B—C12B—C17B
C13B—C12B—C5B
C17B—C12B—C5B
C14A—C13A—CI12A
C14A—C13A—HI13A
C12A—CI13A—HI13A
C14B—C13B—C12B
C14B—C13B—H13B
C12B—C13B—H13B
F2A—C14A—CI5A
F2A—C14A—C13A
CI5A—CI14A—CI3A
F2B—C14B—C15B
F2B—C14B—C13B

1.374 (3)
0.9300
0.9300
0.9300
1.520 (3)
1.526 (3)
0.9800
1.520 (3)
1.526 (3)
0.9800
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.94 (2)
0.90 (2)

1213 (2)
119.3

119.3

120.8 (2)
119.6

119.6
118.14 (19)
121.22 (19)
120.51 (17)
118.02 (19)
120.61 (18)
121.27 (19)
118.8 (2)
120.6
120.6

118.5 (2)
120.8

120.8

118.2 (2)
118.0 (2)
123.7 (2)
118.6 (2)
117.5 2)
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supporting information

C1B—C2B—H2B
O1A—C3A—C4A
O1A—C3A—C2A
C4A—C3A—C2A
O1B—C3B—C4B
01B—C3B—C2B
C4B—C3B—C2B
C3A—C4A—C5A
C3A—C4A—H4A1
C5A—C4A—H4A1
C3A—C4A—H4A2
C5A—C4A—HA4A2
H4A1—C4A—H4A2
C3B—C4B—C5B
C3B—C4B—H4B1
C5B—C4B—H4B1
C3B—C4B—H4B2
C5B—C4B—H4B2
H4B1—C4B—H4B2
NIA—C5A—CI12A
NIA—C5A—C4A
C12A—C5A—C4A
NIA—C5A—HS5SA
C12A—C5A—HS5A
C4A—C5A—H5A
N1B—C5B—CI12B
NIB—C5B—C4B
C12B—C5B—C4B
N1B—C5B—H5B
C12B—C5B—HS5B
C4B—C5B—HS5B
Cl11A—C6A—CT7A
Cl11A—C6A—CI1A
C7TA—C6A—CI1A
C11B—C6B—C7B
C11B—C6B—CI1B
C7B—C6B—C1B
C8A—C7A—C6A
C8A—C7A—H7A
C6A—C7A—HTA
C8B—C7B—C6B
C8B—C7B—H7B
C6B—C7B—H7B
FIA—C8A—C9A
FIA—C8A—CTA
CI9A—C8A—CTA
FIB—C8B—C9B
FIB—C8B—C7B

106.1
121.10 (19)
124.16 (19)
114.71 (17)
121.01 (19)
123.97 (19)
114.99 (17)
111.77 (16)
109.3

109.3

109.3

109.3

107.9
112.31 (17)
109.1

109.1

109.1

109.1

107.9
110.77 (16)
107.98 (15)
110.20 (16)
109.3

109.3

109.3
110.99 (16)
107.76 (16)
110.50 (16)
109.2

109.2

109.2
118.61 (19)
121.09 (18)
120.27 (18)
118.67 (19)
121.19 (18)
120.11 (18)
118.5 (2)
120.8

120.8

118.7 (2)
120.6
120.6

118.0 (2)
118.2 (2)
123.7 (2)
118.1 (2)
118.4 (2)

C15B—C14B—C13B
C14A—C15A—CI16A
C14A—C15A—HI15A
Cl16A—CI15A—HI15A
C16B—C15B—C14B
C16B—C15B—H15B
C14B—C15B—H15B
CI15A—C16A—C17A
C15A—C16A—H16A
C17A—C16A—HI16A
C15B—C16B—C17B
C15B—C16B—H16B
C17B—C16B—H16B
C16A—C17A—CI12A
C16A—C17A—HI17A
C12A—C17A—HI17A
C16B—C17B—CI12B
C16B—C17B—H17B
C12B—C17B—H17B
C20A—C18A—C19A
C20A—C18A—C2A
CI9A—C18A—C2A
C20A—C18A—HI18A
C19A—C18A—HIS8A
C2A—CI8A—HI18A
C20B—C18B—C19B
C20B—C18B—C2B
C19B—C18B—C2B
C20B—C18B—H18B
C19B—C18B—H18B
C2B—C18B—H18B
C18A—C19A—HI9%A
C18A—C19A—H19B
HI9A—C19A—HI19B
CI8A—CI19A—HI19C
H19A—C19A—H19C
H19B—C19A—H19C
C18B—C19B—H19D
C18B—C19B—HI19E
H19D—C19B—HI9E
C18B—C19B—HI19F
H19D—C19B—HI19F
HI9E—C19B—H19F
C18A—C20A—H20A
C18A—C20A—H20B
H20A—C20A—H20B
CI18A—C20A—H20C
H20A—C20A—H20C

124.0 (2)
117.5 (2)
121.2
121.2
117.3 2)
121.4
121.4
120.5 (2)
119.8

119.8
120.6 (2)
119.7
119.7

121.3 (2)
119.3

119.3
121.6 (2)
119.2
119.2
11135 (17)
114.42 (17)
111.09 (18)
106.5
106.5
106.5
111.27 (18)
114.81 (17)
110.89 (19)
106.4
106.4
106.4
109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5
109.5
109.5
109.5

109.5

109.5

109.5

109.5

109.5
109.5
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supporting information

C9B—C8B—C7B
C8A—C9A—C10A
C8A—C9A—HOA
C10A—C9A—H9A
C8B—C9B—C10B
C8B—C9B—H9B
C10B—C9B—H9B
CI9A—CI0A—CII1A
C9A—CI0A—HI10A
C11A—C10A—HI10A
C9B—C10B—Cl11B
C9B—C10B—H10B
C11B—C10B—H10B

N1A—C1A—C2A—C3A
C6A—CIA—C2A—C3A
N1IA—C1A—C2A—C18A
C6A—CIA—C2A—CI18A
N1B—C1B—C2B—C3B
C6B—C1B—C2B—C3B
N1B—C1B—C2B—C18B
C6B—C1B—C2B—C18B
C18A—C2A—C3A—O01A
ClA—C2A—C3A—O1A
C18A—C2A—C3A—C4A
C1A—C2A—C3A—C4A
C18B—C2B—C3B—O1B
C1B—C2B—C3B—O01B
C18B—C2B—C3B—C4B
C1B—C2B—C3B—(C4B
O1A—C3A—C4A—CS5A
C2A—C3A—C4A—C5A
O1B—C3B—C4B—C5B
C2B—C3B—C4B—C5B
C3A—C4A—C5A—NI1A
C3A—C4A—C5A—CI12A
C3B—C4B—C5B—N1B
C3B—C4B—C5B—CI12B
N1A—C1A—C6A—CI11A
C2A—CI1A—C6A—CI11A
NIA—C1A—C6A—CTA
C2A—CIA—C6A—CTA
N1B—C1B—C6B—C11B
C2B—C1B—C6B—CI11B
N1B—C1B—C6B—C7B
C2B—C1B—C6B—C7B
C11A—C6A—C7A—C8A
Cl1A—C6A—C7A—C8A

123.5(2)
118.0 (2)
121.0
121.0
117.8 (2)
121.1
121.1
119.8 (2)
120.1
120.1
120.5 (2)
119.8
119.8

58.33 (19)
178.18 (16)
~171.79 (16)
~51.9(2)
57.92 (19)
178.26 (15)
~172.02 (16)
~51.7 (2)
-5.0 (3)
124.3 (2)
177.13 (17)
~53.6 (2)
-4.0 (3)
125.5 (2)
178.10 (18)
~52.4(2)
~126.3 (2)
517 (2)
~127.6 (2)
50.3 (2)
~51.7(2)
~172.77 (17)
-51.0 (2)
~172.41 (17)
~133.00 (19)
107.1 (2)
45.0 (2)
~74.9 (2)
~135.60 (19)
104.2 (2)
42.8(2)
~77.3 (2)
0.6 (3)
~177.38 (19)

H20B—C20A—H20C
C18B—C20B—H20D
C18B—C20B—H20E
H20D—C20B—H20E
C18B—C20B—H20F
H20D—C20B—H20F
H20E—C20B—H20F
C5A—N1A—CIA
C5A—N1A—HIC
Cl1A—N1A—HIC
C5B—N1B—CI1B
C5B—NIB—HI1D
C1B—N1B—HID

CIA—CI0A—CI1A—Co6A
C9B—C10B—C11B—C6B
C7B—C6B—C11B—C10B
C1B—C6B—C11B—C10B
NIA—C5A—CI12A—CI17A
C4A—C5A—CI12A—CI17A
N1A—C5A—C12A—C13A
C4A—C5A—C12A—C13A
N1B—C5B—C12B—C13B
C4B—C5B—C12B—CI13B
N1B—C5B—C12B—C17B
C4B—C5B—C12B—C17B
C17A—CI12A—CI3A—CI14A
C5A—C12A—C13A—Cl14A
C17B—C12B—C13B—C14B
C5B—C12B—C13B—C14B
C12A—C13A—C14A—F2A
C12A—C13A—C14A—CI15A
C12B—C13B—C14B—F2B
C12B—C13B—C14B—C15B
F2A—C14A—C15A—CI16A
CI13A—C14A—C15A—C16A
F2B—C14B—C15B—C16B
C13B—C14B—C15B—C16B
Cl14A—CI15A—CI16A—CI17A
C14B—C15B—C16B—C17B
C15A—C16A—C17A—CI12A
C13A—C12A—C17A—C16A
C5A—CI12A—C17A—CI16A
C15B—C16B—C17B—C12B
C13B—C12B—C17B—C16B
C5B—C12B—C17B—C16B
C3A—C2A—C18A—C20A
Cl1A—C2A—CI18A—C20A

109.5
109.5

109.5

109.5

109.5

109.5

109.5
113.26 (15)
107.8 (13)
109.7 (13)
113.39 (15)
109.1 (13)
108.6 (13)

0.1 (3)
-0.2 (3)
0.2 (3)
178.21 (18)
146.61 (19)
—94.0 (2)
-37.5(3)
81.9 (2)
-39.5(3)
80.0 (3)
144.1 (2)
~96.4 (2)
0.4 (3)
~175.7 2)
0.2 (4)
~176.3 (2)
~179.7 (2)
0.1(4)
179.8 (3)
0.2 (5)
~179.9 (2)
0.3 (4)
~179.4 (3)
0.2 (4)
~1.1(4)
~1.1 (4)
1.6 3)
-1203)
174.83 (19)
1.6 3)
~1.1(3)
175.4 (2)
61.5 (2)
—63.7(2)

Acta Cryst. (2010). E66, 01860

sup-9



supporting information

C11B—C6B—C7B—CS8B
C1B—C6B—C7B—C8B
C6A—C7A—C8A—F1A
C6A—CT7TA—C8A—C9A
C6B—C7B—C8B—F1B
C6B—C7B—C8B—C9B
FIA—C8A—C9A—CI10A
C7A—C8A—C9A—CI10A
F1B—C8B—C9B—C10B
C7B—C8B—C9B—C10B
C8A—C9A—C10A—CI11A
C8B—C9B—C10B—C11B
C7A—C6A—C11A—C10A
CIA—C6A—C11A—CI10A

1.0 3)
~177.45 (19)
178.86 (19)
—0.6 (4)
178.2 (2)
~1.5(4)
~179.3 (2)
0.1(4)
~178.7 (2)
1.0 (4)

0.2 (3)

0.2 (3)
—0.3 (3)
177.70 (18)

C3A—C2A—CI18A—CI19A
C1A—C2A—C18A—CI19A
C3B—C2B—C18B—C20B
CIB—C2B—C18B—C20B
C3B—C2B—C18B—C19B
C1B—C2B—C18B—C19B
C12A—C5A—N1A—CI1A
C4A—C5A—NI1A—CIA
C6A—C1A—N1A—CS5A
C2A—Cl1A—N1A—CS5A
C12B—C5B—NI1B—CIB
C4B—C5B—N1B—CI1B
C6B—C1B—N1B—C5B
C2B—C1B—N1B—C5B

~65.6 (2)
169.19 (17)
60.8 (3)
~64.8 (2)
~66.4 (2)
168.07 (17)
~177.83 (16)
61.4(2)
170.81 (16)
~66.4 (2)
~177.36 (16)
61.5 (2)
170.01 (16)
~66.9 (2)
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