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The title compound, C,gF4, is the first example of a
perfluoroalkylfullerene with perfluoroisopropyl groups. The
C; symmetry molecule has idealized C; symmetry with the six
isopropyl groups arranged on three isolated para-Cg(i-C5F),
hexagons. There are three intramolecular F---F contacts
between pairs of isopropyl groups that share the same
hexagon; these contacts range from 2.616 (3) to 2.657 (3) A.

Related literature

For related literature, see: Kareev, Kuvychko et al. (2006);
Kareev, Shustova et al. (2006); Popov et al. (2007a,b); Tamm &
Troyanov (2007).

Experimental

Crystal data

CssFsn V =5564.2 (2) A3
M, =1734.78 Z=4
Monoclinic, P2, /n Mo Ko radiation

a=135877 (3) A w=022mm™!
b =31.1809 (7) A T =100 (1) K

c=13.7240 (3) A
B = 106.873 (1)°

0.30 x 0.11 x 0.06 mm

Data collection

Bruker Kappa APEXII
diffractometer

Absorption correction: multi-scan
SADABS (Sheldrick, 2003)
Tmin = 0.937, Tax = 0.988

75325 measured reflections
11386 independent reflections
6862 reflections with I > 20(I)
Rin = 0.083

Refinement

R[F? > 20(F%)] = 0.052
wR(F?) = 0.133
§=101

11386 reflections

1081 parameters_
Apmax =053 e A7
APmin = —032e A3

Data collection: APEX2 (Bruker, 2000); cell refinement: APEX?2;
data reduction: APEX2; program(s) used to solve structure:
SHELXTL (Bruker, 2000); program(s) used to refine structure:
SHELXTL; molecular graphics: SHELXTL; software used to
prepare material for publication: SHELXTL.

The authors thank the US National Science Foundation
(Grant CHE-0707223) for supporting this study.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: OM2171).
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1,7,16,30,36,47-Hexakis(perfluoroisopropyl)-1,7,16,30,36,47-hexahydro(Cgo-11)[5,6]fullerene

N. B. Shustova, I. V. Kuvychko, O. V. Boltalina and S. H. Strauss

Comment

Fullerenes with CF3 or CoF5 groups generally have addition patterns that are ribbons of edge-sharing meta- and/or para-
Ce(Rf)7 hexagons (Popov et al., 2007a; Popov et al., 2007b; Tamm and Troyanov, 2007; Kareev, Kuvychko et al., 2006). The
i-C3F7 group was chosen to destabilize sterically such ribbons relative to addition patterns with multiple isolated p-Cg(R¢)>

hexagons so that fullerene(X),, compounds with unprecedented addition patterns could be prepared and investigated.

The structure of the title compound, shown in Figure 1, consists of an icosahedral Cg( cage and three isolated p-Ce(i-
C3F7)> hexagons arranged so that the Cgo(i-C3F7)g molecule has idealized C3 symmetry (but the molecule has no crystal-

lographically imposed symmetry). The conformations of the perfluoroalkyl groups result in the fluoromethine F atoms po-
sitioned over the shared hexagon, as shown in Figure 2. The three F---F distances range from 2.616 (3) to 2.657 (3) A and the
three F—C---C—F torsion angles range from 51.9 (3) to 56.4 (3) degrees. In contrast, the F---F distance and F—C---C—F
torsion angle for the isolated p-Cg(CF3), hexagon in 1,6,11,18,24,27,52,55-C¢o(CF3)g are 2.695 (3) A and 3.4 (2) degrees,

respectively (Kareev, Shustova et al., 2006). The differences are due in part to the different lengths of fluoromethine C—F
bonds (these range from 1.372 (4) to 1.378 (4) in Cg((i-C3F7)g) and trifluoromethyl C—F bonds (these range from 1.304 (3)

to 1.347 (3) A, and average 1.328 (1) A, in 1,6,11,18,24,27,52,55-C¢((CF3)g) and range from 1.318 (4) to 1.353 (4) A, and
average 1.333 (1) A, in Cg(i-C3F7)g).

There are now more than 40 X-ray structures of fullerene(CF3),, and fullerene(C,F5), compounds (Popov et al., 2007a;
Popov et al., 2007b; Tamm & Troyanov, 2007; Kareev, Newell et al., 2006). The compound 1,7,16,36,46,49-C¢0(C2F5)g
is the only other fullerene(Ry), with three or more isolated p-Cg(R¢); hexagons (Kareev, Kuvychko et al., 2006). The addi-
tion patterns of both compounds are very similar, as shown in the Schlegel diagrams in Figure 3. The continued study of

fullerene(i-C3F7), compounds will no doubt lead to other unprecedented addition patterns.

Experimental

The synthesis of the title compound was carried out by heating Cgg and i-C3F7I in a sealed ampoule at 300-400 °C. Crystals

of the HPLC-purified compound were grown by slow evaporation of a saturated toluene solution.

Refinement

The maximum (0.53 e/A3 ) and minimum (—0.32 e/A3) residual electron density peaks were located 1.16 A from F833 and
0.55 A from F823.
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Figures

Fig. 1. The molecular structure of 1,7,16,30,36,47-C¢0(i-C3F7)¢. Displacement ellipsoids are
shown at the 50% probability level. The non-crystallographic C3 axis is perpendicular to the
plane of the page.

Fig. 2. A portion of the structure of 1,7,16,30,36,47-Cg((i-C3F7)g showing one of the
three para-Cg(Cg(i-C3F7), hexagons. The F611--F641 distance is 2.653 (3) A and the
F611—C61---C64—F641 torsion angle is 56.4 (3) degrees.

Fig. 3. (Left) Schlegel diagram of 1,7,16,30,36,47-Cg0(i-C3F7)6 showing the IUPAC lowest-
locants for the cage carbon atoms to which the i-C3F7 groups are attached. The small triangle
in the center denotes the molecular C3 axis. (Right) Schlegel diagram of 1,7,16,36,46,49-
Ce0(CoF5)g showing the IUPAC lowest-locants for the cage carbon atoms to which the C,F5
groups are attached.

1,7,16,30,36,47-Hexakis(perfluoroisopropyl)- 1,7,16,30,36,47-hexahydro(Cgo-Ip) [5,6]1fullerene

Crystal data
Cr8F 42
M,=1734.78
Monoclinic, P2/n
a=13.58773) A
b=31.1809 (7) A
c=13.7240 3) A
B =106.8730 (10)°

V=5564.2(2) A>
Z=4

Fooo = 3384
Dy=2.071 Mgm >

Mo Ka radiation
1=0.71073 A

Cell parameters from 9868 reflections
0=2.3-26.4°

p=022mm '

=100 (1)K

Plate, red

0.30 x 0.11 x 0.06 mm
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Data collection

Bruker Kappa APEX 11
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=100(1)K

¢ and © scans

Absorption correction: multi-scan
SADABS (Sheldrick, 2003)

Tmin = 0.937, Tmax = 0.988

75325 measured reflections

Refinement

Refinement on 7>

Least-squares matrix: full
R[F* > 206(F%)] = 0.052

WR(F?) =0.133
§=1.01
11386 reflections

1081 parameters

11386 independent reflections

6862 reflections with /> 20(/)
Rine = 0.083

Omax = 26.4°

Omin = 1.7°

h=-16—16

k=-30—38
[=-17—-17

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map
w=1/[c2(Fy?) + (0.0558P)% + 5.908P]

where P = (F,> + 2F2)/3

(A/6)max < 0.001

Apmax =0.53 ¢ A3

Apmin=-0.32¢ A3

Extinction correction: none

Special details

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

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?> 2sigma(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
C1 0.6333 (3) 0.09622 (11) 0.3518 (3) 0.0163 (8)
2 0.5209 (3) 0.08797 (11) 0.3546 (2) 0.0144 (7)
c3 0.4709 (3) 0.05947 (11) 0.2768 (3) 0.0160 (8)
c4 0.5354 (3) 0.05404 (11) 0.2077 (3) 0.0169 (8)
cs 0.6268 (2) 0.07914 (11) 0.2442 (3) 0.0150 (7)
c6 0.6666 (2) 0.10025 (11) 0.1759 (3) 0.0147 (7)
c7 0.7238 (2) 0.14363 (11) 0.1977 (3) 0.0150 (7)
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C8

C9

C10
Cl11
Cl12
Cl13
Cl14
Cl15
Cl6
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C50
C51
C52
C53
C54
C55
C56

0.6891 (2)
0.6495 (2)
0.5857 (3)
0.4969 (3)
0.4641 (3)
0.3558 (3)
0.3077 (3)
0.3641 (3)
0.3059 (3)
0.3756 (3)
0.4894 (3)
0.5305 (3)
0.6163 (2)
0.6188 (2)
0.6725 (3)
0.6362 (3)
0.6283 (3)
0.6531 (2)
0.5899 (3)
0.5024 (3)
0.4110 (2)
0.4088 (3)
0.3112 (3)
0.2378 (2)
0.1883 (3)
0.2200 (2)
0.2238 (3)
0.1972 (2)
0.2458 (3)
0.3495 (3)
0.4439 (2)
0.4465 (3)
0.5349 (3)
0.4995 (3)
0.5499 (3)
0.4903 (3)
0.5381 (3)
0.4762 (3)
0.3656 (3)
0.3162 (3)
0.2406 (2)
0.1927 (2)
0.1596 (2)
0.1673 (2)
0.2074 (3)
0.2647 (3)
0.3546 (3)
0.3890 (3)
0.3325 (3)

0.16512 (11)
0.14421 (11)
0.17500 (11)
0.16276 (11)
0.11791 (11)
0.11734 (11)
0.08904 (11)
0.05823 (11)
0.04325 (11)
0.04820 (10)
0.04859 (11)
0.06950 (11)
0.09619 (11)
0.13636 (11)
0.16713 (12)
0.20845 (12)
0.23087 (11)
0.20971 (11)
0.21553 (11)
0.24146 (11)
0.22896 (11)
0.19032 (11)
0.16225 (11)
0.17523 (11)
0.14339 (11)
0.10183 (11)
0.07873 (11)
0.09910 (11)
0.08928 (11)
0.06796 (11)
0.08247 (11)
0.12087 (11)
0.14857 (12)
0.19229 (12)
0.22147 (11)
0.25257 (11)
0.25804 (11)
0.26333 (11)
0.26451 (11)
0.24977 (11)
0.21367 (11)
0.20879 (11)
0.16488 (11)
0.14345 (11)
0.16566 (12)
0.13527 (11)
0.14835 (12)
0.19262 (11)
0.22183 (11)

0.2821 (3)
0.3495 (2)
0.3876 (3)
0.4074 (2)
0.3891 (2)
0.3545 (2)
0.2773 (3)
0.2413 (2)
0.1323 (3)
0.0645 (3)
0.1061 (3)
0.0348 (3)
0.0695 (3)
0.0195 (3)
0.0947 (3)
0.0888 (3)
0.1806 (3)
0.2729 (3)
0.3394 (3)
0.3119 (3)
0.3369 (3)
0.3833 (2)
0.3666 (3)
0.2647 (2)
0.1858 (3)
0.1909 (3)
0.1017 (3)
0.0083 (3)
~0.0779 (2)
~0.0272 (3)
~0.0490 (2)
~0.0974 (2)
~0.0627 (3)
~0.0699 (3)
0.0046 (3)
0.0435 (3)
0.1508 (3)
0.2159 (3)
0.1767 (3)
0.2598 (3)
0.2182 (3)
0.1084 (3)
0.0896 (3)
0.0031 (3)
~0.0691 (3)
~0.1106 (2)
~0.1266 (2)
~0.1083 (2)
~0.0711 (3)

0.0178 (8)
0.0158 (8)
0.0180 (8)
0.0175 (8)
0.0149 (7)
0.0163 (8)
0.0157 (8)
0.0159 (8)
0.0163 (8)
0.0145 (7)
0.0174 (8)
0.0151 (7)
0.0134 (7)
0.0154 (8)
0.0193 (8)
0.0199 (8)
0.0188 (8)
0.0168 (8)
0.0161 (7)
0.0163 (8)
0.0153 (7)
0.0163 (8)
0.0171 (8)
0.0138 (7)
0.0173 (8)
0.0161 (8)
0.0172 (8)
0.0167 (8)
0.0156 (7)
0.0150 (7)
0.0147 (7)
0.0156 (7)
0.0195 (8)
0.0187 (8)
0.0197 (8)
0.0207 (8)
0.0204 (8)
0.0184 (8)
0.0173 (8)
0.0155 (7)
0.0140 (7)
0.0146 (7)
0.0150 (7)
0.0157 (8)
0.0184 (8)
0.0185 (8)
0.0189 (8)
0.0170 (8)
0.0179 (8)
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Cs7 0.3840 (3) 0.25256 (11) 0.0060 (3) 0.0207 (8)
C58 0.3209 (3) 0.25820 (11) 0.0750 (3) 0.0211 (8)
C59 0.2307 (2) 0.23014 (11) 0.0393 (3) 0.0163 (8)
C60 0.2390 (3) 0.20813 (12) ~0.0511 (3) 0.0191 (8)
c6l 0.7163 (3) 0.07237 (12) 0.4393 (3) 0.0211 (8)
c62 0.7457 (3) 0.09788 (13) 0.5399 (3) 0.0258 (9)
C63 0.6866 (3) 0.02601 (13) 0.4587 (3) 0.0259 (9)
C64 0.8445 (3) 0.14036 (12) 0.2256 (3) 0.0198 (8)
C65 0.8817 (3) 0.10239 (12) 0.1730 (3) 0.0231 (9)
C66 0.8961 (3) 0.18259 (13) 0.2059 (3) 0.0254 (9)
C71 0.2632 (3) ~0.00448 (12) 0.1279 (3) 0.0217 (8)
c72 0.3421 (3) ~0.03605 (11) 0.1916 (3) 0.0226 (8)
C73 0.1612 (3) ~0.00728 (13) 0.1544 (3) 0.0285 (9)
C74 0.1741 (3) 0.06129 (12) ~0.1656 (3) 0.0195 (8)
C75 0.0790 (3) 0.08585 (13) ~0.2320 (3) 0.0247 (9)
C76 0.2324 (3) 0.04054 (13) ~0.2341 (3) 0.0248 (9)
Csl 0.2564 (3) 0.16416 (12) 0.4551 (3) 0.0216 (8)
C82 0.1908 (3) 0.12459 (12) 0.4584 (3) 0.0225 (9)
C83 0.3326 (3) 0.17322 (13) 0.5605 (3) 0.0294 (10)
C84 0.2669 (3) 0.28753 (11) 0.3065 (3) 0.0181 (8)
C8s 0.3356 (3) 0.32729 (11) 0.3346 (3) 0.0212 (8)
C86 0.1592 (3) 0.29994 (11) 0.2378 (3) 0.0209 (8)
F611 0.80470 (15) 0.06890 (7) 0.41034 (16) 0.0287 (5)
F621 0.80504 (17) 0.07521 (7) 0.61711 (16) 0.0321 (5)
F622 0.66226 (16) 0.10955 (7) 0.56547 (15) 0.0297 (5)
F623 0.79801 (17) 0.13319 (7) 0.53091 (16) 0.0346 (6)
F631 0.76810 (18) 0.00455 (7) 0.51475 (17) 0.0362 (6)
F632 0.64986 (17) 0.00433 (7) 0.37240 (16) 0.0279 (5)
F633 0.61469 (17) 0.02545 (7) 0.50738 (16) 0.0311 (5)
F641 0.88280 (14) 0.13275 (7) 0.32809 (15) 0.0260 (5)
F651 0.98236 (15) 0.10383 (7) 0.18588 (17) 0.0319 (5)
F652 0.83554 (15) 0.10227 (7) 0.07281 (16) 0.0285 (5)
F653 0.86110 (15) 0.06529 (7) 0.21100 (17) 0.0292 (5)
F661 0.99620 (15) 0.18263 (7) 0.25622 (18) 0.0338 (6)
F662 0.85483 (16) 0.21631 (7) 0.23915 (18) 0.0337 (6)
F663 0.88577 (16) 0.18792 (7) 0.10707 (17) 0.0329 (6)
F711 0.24276 (17) ~0.01883 (7) 0.02927 (15) 0.0283 (5)
F721 0.31623 (18) ~0.07650 (7) 0.16486 (18) 0.0360 (6)
F722 0.34970 (18) ~0.03225 (7) 0.29069 (16) 0.0329 (6)
F723 0.43549 (16) ~0.02996 (7) 0.18104 (17) 0.0293 (5)
F731 0.13276 (18) ~0.04834 (7) 0.15836 (18) 0.0378 (6)
F732 0.08582 (16) 0.01214 (8) 0.08282 (19) 0.0375 (6)
F733 0.16705 (17) 0.01098 (7) 0.24359 (18) 0.0346 (6)
F741 0.13473 (16) 0.02827 (6) ~0.12255 (15) 0.0256 (5)
F751 0.01111 (16) 0.05892 (8) ~0.29029 (17) 0.0379 (6)
F752 0.10518 (17) 0.11463 (8) ~0.29092 (17) 0.0387 (6)
F753 0.03068 (15) 0.10617 (7) ~0.17345 (16) 0.0321 (6)
F761 0.16948 (16) 0.02142 (8) ~0.31524 (16) 0.0341 (6)
F762 0.29605 (17) 0.01033 (7) ~0.18262 (17) 0.0339 (6)
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F763
F811
F821
F822
F823
F831
F832
F833
F841
F851
F852
F853
F861
F862
F863

0.28763 (17)
0.18824 (16)
0.12408 (18)
0.25071 (18)
0.13816 (16)
0.28580 (18)
0.36870 (18)
0.41085 (17)
0.25277 (15)
0.30260 (16)
0.33652 (16)
0.43237 (15)
0.09038 (15)
0.15848 (16)
0.12588 (16)

0.06945 (7)
0.19794 (7)
0.13216 (8)
0.09149 (7)
0.11148 (7)
0.17033 (8)
0.21329 (8)
0.14643 (8)
0.27327 (6)
0.35327 (7)
0.34939 (6)
0.31704 (6)
0.26999 (7)
0.30427 (7)
0.33685 (6)

Atomic displacement parameters (142 )

Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29

Ull

0.0123 (17)
0.0154 (18)
0.0239 (19)
0.0181 (19)
0.0118 (17)
0.0079 (16)
0.0106 (17)
0.0086 (17)
0.0100 (17)
0.0158 (18)
0.023 (2)
0.0195 (18)
0.0220 (19)
0.0124 (17)
0.023 (2)
0.0168 (18)
0.0170 (18)
0.0208 (19)
0.0173 (18)
0.0090 (16)
0.0127 (17)
0.0129 (18)
0.0145 (18)
0.0181 (19)
0.0086 (17)
0.0147 (18)
0.0188 (19)
0.0143 (18)
0.0211 (19)

U22

0.0181 (19)
0.0159 (19)
0.0095 (18)
0.0107 (18)
0.0135 (18)
0.0154 (19)
0.0156 (19)
0.022 (2)
0.023 (2)
0.022 (2)
0.019 (2)
0.0172 (19)
0.0176 (19)
0.0183 (19)
0.0115 (18)
0.0145 (19)
0.0079 (18)
0.0123 (18)
0.0153 (19)
0.0149 (19)
0.0175 (19)
0.024 (2)
0.020 (2)
0.020 (2)
0.0142 (19)
0.0172 (19)
0.0124 (18)
0.0137 (18)
0.0179 (19)

~0.26690 (16)

0.43554 (16)

0.51088 (18)

0.50469 (17)

0.36677 (16)

0.63388 (16)

0.56370 (17)

0.58299 (16)

0.39657 (15)

0.39559 (16)

0.25144 (16)

0.38514 (16)

0.24179 (17)

0.14115 (15)

0.26575 (16)
U33 U12
0.0184 (19) 0.0023 (15)
0.0111 (17) 0.0027 (15)
0.0160 (18) 0.0009 (15)
0.0206 (19) 0.0038 (15)
0.0178 (18) 0.0064 (14)
0.0203 (19) 0.0053 (14)
0.0193 (18) ~0.0003 (14)
0.0202 (19) ~0.0038 (15)
0.0100 (17) 0.0020 (15)
0.0115 (17) ~0.0016 (15)
0.0083 (17) ~0.0006 (16)
0.0066 (16) ~0.0018 (15)
0.0129 (17) 0.0055 (15)
0.0172 (18) -0.0022 (15)
0.0119 (17) ~0.0058 (15)
0.0167 (18) ~0.0056 (15)
0.0155 (18) ~0.0011 (14)
0.0205 (19) 0.0053 (15)
0.0157 (18) 0.0026 (15)
0.0189 (18) 0.0030 (14)
0.0189 (19) 0.0000 (14)
0.025 (2) ~0.0013 (16)
0.029 (2) ~0.0098 (16)
0.0216 (19) ~0.0114 (16)
0.026 (2) ~0.0047 (14)
0.0146 (18) ~0.0059 (15)
0.0172 (18) ~0.0014 (15)
0.0178 (18) ~0.0010 (14)
0.0094 (17) 0.0023 (15)

0.0328 (6)
0.0280 (5)
0.0393 (6)
0.0365 (6)
0.0303 (5)
0.0405 (6)
0.0373 (6)
0.0351 (6)
0.0236 (5)
0.0300 (5)
0.0283 (5)
0.0261 (5)
0.0275 (5)
0.0259 (5)
0.0269 (5)

U13

0.0042 (15)
0.0024 (15)
0.0081 (16)
0.0036 (16)
0.0013 (15)
0.0034 (15)
0.0050 (15)
~0.0005 (15)
~0.0034 (14)
~0.0034 (15)
0.0013 (15)
0.0014 (14)
0.0107 (16)
0.0056 (15)
0.0041 (15)
0.0036 (15)
~0.0001 (15)
0.0081 (16)
0.0093 (15)
0.0081 (15)
0.0093 (16)
0.0110 (16)
0.0122 (17)
0.0101 (16)
0.0033 (15)
0.0013 (15)
0.0043 (15)
0.0045 (15)
0.0038 (15)

U23

0.0041 (15)
0.0079 (14)
0.0061 (14)
0.0026 (15)
~0.0005 (15)
~0.0027 (15)
0.0003 (15)
~0.0040 (16)
~0.0027 (15)
~0.0048 (15)
~0.0017 (14)
0.0013 (14)
0.0062 (15)
0.0041 (15)
0.0024 (14)
~0.0005 (15)
~0.0046 (14)
~0.0024 (15)
~0.0031 (15)
~0.0034 (15)
~0.0021 (15)
0.0054 (16)
0.0005 (16)
~0.0083 (16)
~0.0061 (16)
~0.0045 (15)
~0.0075 (15)
~0.0076 (15)
~0.0048 (14)
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C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C50
C51
C52
C53
C54
C55
C56
C57
C58
C59
C60
C61
C62
C63
C64
C65
C66
C71
C72
C73
C74
C75
C76
C81
C82
C83
C84
C85
C86

0.0214 (19)
0.0101 (17)
0.0123 (18)
0.0118 (17)
0.0111 (17)
0.0053 (16)
0.0158 (18)
0.0146 (17)
0.0154 (18)
0.0198 (19)
0.024 (2)
0.021 (2)
0.0202 (19)
0.031 (2)
0.026 (2)
0.0211 (19)
0.024 (2)
0.0211 (19)
0.0126 (17)
0.0097 (17)
0.0074 (16)
0.0054 (16)
0.0147 (18)
0.023 (2)
0.026 (2)
0.023 (2)
0.0178 (18)
0.030 (2)
0.025 (2)
0.0111 (17)
0.0173 (18)
0.0183 (19)
0.026 (2)
0.029 (2)
0.0115 (18)
0.0127 (19)
0.0089 (19)
0.025 (2)
0.029 (2)
0.030 (2)
0.0164 (18)
0.020 (2)
0.019 (2)
0.025 (2)
0.025 (2)
0.036 (2)
0.0216 (19)
0.023 (2)
0.024 (2)

0.0173 (19)
0.0191 (19)
0.019 (2)
0.020 (2)
0.022 (2)
0.025 (2)
0.0184 (19)
0.0142 (18)
0.0157 (19)
0.021 (2)
0.024 (2)
0.022 (2)
0.021 (2)
0.0118 (19)
0.0093 (19)
0.0087 (18)
0.0072 (18)
0.0120 (18)
0.0131 (18)
0.0147 (19)
0.021 (2)
0.022 (2)
0.024 (2)
0.023 (2)
0.026 (2)
0.018 (2)
0.022 (2)
0.0150 (19)
0.0132 (19)
0.0121 (18)
0.024 (2)
0.024 (2)
0.027 (2)
0.029 (2)
0.025 (2)
0.025 (2)
0.027 (2)
0.020 (2)
0.0117 (19)
0.021 (2)
0.024 (2)
0.033 (2)
0.034 (2)
0.021 (2)
0.028 (2)
0.032 (3)
0.018 (2)
0.016 (2)
0.016 (2)

0.0137 (18)
0.0156 (17)
0.025 (2)
0.0177 (18)
0.0186 (19)
0.0175 (18)
0.0103 (17)
0.0150 (18)
0.0137 (17)
0.0064 (16)
0.0154 (18)
0.0162 (19)
0.022 (2)
0.0204 (19)
0.025 (2)
0.023 (2)
0.023 (2)
0.0151 (18)
0.0178 (18)
0.0193 (18)
0.0165 (18)
0.0154 (18)
0.0130 (18)
0.0067 (17)
0.0050 (16)
0.0106 (17)
0.0140 (18)
0.0194 (19)
0.026 (2)
0.0239 (19)
0.0144 (18)
0.021 (2)
0.020 (2)
0.017 (2)
0.022 (2)
0.031 (2)
0.039 (2)
0.0181 (19)
0.028 (2)
0.033 (2)
0.0154 (18)
0.0170 (19)
0.018 (2)
0.021 (2)
0.019 (2)
0.022 (2)
0.0172 (18)
0.024 (2)
0.025 (2)

0.0006 (15)
0.0009 (14)
~0.0022 (15)
~0.0048 (15)
~0.0094 (15)
~0.0021 (15)
0.0018 (15)
~0.0017 (15)
0.0006 (15)
0.0041 (16)
0.0025 (17)
0.0017 (16)
~0.0029 (16)
~0.0043 (16)
~0.0050 (16)
~0.0020 (15)
0.0025 (15)
0.0007 (15)
0.0022 (14)
0.0053 (14)
0.0023 (15)
0.0025 (14)
0.0082 (16)
0.0010 (16)
0.0059 (17)
0.0008 (15)
0.0077 (16)
0.0047 (16)
0.0069 (16)
0.0076 (14)
0.0109 (16)
0.0029 (16)
0.0042 (18)
0.0105 (18)
~0.0018 (16)
~0.0003 (16)
~0.0003 (16)
~0.0074 (16)
~0.0050 (16)
~0.0079 (18)
~0.0002 (16)
0.0010 (18)
~0.0015 (18)
0.0051 (17)
~0.0026 (18)
~0.004 (2)
0.0021 (15)
0.0028 (16)
~0.0002 (16)

0.0068 (16)
0.0091 (15)
0.0118 (16)
0.0062 (15)
0.0046 (15)
~0.0004 (14)
0.0001 (15)
0.0022 (15)
0.0051 (15)
0.0044 (15)
0.0135 (16)
0.0115 (16)
0.0120 (17)
0.0095 (17)
0.0061 (17)
0.0029 (16)
0.0107 (17)
0.0077 (16)
0.0070 (15)
0.0038 (15)
0.0032 (14)
~0.0030 (14)
~0.0016 (15)
~0.0007 (15)
0.0046 (15)
0.0066 (16)
0.0048 (15)
0.0108 (17)
0.0097 (18)
0.0021 (15)
0.0025 (15)
0.0063 (16)
~0.0018 (18)
0.0011 (18)
0.0027 (16)
0.0068 (17)
0.0058 (18)
0.0038 (17)
0.0106 (18)
0.007 (2)
~0.0002 (16)
~0.0022 (17)
~0.0007 (17)
0.0096 (17)
0.0130 (18)
0.0126 (19)
0.0092 (16)
0.0066 (17)
0.0099 (17)

0.0003 (15)
~0.0009 (15)
~0.0007 (16)
0.0000 (15)
~0.0057 (15)
~0.0049 (16)
~0.0031 (14)
~0.0069 (15)
~0.0082 (14)
0.0016 (14)
0.0016 (16)
0.0084 (16)
0.0074 (16)
0.0041 (15)
0.0026 (15)
~0.0043 (15)
~0.0003 (15)
~0.0013 (14)
~0.0034 (15)
0.0000 (15)
~0.0002 (15)
~0.0027 (15)
0.0008 (15)
~0.0005 (15)
0.0024 (15)
0.0055 (15)
0.0105 (15)
0.0090 (16)
0.0087 (16)
0.0063 (15)
0.0097 (16)
0.0005 (16)
0.0036 (17)
0.0007 (17)
0.0006 (16)
0.0008 (18)
~0.0075 (19)
~0.0041 (16)
~0.0009 (16)
~0.0022 (18)
~0.0021 (16)
~0.0077 (18)
~0.0109 (18)
0.0022 (16)
~0.0038 (17)
0.0003 (18)
0.0009 (15)
~0.0043 (16)
~0.0039 (16)
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F611 0.0200 (11)
F621 0.0306 (12)
F622 0.0281 (12)
F623 0.0331 (13)
F631 0.0420 (14)
F632 0.0371 (13)
F633 0.0400 (13)
F641 0.0146 (11)
F651 0.0132 (11)
F652 0.0221 (11)
F653 0.0250 (12)
F661 0.0159 (12)
F662 0.0245 (12)
F663 0.0309 (13)
F711 0.0371 (13)
F721 0.0432 (14)
F722 0.0432 (14)
F723 0.0272 (12)
F731 0.0400 (14)
F732 0.0197 (12)
F733 0.0382 (14)
F741 0.0287 (12)
F751 0.0223 (12)
F752 0.0363 (14)
F753 0.0176 (11)
F761 0.0277 (12)
F762 0.0309 (13)
F763 0.0332 (13)
F811 0.0349 (13)
F821 0.0420 (14)
F822 0.0494 (15)
F823 0.0294 (12)
F831 0.0485 (15)
F832 0.0469 (15)
F833 0.0357 (14)
F841 0.0324 (12)
F851 0.0353 (13)
F852 0.0355 (13)
F853 0.0234 (12)
F861 0.0224 (11)
F862 0.0289 (12)
F863 0.0280 (12)

Geometric parameters (4, °)

C1—C9
C1—C5
Cl—C2
Cl1—Ceol

0.0358 (13)
0.0367 (14)
0.0372 (14)
0.0341 (14)
0.0280 (13)
0.0205 (12)
0.0303 (13)
0.0383 (14)
0.0373 (14)
0.0363 (14)
0.0197 (12)
0.0328 (14)
0.0230 (12)
0.0344 (14)
0.0231 (12)
0.0156 (12)
0.0337 (14)
0.0241 (13)
0.0268 (14)
0.0390 (15)
0.0336 (14)
0.0251 (12)
0.0489 (16)
0.0479 (16)
0.0456 (15)
0.0466 (15)
0.0338 (14)
0.0409 (14)
0.0272 (13)
0.0488 (16)
0.0276 (13)
0.0375 (14)
0.0584 (17)
0.0375 (15)
0.0480 (15)
0.0235 (12)
0.0197 (12)
0.0193 (12)
0.0198 (12)
0.0235 (12)
0.0277 (13)
0.0212 (12)

1.514 (5)
1.548 (5)
1.559 (4)
1.575 (5)

0.0301 (12) 0.0073 (10)
0.0209 (12) 0.0071 (11)
0.0202 (11) 0.0071 (10)
0.0276 (13) ~0.0109 (11)
0.0315 (13) 0.0137 (11)
0.0243 (12) 0.0041 (10)
0.0266 (12) 0.0004 (11)
0.0222 (12) 0.0002 (9)
0.0467 (14) ~0.0006 (10)
0.0283 (13) 0.0009 (10)
0.0454 (14) 0.0039 (9)
0.0525 (15) ~0.0077 (10)
0.0571 (16) ~0.0053 (10)
0.0383 (14) ~0.0074 (10)
0.0223 (12) ~0.0101 (10)
0.0469 (15) ~0.0046 (10)
0.0220 (12) ~0.0040 (11)
0.0391 (14) 0.0030 (10)
0.0492 (15) ~0.0157 (11)
0.0492 (15) ~0.0056 (11)
0.0397 (14) ~0.0110 (11)
0.0215 (11) ~0.0066 (10)
0.0317 (13) 0.0044 (11)
0.0265 (13) 0.0073 (12)
0.0285 (13) 0.0083 (10)
0.0239 (12) ~0.0016 (11)
0.0301 (13) 0.0139 (11)
0.0286 (13) ~0.0032 (11)
0.0270 (12) 0.0076 (10)
0.0375 (14) ~0.0124 (12)
0.0347 (13) ~0.0008 (12)
0.0265 (13) ~0.0118 (11)
0.0203 (12) ~0.0078 (13)
0.0315 (13) ~0.0169 (12)
0.0183 (12) 0.0052 (12)
0.0191 (11) 0.0045 (10)
0.0338 (13) 0.0046 (10)
0.0283 (12) ~0.0048 (10)
0.0306 (12) 0.0013 (9)
0.0391 (13) ~0.0005 (9)
0.0211 (12) 0.0069 (10)
0.0322 (12) 0.0078 (10)

C44—C45

C45—C46

C46—C58

C46—C47

0.0070 (10) 0.0060 (10)
~0.0052 (10) 0.0043 (10)
0.0015 (10) ~0.0026 (10)
~0.0053 (11) ~0.0001 (11)
~0.0007 (12) 0.0081 (11)
0.0058 (11) 0.0012 (10)
0.0154 (11) 0.0053 (10)
0.0008 (9) ~0.0003 (10)
0.0109 (10) ~0.0078 (11)
0.0092 (10) ~0.0067 (10)
0.0143 (11) 0.0034 (10)
0.0094 (11) ~0.0083 (11)
0.0173 (12) ~0.0102 (11)
0.0175 (11) 0.0049 (11)
0.0048 (10) ~0.0059 (9)
0.0093 (12) 0.0005 (11)
0.0099 (11) 0.0048 (10)
0.0134 (11) 0.0051 (10)
0.0171 (12) ~0.0023 (11)
0.0027 (12) 0.0031 (12)
0.0236 (12) ~0.0079 (11)
0.0049 (10) ~0.0028 (9)
~0.0090 (11) ~0.0186 (12)
0.0005 (11) 0.0132 (12)
~0.0006 (10) ~0.0128 (11)
0.0011 (10) ~0.0193 (11)
~0.0021 (11) ~0.0123 (11)
0.0157 (11) ~0.0089 (11)
0.0170 (11) 0.0010 (10)
0.0278 (12) ~0.0071 (12)
0.0158 (12) 0.0092 (11)
0.0121 (10) ~0.0056 (10)
0.0192 (12) ~0.0047 (11)
0.0178 (12) ~0.0144 (11)
0.0028 (11) 0.0016 (11)
0.0139 (10) 0.0000 (9)
0.0082 (11) ~0.0101 (10)
0.0066 (11) 0.0032 (10)
0.0006 (10) ~0.0078 (10)
0.0128 (10) ~0.0019 (10)
0.0073 (10) ~0.0001 (9)
0.0100 (10) ~0.0058 (10)

1.404 (5)

1.442 (5)

1.365 (5)

1.552 (5)
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C2—Cl12
C2—C3
C3—C15
C3—C4
C4—C18
C4—Cs
C5—C6
C6—C20
C6—C7
C7—C8
C7—C22
C7—Co64
C8—C9
C8—C25
C9—C10
C10—Cl11
C10—C26
C11—C29
Cl11—C12
C12—C13
C13—Cl14
C13—C30
C14—CI15
C14—C33
C15—Cl16
C16—C17
C16—C34
C16—C71
C17—C37
C17—CI18
C18—C19
C19—C20
C19—C38
C20—C21
C21—C40
C21—C22
C22—C23
C23—C42
C23—C24
C24—C25
C24—C44
C25—C26
C26—C27
C27—C45
C27—C28
C28—C29
C28—C47
C29—C30
C30—C31

1.380 (5)
1.404 (5)
1.391 (5)
1.476 (5)
1.364 (5)
1.430 (5)
1.378 (5)
1.426 (5)
1.545 (5)
1.526 (5)
1.565 (5)
1.577 (5)
1.363 (5)
1.467 (5)
1.486 (5)
1.367 (5)
1.435 (5)
1.432 (5)
1.467 (5)
1.408 (5)
1.388 (5)
1.554 (5)
1.406 (5)
1.472 (5)
1.547 (5)
1.516 (5)
1.541 (5)
1.592 (5)
1.353 (5)
1.484 (5)
1.418 (5)
1.398 (5)
1.444 (5)
1.433 (5)
1.405 (5)
1.443 (5)
1.374 (5)
1.445 (5)
1.473 (5)
1.380 (5)
1.448 (5)
1.435 (4)
1.396 (5)
1.433 (5)
1.435 (5)
1.367 (5)
1.552 (5)
1.550 (5)
1.517 (5)

C47—C48
C47—C84
C48—C49
C49—C59
C49—C50
C50—Cs1
C51—Cs2
C52—C60
C52—Cs3
C53—C54
C54—C55
C55—C56
C56—C60
C56—C57
C57—Cs8
C58—C59
C59—C60
C61—Fo611
C61—Co62
C61—Co3
C62—F622
C62—F621
C62—F623
C63—F632
C63—F631
C63—F633
C64—Fo641
C64—Co65
C64—Co66
C65—F651
C65—F653
C65—F652
C66—F663
C66—F662
C66—F661
C71—F711
C71—C72
C71—C73
C72—F721
C72—F723
C72—F722
C73—F733
C73—F732
C73—F731
C74—F741
C74—C76
C74—C75
C75—F752
C75—F751

1.519 (5)
1.579 (5)
1.465 (5)
1.376 (5)
1.441 (5)
1.392 (5)
1.439 (5)
1.392 (5)
1.445 (5)
1.365 (5)
1.456 (5)
1.380 (5)
1.440 (5)
1.449 (5)
1.461 (5)
1.468 (5)
1.451 (5)
1.374 (4)
1.542 (5)
1.545 (5)
1.332 (4)
1.333 (4)
1.335 (4)
1.329 (4)
1.331 (4)
1.334 (4)
1.372 (4)
1.545 (5)
1.551 (5)
1.329 (4)
1.331 (4)
1.335 (4)
1.332 (4)
1.333 (4)
1.335 (4)
1.375 (4)
1.529 (5)
1.535 (5)
1.332 (4)
1.332 (4)
1.338 (4)
1.332 (4)
1.340 (5)
1.343 (4)
1.371 (4)
1.537 (5)
1.550 (5)
1.324 (4)
1.330 (4)
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C30—C81
C31—C48
C31—C32
C32—C33
C32—C50
C33—C34
C34—C35
C35—C51
C35—C36
C36—C37
C36—C53
C36—C74
C37—C38
C38—C39
C39—C40
C39—C54
C40—C41
C41—C42
C41—C55
C42—C43
C43—C57
C43—C44
C9—C1—C5
C9—Cl1—C2
C5—Cl1—C2
C9—C1—C61
C5—C1—C61
C2—C1—C61
Cl2—C2—C3
C12—C2—Cl
C3—C2—Cl
C15—C3—C2
C15—C3—C4
C2—C3—C4
C18—C4—C5
C18—C4—C3
C5—C4—C3
C6—C5—C4
C6—C5—Cl
C4—C5—Cl
C5—C6—C20
C5—C6—C7
C20—C6—C7
C8—C7—C6
C8—C7—C22
C6—C7—C22
C8—C7—C64
C6—C7—C64
C22—C7—C64

1.599 (5)
1.364 (5)
1.479 (5)
1.361 (5)
1.430 (5)
1.435 (5)
1.381 (5)
1.437 (5)
1.543 (4)
1.531 (5)
1.546 (5)
1.574 (5)
1.469 (4)
1.375 (5)
1.444 (5)
1.471 (5)
1.439 (5)
1.391 (5)
1.440 (5)
1.461 (5)
1.385 (5)
1.436 (5)

106.8 (3)
108.2 (3)
100.5 (3)
114.0 (3)
113.2 (3)
113.1 (3)
119.6 (3)
123.1 3)
110.3 (3)
120.7 (3)
121.7 3)
108.3 (3)
121.3 (3)
119.3 (3)
109.3 (3)
119.7 (3)
124.1 (3)
109.0 (3)
119.2 (3)
124.1 (3)
109.9 (3)
106.5 (3)
109.0 (3)
99.7 (3)
111.9 (3)
114.8 (3)
114.1 (3)

C75—F753
C76—F763
C76—F761
C76—F762
C81—F811
C81—C82

C81—C83

C82—F823
C82—F821
C82—F822
C83—F8&33
C83—F832
C83—F831
C84—F841
C84—C85

C84—C86

C85—F851
C85—F853
C85—F852
C86—F862
C86—F863
C86—F861

C48—C47—C28
C48—C47—C46
C28—C47—C46
C48—C47—C84
C28—C47—C84
C46—C47—C84
C31—C48—C49
C31—C48—C47
C49—C48—C47
C59—C49—C50
C59—C49—C48
C50—C49—C48
C51—C50—C32
C51—C50—C49
C32—C50—C49
C50—C51—C35
C50—C51—C52
C35—C51—C52
C60—C52—C51
C60—C52—C53
C51—C52—C53
C54—C53—C52
C54—C53—C36
C52—C53—C36
C53—C54—C55
C53—C54—C39
C55—C54—C39

1.336 (4)
1.332 (4)
1.332 (4)
1.334 (4)
1.376 (4)
1.530 (5)
1.541 (5)
1.318 (4)
1.333 (4)
1.353 (4)
1.316 (5)
1.338 (5)
1.341 (4)
1.378 (4)
1.532 (5)
1.543 (5)
1.332 (4)
1.335 (4)
1.336 (4)
1.330 (4)
1.333 (4)
1.334 (4)

106.4 (3)
109.4 (3)
100.0 (3)
112.7 (3)
113.6 (3)
113.7 (3)
109.0 (3)
125.7 (3)
120.9 (3)
119.8 (3)
121.0 3)
107.8 (3)
119.6 (3)
120.8 (3)
107.0 (3)
120.7 (3)
119.6 (3)
109.8 (3)
119.7 (3)
121.3 (3)
108.1 (3)
118.5 (3)
123.8 (3)
109.9 (3)
120.8 (3)
120.7 (3)
107.5 (3)
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C9—C8—C25
CO—C8—C7
C25—C8—C7
C8—C9—C10
C8—C9—C1
C10—C9—C1
C11—C10—C26
C11—C10—C9
C26—C10—C9
C10—C11—C29
C10—C11—C12
C29—CI11—C12
C2—C12—C13
C2—C12—C11
C13—C12—Cl11
Cl14—C13—C12
C14—C13—C30
C12—C13—C30
C13—C14—CI15
C13—C14—C33
C15—C14—C33
C3—C15—C14
C3—C15—C16
C14—C15—C16
C17—C16—C34
C17—C16—Cl15
C34—C16—Cl15
C17—C16—C71
C34—C16—C71
C15—C16—C71
C37—C17—CI18
C37—C17—C16
C18—C17—C16
C4—C18—C19
C4—C18—C17
C19—C18—C17
C20—C19—CI18
C20—C19—C38
C18—C19—C38
C19—C20—Ce6
C19—C20—C21
C6—C20—C21
C40—C21—C20
C40—C21—C22
C20—C21—C22
C23—C22—C21
C23—C22—C7
C21—C22—C7
C22—C23—C42

108.9 (3)
125.1 (3)
121.3 (3)
108.3 (3)
125.1 (3)
121.9 (3)
119.5 (3)
121.9 (3)
107.6 (3)
120.9 (3)
118.3 (3)
109.9 (3)
120.7 (3)
122.1 (3)
107.8 (3)
118.7 (3)
122.8 (3)
110.8 (3)
1212 (3)
122.4 (3)
107.4 (3)
118.5 (3)
122.4 (3)
111.6 (3)
107.0 (3)
109.1 (3)
100.0 (3)
111.0 (3)
115.7 (3)
113.4 (3)
108.4 (3)
125.1 (3)
122.1 (3)
119.5 (3)
120.8 (3)
108.3 (3)
119.7 (3)
120.7 (3)
106.5 (3)
120.4 (3)
119.4 (3)
109.9 (3)
119.6 (3)
1212 (3)
108.4 (3)
118.9 (3)
123.5 (3)
109.6 (3)
120.4 (3)

C56—C55—C41
C56—C55—C54
C41—C55—C54
C55—C56—C60
C55—C56—C57
C60—C56—C57
C43—C57—C56
C43—C57—Cs8
C56—C57—Cs8
C46—C58—C57
C46—C58—C59
C57—C58—C59
C49—C59—C60
C49—C59—Cs8
C60—C59—Cs8
C52—C60—C56
C52—C60—C59
C56—C60—C59
F611—C61—C62
F611—C61—C63
C62—C61—Co63
F611—C61—C1
C62—Co61—C1
C63—Co1—C1
F622—C62—F621
F622—C62—F623
F621—C62—F623
F622—C62—C61
F621—C62—C61
F623—C62—C61
F632—C63—F631
F632—C63—F633
F631—C63—F633
F632—C63—C61
F631—C63—C61
F633—C63—C61
F641—C64—C65
F641—C64—C66
C65—C64—Co66
F641—C64—C7
C65—C64—C7
C66—C64—C7
F651—C65—F653
F651—C65—F652
F653—C65—F652
F651—C65—C64
F653—C65—C64
F652—C65—C64
F663—C66—F662

120.1 (3)
120.3 (3)
107.8 (3)
119.3 (3)
120.3 (3)
108.8 (3)
120.1 (3)
120.3 (3)
107.6 (3)
120.6 (3)
120.5 (3)
107.6 (3)
119.9 (3)
120.1 (3)
107.6 (3)
119.5 (3)
120.3 (3)
108.3 (3)
106.1 (3)
105.7 (3)
109.9 (3)
108.0 (3)
112.4 (3)
114.1 (3)
107.5 (3)
108.4 (3)
107.2 (3)
111.0 (3)
112.2 (3)
110.4 (3)
107.1 (3)
107.4 (3)
108.2 (3)
111.8 (3)
110.8 (3)
111.4 (3)
105.6 (3)
105.6 (3)
110.1 (3)
108.5 (3)
1132 (3)
1132 (3)
107.6 (3)
107.1 (3)
108.2 (3)
112.0 (3)
110.4 (3)
111.3 (3)
108.7 (3)
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C22—C23—C24
C42—C23—C24
C25—C24—C44
C25—C24—C23
C44—C24—C23
C24—C25—C26
C24—C25—C8

C26—C25—C8

C27—C26—C10
C27—C26—C25
C10—C26—C25
C26—C27—C45
C26—C27—C28
C45—C27—C28
C29—C28—C27
C29—C28—C47
C27—C28—C47
C28—C29—Cl11
C28—C29—C30
C11—C29—C30
C31—C30—C29
C31—C30—C13
C29—C30—C13
C31—C30—CS81
C29—C30—C81
C13—C30—CS81
C48—C31—C32
C48—C31—C30
C32—C31—C30
C33—C32—C50
C33—C32—C31
C50—C32—C31
C32—C33—C34
C32—C33—Cl14
C34—C33—Cl14
C35—C34—C33
C35—C34—C16
C33—C34—C16
C34—C35—Cs1
C34—C35—C36
C51—C35—C36
C37—C36—C35
C37—C36—C53
C35—C36—C53
C37—C36—C74
C35—C36—C74
C53—C36—C74
C17—C37—C38
C17—C37—C36

120.5 (3)
107.9 (3)
120.0 (3)
120.0 (3)
107.6 (3)
119.4 (3)
1212 (3)
108.1 (3)
119.4 (3)
121.4 (3)
107.0 (3)
119.4 (3)
120.4 (3)
110.3 (3)
119.2 (3)
124.1 (3)
109.2 (3)
120.5 (3)
124.2 (3)
108.5 (3)
106.9 (3)
108.4 (3)
100.4 (3)
111.3 (3)
115.7 (3)
113.4 (3)
108.4 (3)
124.4 (3)
1222 (3)
119.4 (3)
122.1 (3)
107.8 (3)
121.6 (3)
118.0 (3)
109.3 (3)
119.8 (3)
123.8 (3)
109.3 (3)
118.8 (3)
124.4 (3)
109.3 (3)
106.2 (3)
109.0 (3)
100.5 (3)
113.0 (3)
112.9 (3)
114.2 (3)
108.7 (3)
1253 (3)

F663—C66—F661
F662—C66—F661
F663—C66—C64
F662—C66—C64
F661—C66—C64
F711—C71—C72
F711—C71—C73
C72—C71—C73
F711—C71—C16
C72—C71—C16
C73—C71—C16
F721—C72—F723
F721—C72—F722
F723—C72—F722
F721—C72—C71
F723—C72—C71
F722—C72—C71
F733—C73—F732
F733—C73—F731
F732—C73—F731
F733—C73—C71
F732—C73—C71
F731—C73—C71
F741—C74—C76
F741—C74—C75
C76—C74—C75
F741—C74—C36
C76—C74—C36
C75—C74—C36
F752—C75—F751
F752—C75—F753
F751—C75—F753
F752—C75—C74
F751—C75—C74
F753—C75—C74
F763—C76—F761
F763—C76—F762
F761—C76—F762
F763—C76—C74
F761—C76—C74
F762—C76—C74
F811—C81—C82
F811—C81—C83
C82—C81—C83
F811—C81—C30
C82—C81—C30
C83—C81—C30
F823—C82—F821
F823—C82—F822

108.5 (3)
106.8 (3)
111.3 (3)
110.7 (3)
110.7 (3)
105.2 (3)
106.0 (3)
111.1 (3)
108.0 (3)
1132 (3)
112.9 (3)
106.7 (3)
107.5 (3)
107.6 (3)
111.5 (3)
112.2 (3)
111.0 (3)
108.1 (3)
108.1 (3)
107.0 (3)
112.1 (3)
110.6 (3)
110.7 (3)
106.4 (3)
105.1 (3)
109.8 (3)
108.6 (3)
112.8 (3)
113.6 (3)
108.8 (3)
108.2 (3)
106.5 (3)
111.6 (3)
110.9 (3)
110.7 (3)
108.0 (3)
108.4 (3)
106.7 (3)
111.2 (3)
112.3 (3)
110.1 (3)
105.0 (3)
105.9 (3)
111.0 (3)
108.4 (3)
113.3 (3)
112.7 (3)
107.7 3)
107.3 3)
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C38—C37—C36
C39—C38—C19
C39—C38—C37
C19—C38—C37
C38—C39—C40
C38—C39—C54
C40—C39—C54
C21—C40—C41
C21—C40—C39
C41—C40—C39
C42—C41—C40
C42—C41—C55
C40—C41—C55
C41—C42—C23
C41—C42—C43
C23—C42—C43
C57—C43—C44
C57—C43—C42
C44—C43—C42
C45—C44—C43
C45—C44—C24
C43—C44—C24
C44—C45—C27
C44—C45—C46
C27—C45—C46
C58—C46—C45
C58—C46—C47
C45—C46—C47

121.1 3)
120.0 (3)
120.8 (3)
108.0 (3)
119.8 (3)
120.0 (3)
107.5 (3)
119.3 (3)
120.5 (3)
108.3 (3)
119.1 (3)
120.2 (3)
108.9 (3)
121.1 3)
119.7 (3)
107.6 (3)
119.6 (3)
119.5 (3)
108.6 (3)
119.4 (3)
120.2 (3)
108.3 (3)
119.6 (3)
121.1 3)
108.1 (3)
119.0 (3)
1233 (3)
110.1 (3)

F821—C82—F822
F823—C82—C81
F821—C82—C81
F822—C82—C81
F833—C83—F832
F833—C83—F831
F832—C83—F831
F833—C83—C81
F832—C83—C81
F831—C83—C81
F841—C84—CS85
F841—C84—C86
C85—C84—C86
F841—C84—C47
C85—C84—C47
C86—C84—C47
F851—C85—F853
F851—C85—F852
F853—C85—F852
F851—C85—C84
F853—C85—C84
F852—C85—C84
F862—C86—F863
F862—C86—F861
F863—C86—F861
F862—C86—C84
F863—C86—C84
F861—C86—C84

107.0 (3)
112.4 (3)
111.5 (3)
110.7 (3)
108.8 (3)
107.9 (3)
106.7 (3)
112.4 (3)
110.0 (3)
110.9 (3)
105.6 (3)
105.9 (3)
110.6 (3)
108.0 (3)
114.0 (3)
112.2 (3)
106.2 (3)
108.1 (3)
108.4 (3)
111.0 (3)
111.9 (3)
111.0 (3)
107.1 (3)
108.0 (3)
106.9 (3)
111.5 (3)
112.4 (3)
110.6 (3)
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Fig. 1
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Fig. 2
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