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The title compound, C70F30,which has crystallographic twofold

symmetry, is one of four isomers of C60(CF3)10. It has an

idealized C60–Ih core, with the ten CF3 groups arranged on two

symmetry-related para-para-para-meta-meta loops of five

edge-sharing C6(CF3)2 hexagons. There are no cage Csp3—

Csp3 bonds. There are intramolecular F� � �F contacts between

pairs of neighboring CF3 groups, ranging from 2.523 (2) to

2.746 (2) Å.

Comment

The background to this work has been described in the

preceeding paper (Kareev et al., 2006). The title compound,

(III), has now been prepared and we report its crystal struc-

ture here. It also exhibits an unprecedented fullerene addition

pattern.

The structure of (III) (Fig. 1) comprises an idealized C60–Ih

core with ten sp3 C atoms at positions 1, 10, 6, 60, 12, 120, 15, 150,

18 and 180 (IUPAC fullerene positions 1, 6, 12, 15, 18, 23, 25,

41, 45 and 57; Powell et al., 2002), each of which is attached to a

CF3 group. A crystallographic twofold axis is present in (III)

and it bisects the C7—C70 and C50—C500 bonds. No two

fullerene core sp3 C atoms are adjacent to one another. The

CF3 groups are arranged in two symmetry-related para-para-

para-meta-meta loops (i.e. two p3m2 loops) of edge-sharing

C6(CF3)2 hexagons (see Schlegel diagram in Fig. 1). Note that

the shared edges in the loop of hexagons are Csp3—Csp2

bonds (e.g. C1—C9, C2—C12 etc.), not Csp2—Csp2 bonds.

Thus, any pair of adjacent hexagons in the loop has a common

CF3 group. In addition, the two loops are joined by a Csp2—

Csp2 bond (C7—C70) that is common to one of the meta-

C6(CF3)2 hexagons in each loop. As in the recently published

structure of Cs-p
7-C70(CF3)8 (Goryunkov et al., 2005) and the

other structures listed in the preceeding paper (Kareev et al.,

2006), there are F� � �F intramolecular contacts between pairs

of neighboring CF3 groups, in the range 2.523 (2)–2.746 (2) Å.



The addition patterns of (I), (II) and (III) were compared in

the preceding paper (Kareev et al., 2006). Here, we will

describe the unusual features of the addition pattern in (III).

A simple loop of Csp3—Csp2 edge-sharing meta- and para-

C6(CF3)2 hexagons is unprecedented in neutral fullerene(Rf)n

compounds. Another unprecedented feature is the presence of

adjacent meta-C6(CF3)2 hexagons sharing a common Csp3—

Csp2 bond. All other structurally characterized fullerene(Rf)n

compounds (see the preceeding paper; Kareev et al., 2006)

have either isolated para-C6(Rf)n hexagons or ribbons of

hexagons containing para-meta-para or para-para-para

sequences. Ribbons containing meta-meta sequences have not

been observed to date and, indeed, have been predicted to be

energetically destabilizing at the density functional theory

(DFT) level (Goryunkov et al., 2004). Nevertheless, the p3m2

loops in (III) lead to a relative �Hf
� value that is only

2.9 kJ mol�1 higher than the value for (II) and 7.6 kJ mol�1

higher than the value for (I), which appears to be the most

stable isomer of C60(CF3)10 at the DFT level (Popov et al.,

2006).

Schlegel diagrams for (III) and two related structures, the

1,6,9,12,15,18-C60Br6 skew-pentagonal-pyramid addition

pattern, (IV) (Troyanov et al., 2003), and the 6,9,12,15,18-

C60Ph5
� cyclopentadienide addition pattern in Fe(�5-Cp)(�5-

C60Ph5), (V) (Herber et al., 2005), are shown in Fig. 2. The

shortest cage C—C bonds in (III) are in the isolated cis-

butadiene fragment C2—C3—C4—C5.The C2—C3, C3—C4

and C4—C5 distances are 1.347 (3), 1.481 (3) and 1.344 (3) Å,

respectively. Note that these are pentagon–hexagon (pent–

hex) junctions, all of which are ca 1.45 Å in C60 (Olmstead et

al., 2003). The corresponding pent–hex junction distances in

the isolated cis-butadiene fragment in the structure of (IV),

which are 1.350 (4), 1.462 (4) and 1.349 (4) Å, are the same as

those in (III), to within �3� (Troyanov et al., 2003). The

calculated C—C distances in planar cis-butadiene (i.e. cis-

C4H8) are 1.343 and 1.470 Å (De Maré et al., 1997). For

comparison, the range of cage C—C distances in the C5Ph5
�

cyclopentadienide fragment in (V) is 1.428 (5)–1.441 (5) Å.

In principle, the addition of five radical substituents to C6,

C9, C12, C15, and C18 of C60 would form a p5 loop of C60X2

edge-sharing hexagons, with an unpaired electron formally

localized on C1 (Hirsch & Brettreich, 2005). This radical can

be quenched in one of two ways, by the addition of a sixth

substituent to C1, producing the addition pattern exhibited by

(IV) and many other C60X6 derivatives, or by addition of an

electron, producing the cyclopentadienide pattern in (V).

Alternatively, the addition of five radical substituents to C1,

C6, C12, C15 and C18 of C60 would form a p3m2 loop of C60X2

hexagons, with an unpaired electron formally localized on C9.

It is now apparent that this radical can also be quenched in two

ways, by the addition of a single substituent to C9, producing

(IV) in the case of X = Br, or by the addition of another five

substituents, forming the two-p3m2-loops addition pattern of

(III) in the case of X = CF3. The latter results in the formation

of the trans-butadiene fragment C90—C7—C70—C9, with

C7—C90 and C7—C70 bond distances of 1.365 (3) and

1.432 (4) Å in (III). Note that this fragment is in conjugation

with the rest of the fullerene � system, unlike the isolated cis-

butadiene fragments discussed earlier, and therefore the trans-

butadiene fragment in (III) has a shorter single bond and

marginally longer double bonds than the cis-butadiene frag-

ments in (III) and (IV).

Experimental

The synthesis of (III) was accomplished by heating C60 in a stream of

CF3I at 733 K in a manner similar to that previously used for the

synthesis of (I) and (II) (Kareev et al., 2005). The compound was

purified by high-performance liquid chromatography and crystals of

(III) were grown by slow evaporation of a saturated benzene solu-

tion.

Crystal data

C70F30

Mr = 1410.70
Orthorhombic, Pbcn
a = 18.0971 (11) Å
b = 16.2516 (10) Å
c = 15.3735 (9) Å
V = 4521.5 (5) Å3

Z = 4
Dx = 2.072 Mg m�3

Mo K� radiation
Cell parameters from 999

reflections
� = 2.9–30.3�

� = 0.21 mm�1

T = 100 (1) K
Plate, orange
0.37 � 0.34 � 0.08 mm
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Figure 1
On the left, the molecular structure of (III), with 50% probability
displacement ellipsoids. On the right, a Schlegel diagram for (III),
showing the C60 core C-atom numbers (each core C atom bearing a CF3

group is depicted as a black circle) and the two p3m2 loops of meta- and
para-C6(CF3)2 edge-sharing hexagons [meta-C6(CF3)2 hexagons are
indicated by the letter m].

Figure 2
Schlegel diagrams for (III), (IV) (C60Br6) and the C60Ph5

� fragment in
(V), showing the locations of the exohedral substituents as black circles,
the IUPAC lowest-locant numbers for the cage C atoms to which they are
attached, and the loops of meta- and/or para-C6(CF3)2 edge-sharing
hexagons in (III) and (V) [meta-C6(CF3)2 hexagons are indicated by the
letter m], or in the loop of para-C6Br2 and 1,2,4-C6Br3 hexagons in (IV).



Data collection

Bruker Kappa APEXII
diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.927, Tmax = 0.984

61427 measured reflections

6794 independent reflections
4712 reflections with I > 2�(I)
Rint = 0.036
�max = 30.3�

h = �21! 25
k = �23! 22
l = �20! 21

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.129
S = 1.03
6794 reflections
451 parameters

w = 1/[�2(Fo
2) + (0.0675P)2

+ 1.8907P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.40 e Å�3

��min = �0.42 e Å�3

Data collection: APEX2 (Bruker, 2006); cell refinement: APEX2;

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.
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