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In crystal engineering, control of the resulting crystal-
packing structure through the introduction of functional
groups is important for the modification of physical proper-
ties, because substituents can initialise or inhibit the forma-
tion of the desired packing structure.

Our group[1] , amongst others[2] , were able to prove that
the solid-state packing of corannulene can be tailored to
give a highly ordered columnar structure. Upon introduction
of two trifluoromethyl groups, the dense convex–concave p

stacking of the molecular bowls of the resulting 1,2-bis(tri-
fluoromethyl)corannulene produces a highly electric con-
ductive material (0.9 cm2 V�1 s�1 in a polycrystalline sample),
with high charge carrier mobility along the intermolecular
stacks.[3] A single crystal of sumanene also exhibited high
electron mobility (0.75 cm2 V�1 s�1) with large anisotropy de-
termined by time-resolved microwave conductivity methods
(TRMC).[4] Not only electric conductivity is influenced by
the crystal structure of the buckybowls; electroluminescence
properties are also strongly dependent on their solid-state
structure.[5] Nanocrystalline assemblies of sumanenes show
energy-transfer phenomena and amplified emission, when
core-shell aggregates are formed.[6]

The introduction of strong electron-withdrawing fluorine
atoms to a compound or material changes the behaviour
drastically and is therefore often applied in material science
and physical organic chemistry. Although several substituted
sumanenes have been reported,[4b, 7] not a single directly flu-
orinated buckybowl is known within the literature.

Here we present the first fluorinated buckybowl, hexa-
fluorosumanene (1), in which all six fluorine atoms are in-
troduced at the benzylic position in two simple steps. The in-
troduction of fluorine atoms led to significantly lower reduc-
tion potentials and maintained an almost identical crystal
packing structure to sumanene (2).[7f, 8]

In contrast to corannulene, sumanene (2) offers three
benzylic carbons, which can be oxidised, yielding sumanene-
trione (3), a key compound for further transformations.[6,9]

We opted for the transformation to the cyclic dithiane 4, be-
cause dithianes are excellent precursors for the introduction
of fluorine. They are readily fluorinated by (difluoroiodo)-
benzene derivatives,[10] a combination of an electrophilic hal-

ogen and a fluoride ion donor,[11] or even by elemental fluo-
rine.[12] In our case, however, early attempts using para-iodo-
toluene difluoride led to a low conversion and therefore
conditions based on those reported by Katzenellenbogen[11a]

and Haufe[11c] were tested. Using N-iodosuccinimide for the
activation and the nucleophilic fluorinating agent pyridine
hydrofluoride (Olah�s Reagent) was suitable to give the de-
sired gem-dihalo compound 1 in good yield (Scheme 1).

If the reaction is carried out in a glass flask instead of a
polypropylene tube, 1 is obtained in 24 % yield in addition
to tetrafluorosumanenone (5 ; 23 %) and difluorosumanene-
dione (6 ; 19 %) through nucleophilic attack by the liberated
water. In particular, 6 is the first example of a sumanene-
dione derivative (Scheme 2).

NMR spectra of 1 are simple due to the C3 symmetry.
Only one signal (d= 7.28) is observed in the 1H NMR spec-
trum for all equivalent rim-protons. An AB pattern (2J=

273 Hz) corresponding to three endo- and three exo-benzylic
fluorine atoms is observed in the 19F NMR sprectrum, the
chemical shift values of the doublets deviate by about ~d=

25 ppm due to ring current effects (the exo-fluorine atoms
bear significantly more charge, than the endo-fluorine
atoms). Likewise, the 13C NMR spectrum shows only four
signals with fluorine coupling constants of 261, 28 and 8 Hz
(benzylic, flank and hub carbon atoms) depending on the
distance to the fluorine atoms, the signal for the six rim
carbon atoms is broadened.
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Scheme 1. Synthesis of hexafluorosumanene 1. Conditions: a) 2900 mol %
1,3-propanedithiol, 4600 mol % boron trifluoride etherate, CH2Cl2, 25 8C,
14 h; b) 2900 mol % N-iodosuccinimide, 34100 mol % pyridine hydro-
fluoride, CH2Cl2, �30 8C; the reaction was carried out in a polypropylene
tube.

Scheme 2. The mixture of products obtained if water is liberated during
the reaction. Yields refer to isolated products.
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The redox properties of the new fluorous sumanenes were
studied by cyclic voltammetry and square-wave voltammetry
in THF solutions. The fluorine substitution was shown to
have a drastic effect on the first reduction of the sumanene
bowl. Upon introduction of six fluorine atoms, the redox po-
tential of 1 remains irreversible, but is shifted to �1.79 V
(relative to �3.21 V for 2). An even stronger effect can be
observed for the mono-one 5 and the dione 6. Both undergo
a reversible reduction in THF solution at �1.36 and
�1.13 V, respectively, which is expected to take place at the
carbonyl group. Hence, the irreversible reduction of 1 to the
radical anion should be accompanied by immediate loss of a
fluorine atom (Table 1).

Crystals suitable for single-crystal X-ray analysis were
grown by slow evaporation of a CHCl3/EtOH mixture at
room temperature. A thin needle-like crystal was measured
using synchrotron radiation.[13] The molecular structure of 1
is shown in Figure 1. Substitution with bulky substituents
usually results in a shallower bowl depth.[1a,14] Surprisingly,
the molecular bowl of 1 significantly deepens to 1.240(12) �
relative to 1.115(2) � for 2, upon introduction of the six flu-
orine atoms.

DFT calculations (B3LYP/6-311 + GACHTUNGTRENNUNG(d,p))[17] also indicate
that the bowl depth of 1 (1.22 �) is deeper than that of 2
(1.14 �) and trione 3 (1.19 �), which is the deepest value
among substituted sumanenes currently reported. The bowl
depths of 5 and 6 are calculated to be 1.21 and 1.20 �, re-
spectively (ca. 0.01 � shallower; see Table S2 in the Sup-
porting Information).

In the experimental solid-state structure of 1, a minor
bond-length alternation is observed; the flank bond
(1.389 �) is shortened by approximately 0.011 �, in compar-
ison with that in 2 (1.400 �; Table 2).

The slightly underestimated bowl depth by gas-phase
DFT calculations (1.22 vs. 1.24 �) suggests that repulsive in-
teractions exist in the solid state, which further governs the
deepening of the molecular bowl. A possible explanation
might be the unfavorable interaction of the lone pairs of the
exo-fluorine atom with the p system, which shows a pro-
nounced shift of electron density to the exterior surface of
the bowl.[8] The repulsion would accordingly contract the
bowl further.

Hexafluorosumanene (1) shows a highly ordered colum-
nar structure formed by concave-to-convex p–p interactions
with all 1D columns oriented in the same direction, which
surprisingly resembles the favourable packing of sumanene
(2). The central six-membered rings are fully eclipsed and
no slippage of the bowls can be observed, the p bowls stack
perfectly over one another, therefore no transverse shifting
occurs. The rim of 1 is rotated by 568 to minimise the steric
repulsion of the protruding fluorine atoms, which is identical
to the angle found in the solid-state structure of 2.[7f] Short
intercolumnar C�H···F interactions of 2.5 � additionally
govern the arrangement of bowls along the columnar stacks,
whereas intracolumnar C�H···F interactions exhibit (elon-
gated) distances of around 2.77 �[18] (see Figure 2). In pris-
tine sumanene, the endo-H of one sumanene interacts with
the electron-rich six-membered rings of the sumanene mole-
cule above it (distance of 2.80 � for the short C�H···p con-
tact, comparable to contacts found for fullerenes).[4b, 19] In 1,

Table 1. Electrochemical properties.

Compound E8 vs. ferrocene [V][a]

1 �1.79[b]

2 �3.21[b]

3 �0.94
5 �1.36
6 �1.13

[a] The potentials are referenced to the ferrocene/ferrocinium (Fc0/Fc+)
couple, used as an internal standard, and uncorrected for ohmic drop.
Measurements were conducted in dry and degassed THF with tetra-n-bu-
tylammonium hexafluorophosphate (0.1 m) as conducting salt. [b] An ir-
reversible reduction occurs in THF.

Figure 1. ORTEP[15] representations of 1, rendered with POV-Ray.[16] The
molecular structure of 1 in the solid state, ellipsoids drawn at the 50 %
probability level. Bowl depth is defined as the distance between the
planes formed by the central hub atoms and the rim carbon atoms. Be-
cause of the three independent molecules in the asymmetric unit, the
mean values are discussed.

Table 2. Calculated and experimental bond lengths in [�] of 1 relative to
sumanene (2).

Bond 1calcd
[a] 1exptl

[b] 2exptl
[c]

rim 1.431 1.433 1.431
flank 1.390 1.389 1.400
spoke 1.397 1.396 1.396
benzylic 1.553 1.553 1.548
hubshort 1.380 1.377 1.383
hublong 1.439 1.440 1.429

[a] DFT calculation (B3LYP/6-311+G ACHTUNGTRENNUNG(d,p)). [b] Average values of all
three molecules in the asymmetric unit. [c] From a previously published
high-resolution X-ray dataset.[8]
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the contact is slightly extended to 3.03 �, and an overall in-
termolecular distance of 4.16 � (3.86 � for sumanene) can
be observed between two stacked bowls. This increased dis-
tance is also reflected by an increase of the estimated
volume per carbon atom[2c] from 14.3 (2) to 16.7 �3 (1).
Overall, the introduction of the fluorine atoms does not sig-
nificantly change the columnar packing motif, although ex-
changing hydrogen for fluorine atoms causes different inter-
actions in the crystals of 1 and 2. The crystal packing of 1
makes this system highly promising for tailor-made molecu-
lar electronics as well as the low reduction potential, con-
comitant with electron-acceptor abilities.

In summary, we have synthesised the first directly fluori-
nated buckybowl compound and revealed the columnar-
packing structure as well as low reduction potentials for all
members of the family. The very electron-deficient molecule
1 is not only the deepest sumanene derivative, but also a
highly promising candidate for n-type semiconductor appli-
cations, due to the efficient shielding of the molecular col-
umns by the fluorine atoms. These results are of great inter-
est with regard to crystal engineering, because the favoura-
ble columnar structure is completely maintained, although
six functional groups are induced.

Experimental Section

Detailed synthetic procedures, electrochemical data (cyclic voltammetry
and square-wave measurements) additional X-ray crystallographic de-

tails, computational details and additional data for all new compounds
(NMR, MS) can be found in the Supporting Information.

Acknowledgements

This work was supported by MEXT, JST (ACT-C), JSPS and the DFG
(GRK 1582/1). M.K. gratefully acknowledges financial support from
WCU (World Class University) program (Project No. R31-10059), Korea.
X-ray diffraction study with synchrotron radiation was performed at the
Pohang Accelerator Laboratory (Beamline 2D) supported by POST-
ECH. We thank Sachiko Nakano and Yuka Ishida for technical support.

Keywords: buckybowls · crystal engineering · fluorine · pi
interactions · sumanene

[1] a) B. M. Schmidt, B. Topolinski, P. Roesch, D. Lentz, Chem.
Commun. 2012, 48, 6520 – 6522; b) B. Topolinski, B. M. Schmidt, M.
Kathan, S. I. Troyanov, D. Lentz, Chem. Commun. 2012, 48, 6298 –
6300.

[2] a) Y.-T. Wu, D. Bandera, R. Maag, A. Linden, K. K. Baldridge, J. S.
Siegel, J. Am. Chem. Soc. 2008, 130, 10729 –10739; b) A. S. Filatov,
E. A. Jackson, L. T. Scott, M. A. Petrukhina, Angew. Chem. 2009,
121, 8625 –8628; Angew. Chem. Int. Ed. 2009, 48, 8473 –8476;
c) A. S. Filatov, L. T. Scott, M. A. Petrukhina, Cryst. Growth Des.
2010, 10, 4607 –4621, and references therein.

[3] a) D. Lentz, B. M. Schmidt, H. Sakurai, Abstr. Pap. 242nd ACS Na-
tional Meeting & Exposition (Denver, CO) 2011, p. FLUO-66;
b) B. M. Schmidt, S. Seki, B. Topolinski, K. Ohkubo, S. Fukuzumi,
H. Sakurai, D. Lentz, Angew. Chem. 2012, 124, 11548 –11551;
Angew. Chem. Int. Ed. 2012, 51, 11385 –11388; another trifluorome-
thylated corannulene, C5-C20H5 ACHTUNGTRENNUNG(CF3)5, has been reported by others
recently: c) I. V. Kuvychko, S. N. Spisak, Y.-S. Chen, A. A. Popov,
M. A. Petrukhina, S. H. Strauss, O. V. Boltalina, Angew. Chem. 2012,
124, 5023 –5026; Angew. Chem. Int. Ed. 2012, 51, 4939 – 4942.

[4] a) T. Amaya, S. Seki, T. Moriuchi, K. Nakamoto, T. Nakata, H.
Sakane, A. Saeki, S. Tagawa, T. Hirao, J. Am. Chem. Soc. 2009, 131,
408 – 409; b) S. Higashibayashi, R. Tsuruoka, Y. Soujanya, U. Puru-
shotham, G. N. Sastry, S. Seki, T. Ishikawa, S. Toyota, H. Sakurai,
Bull. Chem. Soc. Jpn. 2012, 85, 450 –467.

[5] L. Zoppi, L. Martin-Samos, K. K. Baldridge, J. Am. Chem. Soc.
2011, 133, 14002 –14009.

[6] Y. Morita, S. Nakao, S. Haesuwannakij, S. Higashibayashi, H. Sakur-
ai, Chem. Commun. 2012, 48, 9050 – 9052.

[7] a) T. Amaya, K. Mori, H.-L. Wu, S. Ishida, J.-i. Nakamura, K.
Murata, T. Hirao, Chem. Commun. 2007, 1902 –1904; b) T. Amaya,
T. Nakata, T. Hirao, J. Am. Chem. Soc. 2009, 131, 10810 –10811;
c) S. Higashibayashi, R. B. Nasir Baig, Y. Morita, H. Sakurai, Chem.
Lett. 2012, 41, 84– 86; d) S. Higashibayashi, H. Sakurai, J. Am.
Chem. Soc. 2008, 130, 8592 – 8593; e) S. Higashibayashi, H. Sakurai,
Chem. Lett. 2011, 40, 122 –128; f) H. Sakurai, T. Daiko, H. Sakane,
T. Amaya, T. Hirao, J. Am. Chem. Soc. 2005, 127, 11580 –11581;
g) Q. Tan, S. Higashibayashi, S. Karanjit, H. Sakurai, Nat. Commun.
2012, 3, 891.

[8] S. Mebs, M. Weber, P. Luger, B. M. Schmidt, H. Sakurai, S. Higashi-
bayashi, S. Onogi, D. Lentz, Org. Biomol. Chem. 2012, 10, 2218 –
2222.

[9] a) R. Tsuruoka, S. Higashibayashi, T. Ishikawa, S. Toyota, H. Sakur-
ai, Chem. Lett. 2010, 39, 646 –647; b) T. Amaya, M. Hifumi, M.
Okada, Y. Shimizu, T. Moriuchi, K. Segawa, Y. Ando, T. Hirao, J.
Org. Chem. 2011, 76, 8049 – 8052; c) E. Cau�t, D. Jacquemin, Chem.
Phys. Lett. 2012, 519 – 520, 49 –53.

[10] a) W. B. Motherwell, J. A. Wilkinson, Synlett 1991, 1991, 191 –192;
b) T. Fuchigami, T. Fujita, J. Org. Chem. 1994, 59, 7190 –7192; c) C.
Ye, B. Twamley, J. M. Shreeve, Org. Lett. 2005, 7, 3961 – 3964; for a

Figure 2. Representations (ellipsoids drawn at the 50 % probability level)
of the crystal packing in 1 (upper excerpt) and 2 (lower excerpt). Illustra-
tion of the dense arrangement of the molecular bowls which proceeds in
infinite columns along the crystallographic c axis. For 1, all combinations
of the three crystallographically independent molecules are shown and
indicated by colour (light, medium and dark grey). See the Supporting
Information for additional colour representations.

Chem. Eur. J. 2013, 19, 3282 – 3286 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 3285

COMMUNICATIONSynthesis of Hexafluorosumanene and Its Congeners

http://dx.doi.org/10.1039/c2cc32643d
http://dx.doi.org/10.1039/c2cc32643d
http://dx.doi.org/10.1039/c2cc32643d
http://dx.doi.org/10.1039/c2cc32643d
http://dx.doi.org/10.1039/c2cc32275g
http://dx.doi.org/10.1039/c2cc32275g
http://dx.doi.org/10.1039/c2cc32275g
http://dx.doi.org/10.1021/ja802334n
http://dx.doi.org/10.1021/ja802334n
http://dx.doi.org/10.1021/ja802334n
http://dx.doi.org/10.1002/ange.200903427
http://dx.doi.org/10.1002/ange.200903427
http://dx.doi.org/10.1002/ange.200903427
http://dx.doi.org/10.1002/ange.200903427
http://dx.doi.org/10.1002/anie.200903427
http://dx.doi.org/10.1002/anie.200903427
http://dx.doi.org/10.1002/anie.200903427
http://dx.doi.org/10.1021/cg100898g
http://dx.doi.org/10.1021/cg100898g
http://dx.doi.org/10.1021/cg100898g
http://dx.doi.org/10.1021/cg100898g
http://dx.doi.org/10.1002/ange.201205757
http://dx.doi.org/10.1002/ange.201205757
http://dx.doi.org/10.1002/ange.201205757
http://dx.doi.org/10.1002/anie.201205757
http://dx.doi.org/10.1002/anie.201205757
http://dx.doi.org/10.1002/anie.201205757
http://dx.doi.org/10.1002/ange.201200178
http://dx.doi.org/10.1002/ange.201200178
http://dx.doi.org/10.1002/ange.201200178
http://dx.doi.org/10.1002/ange.201200178
http://dx.doi.org/10.1002/anie.201200178
http://dx.doi.org/10.1002/anie.201200178
http://dx.doi.org/10.1002/anie.201200178
http://dx.doi.org/10.1021/ja805997v
http://dx.doi.org/10.1021/ja805997v
http://dx.doi.org/10.1021/ja805997v
http://dx.doi.org/10.1021/ja805997v
http://dx.doi.org/10.1246/bcsj.20110286
http://dx.doi.org/10.1246/bcsj.20110286
http://dx.doi.org/10.1246/bcsj.20110286
http://dx.doi.org/10.1021/ja2040688
http://dx.doi.org/10.1021/ja2040688
http://dx.doi.org/10.1021/ja2040688
http://dx.doi.org/10.1021/ja2040688
http://dx.doi.org/10.1039/c2cc33643j
http://dx.doi.org/10.1039/c2cc33643j
http://dx.doi.org/10.1039/c2cc33643j
http://dx.doi.org/10.1039/b701322a
http://dx.doi.org/10.1039/b701322a
http://dx.doi.org/10.1039/b701322a
http://dx.doi.org/10.1021/ja9031693
http://dx.doi.org/10.1021/ja9031693
http://dx.doi.org/10.1021/ja9031693
http://dx.doi.org/10.1246/cl.2012.84
http://dx.doi.org/10.1246/cl.2012.84
http://dx.doi.org/10.1246/cl.2012.84
http://dx.doi.org/10.1246/cl.2012.84
http://dx.doi.org/10.1021/ja802822k
http://dx.doi.org/10.1021/ja802822k
http://dx.doi.org/10.1021/ja802822k
http://dx.doi.org/10.1021/ja802822k
http://dx.doi.org/10.1246/cl.2011.122
http://dx.doi.org/10.1246/cl.2011.122
http://dx.doi.org/10.1246/cl.2011.122
http://dx.doi.org/10.1021/ja0518169
http://dx.doi.org/10.1021/ja0518169
http://dx.doi.org/10.1021/ja0518169
http://dx.doi.org/10.1038/ncomms1896
http://dx.doi.org/10.1038/ncomms1896
http://dx.doi.org/10.1039/c2ob07040e
http://dx.doi.org/10.1039/c2ob07040e
http://dx.doi.org/10.1039/c2ob07040e
http://dx.doi.org/10.1246/cl.2010.646
http://dx.doi.org/10.1246/cl.2010.646
http://dx.doi.org/10.1246/cl.2010.646
http://dx.doi.org/10.1021/jo2012412
http://dx.doi.org/10.1021/jo2012412
http://dx.doi.org/10.1021/jo2012412
http://dx.doi.org/10.1021/jo2012412
http://dx.doi.org/10.1016/j.cplett.2011.11.021
http://dx.doi.org/10.1016/j.cplett.2011.11.021
http://dx.doi.org/10.1016/j.cplett.2011.11.021
http://dx.doi.org/10.1016/j.cplett.2011.11.021
http://dx.doi.org/10.1016/j.cplett.2011.11.021
http://dx.doi.org/10.1016/j.cplett.2011.11.021
http://dx.doi.org/10.1021/jo00103a003
http://dx.doi.org/10.1021/jo00103a003
http://dx.doi.org/10.1021/jo00103a003
http://dx.doi.org/10.1021/ol051446t
http://dx.doi.org/10.1021/ol051446t
http://dx.doi.org/10.1021/ol051446t
www.chemeurj.org


recent review see d) V. Hugenberg, G. Haufe, J. Fluorine Chem.
2012, 143, 238 –262.

[11] a) S. C. Sondej, J. A. Katzenellenbogen, J. Org. Chem. 1986, 51,
3508 – 3513; b) Y. Ie, M. Nitani, Y. Aso, Chem. Lett. 2007, 36, 1326 –
1327; c) V. Hugenberg, R. Frçhlich, G. Haufe, Org. Biomol. Chem.
2010, 8, 5682 –5691.

[12] a) R. D. Chambers, G. Sandford, M. Atherton, J. Chem. Soc. Chem.
Commun. 1995, 177; b) R. D. Chambers, G. Sandford, M. E. Spar-
rowhawk, M. J. Atherton, J. Chem. Soc. Perkin Trans. 1 1996, 1941 –
1944.

[13] CCDC-909608 (1) contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif ; crystal data for 1: C21H6F6, crystal size 0.16 � 0.08 �
0.06 mm; Mr =372.26; trigonal; space group P3c1; a=17.064(1), b=

17.064(1), c =8.333(1) �; a=b =90, g=1208 ; V= 2101.3(3) �3, T=

100(2) K, Z=6, synchrotron radiation (l =0.69000 �), m=

0.146 mm�1, 43736 reflections measured, 4447 independent reflec-
tions (Rint =0.0567). The final R1 values were 0.0457 [I>2s(I)] and
0.0544 (all data). The final wR(F2) values were 0.1134 [I>2s(I)] and
0.1187 (all data). The goodness of fit on F2 was 0.986.

[14] T. Amaya, H. Sakane, T. Muneishi, T. Hirao, Chem. Commun. 2008,
765 – 767; two hexasubstituted sumanenes were reported, in which a
low inversion barrier was observed, corresponding to a shallow bowl
depth.

[15] L. Farrugia, J. Appl. Crystallogr. 1997, 30, 565.
[16] Persistence of Vision Pty. Ltd. http://povray.org/.
[17] Gaussian 03 (Revision D.01), M. J. Frisch, G. W. Trucks, H. B. Schle-

gel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, J. A. Montgomery,
Jr., T. Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. Iyengar,
J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N. Rega,
G. A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, R.
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao,
H. Nakai, M. Klene, X. Li, J. E. Knox, H. P. Hratchian, J. B. Cross,
V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,
O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, P. Y.
Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg,
V. G. Zakrzewski, S. Dapprich, A. D. Daniels, M. C. Strain, O.
Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Fores-
man, J. V. Ortiz, Q. Cui, A. G. Baboul, S. Clifford, J. Cioslowski,
B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L.
Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Na-
nayakkara, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen,
M. W. Wong, C. Gonzalez, J. A. Pople, Gaussian, Inc., Wallingford
CT, 2004. .

[18] H.-J. Schneider, Chem. Sci. 2012, 3, 1381 –1394.
[19] H. Suezawa, T. Yoshida, S. Ishihara, Y. Umezawa, M. Nishio, Cryst-ACHTUNGTRENNUNGEngComm 2003, 5, 514 –518.

Received: December 28, 2013
Published online: February 10, 2013

www.chemeurj.org � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2013, 19, 3282 – 32863286

H. Sakurai et al.

http://dx.doi.org/10.1016/j.jfluchem.2012.06.015
http://dx.doi.org/10.1016/j.jfluchem.2012.06.015
http://dx.doi.org/10.1016/j.jfluchem.2012.06.015
http://dx.doi.org/10.1016/j.jfluchem.2012.06.015
http://dx.doi.org/10.1021/jo00368a022
http://dx.doi.org/10.1021/jo00368a022
http://dx.doi.org/10.1021/jo00368a022
http://dx.doi.org/10.1021/jo00368a022
http://dx.doi.org/10.1246/cl.2007.1326
http://dx.doi.org/10.1246/cl.2007.1326
http://dx.doi.org/10.1246/cl.2007.1326
http://dx.doi.org/10.1039/c0ob00560f
http://dx.doi.org/10.1039/c0ob00560f
http://dx.doi.org/10.1039/c0ob00560f
http://dx.doi.org/10.1039/c0ob00560f
http://dx.doi.org/10.1039/c39950000177
http://dx.doi.org/10.1039/c39950000177
http://dx.doi.org/10.1039/p19960001941
http://dx.doi.org/10.1039/p19960001941
http://dx.doi.org/10.1039/p19960001941
http://dx.doi.org/10.1039/b712839h
http://dx.doi.org/10.1039/b712839h
http://dx.doi.org/10.1039/b712839h
http://dx.doi.org/10.1039/b712839h
http://dx.doi.org/10.1107/S0021889897003117
http://dx.doi.org/10.1039/c2sc00764a
http://dx.doi.org/10.1039/c2sc00764a
http://dx.doi.org/10.1039/c2sc00764a
www.chemeurj.org

