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The synthetic methods to create a large opening on fullerenes have been
developped. A water molecule was encapsulated into the open-cage C60 derivative, and the opening was
completely restored to afford H20QC60 in a macro-scopic scale under the mild reaction conditions.
To reallize an encapsulation of a large molecule, efficient way to create a larger opening was found
by the reaction with nucleophilic oxidants, which was also applied to a precursor of azafullerenes,

in which one of the carbon atoms in fullerene cages is replaced with a nitrogen atom. As another
method to enlarge the opening, a sulfur atom was introduced on the rim of the openings. When this
reaction was applied to an open-cage C60 derivative, a new open-cage C59S derivative was obtained in
addition to the expected compound having a larger opening. Furthermore, when this reaction was
applied to an open-cage C70 derivative, another new reaction was found to afford an open-cage C69S
derivative.

Cc60 C70



3.7
H,0, CO

Nl
0.1-0.01%

650
Ceo

H,CO, CH;OH

one-pot

P

Ceo
H2’
He, Ne
3000
T
c
c
H207 HF3 025
Ceo
CsoN CsoN

CsoN

Ceo CsoN
1) (CsoN);
CsoN
CsoN 2)
-CsoN 3) BODIPY-CsoN
-C59N
CsoN
BODIPY -CsoN
BODIPY
CsoN
CsoN
CsoN
PCBM 1995
PCBM
PCBM
PCBM
1
PCBM
P P3HT
PTB7 2
P3HT PTB7
PCBM
PTB7
2 Ceo



(CsoN, CeN)

Ceo
Cro
Ceo
Cro
CeoS
41% X
CgoO
CsoN
NMR
C59N
CsoN
(1) Ceo
()
CsoN
H,O0@(Cs9N),
Hz@(CSQN)z 260_360 K
T1
H,@CsoN T1  H,@Cq
H,0@CsoN T1
H,0@Cso 3
H,O0@(Cs9N),
HCsoN

Coo
Cro Ceo
Ceo
(H2),@Cro
1 2 Cqo
Cro
a B
a
Cro B
86%
'H NMR
(-27.2
ppm) -25.3 ppm
HPLC
Cro
H,0@Crp  (H,0),@Cr
98 : 1
Cro

1 H,O Entrapped inside Fullerene Cages:
Potential Probe for Evaluation of Bond
Polarization, Hashikawa, Y.; Murata, M.;
Wakamiya, A.; Murata, Y. Angew. Chem.
Int. Ed. 2016, 55, 13109-13113.

2 Regio-, Stereo-, and Atropselective
Synthesis of C60 Fullerene Bis(adduct)s by
Supramolecular-Directed Functionalization,
Bottari, G.; Trukhina, O.; Kahnt, A.; Frunzi,
M.; Murata, Y.; Rodriguez-Fortea, A.;
Poblet, J. M.; Guldi, D. M.; Torres, T.
Angew. Chem. Int. Ed. 2016, 55,
11020-11025.

3 Synthesis and Properties of Endohedral




Aza[60]fullerenes: H,O@CsoN and
H,@CsoN as Their Dimers and Monomers,
Hashikawa, Y.; Michihisa, M.; Wakiamiya,
A.; Murata, Y. J. Am. Chem. Soc. 2016, 138,
4096-4104.

Synthesis of a Distinct Water Dimer inside
Fullerene Cyg, Zhang, R.; Murata, M.;
Aharen, T.; Wakamiya, A.; Shimoaka, T.;
Hasegawa, T.; Murata, Y. Nat. Chem. 2016,
8, 435-441.

Triaryl Boron Based Fluorescent Organic

Light-Emitting Diodes Showing External
Quantum Efficiencies over 20%, Suzuki,
K.; Kubo, S.; Shizu, K.; Fukushima, T.;
Wakamiya, A; Murata, Y.; Adachi, C.; Kaji,
H. Angew. Chem. Int. Ed. 2015, 54,
15231-15235.

Hole-Transporting Materials with a

Two-Dimensionally Expanded n-System
Around an Azulene Core for Efficient
Perovskite Solar Cells, Nishimura, H.;
Ishida, N.; Shimazaki, A.; Wakamiya, A.;
Saeki, A.; Scott, L. T.; Murata, Y. J. Am.
Chem. Soc. 2015, 137, 15656-15659.
Trapping N, and CO, on the Sub-nano

Scale in Confined In-ternal Spaces of
Open-cage Cgo Derivatives: Isolation and
Structural Characterization of Host-Guest
Complexes, Futagoishi, T.; Murata, M.;
Wakamiya, A.; Murata, Y. Angew. Chem.
Int. Ed. 2015, 54, 14791-14794.

Purely Organic Electroluminescent

Material Realizing 100% Conversion from
Electricity to Light, Kaji, H.; Suzuki, H.;
Fukushima, T.; Shizu, K.; Suzuki, K.; Kubo,
S.; Komino, T.; Oiwa, H.; Suzuki, F.;
Wakamiya, A.; Murata, Y.; Adachi, C. Nat.
Commun. 2015, 6, 8476 (8 pages).

Dynamic Optical Properties of

CH;NH;Pbl; Single Crystals as Revealed
by One- and Two-Photon Excited
Photoluminescence Measurements, Yamada,
Y.; Yamada, T.; Phuong, L. Q.; Maruyama,
N.; Nishimura, H.; Wakamiya, A.; Murata
Y.; Kanemitsu, Y. J. Am. Chem. Soc. 2015,
137, 10456-10459.

10 Electron Deficient Tetrabenzo-fused

Pyracylene and Conversions into Curved

11

12

13

14

15

16

and Planar n-Systems with Distinct
Emission Behaviors, Chaolumen, Murata,
M.; Sugano, Y.; Wakamiya, A.; Murata, Y.
Angew. Chem. Int. Ed. 2015, 54,
9308-9312.

Enantiospecific cis-trans [somerization in

Chiral Fulleropyrrolidines: H-Bonding
Assistance in the Carbanion Stabilization in
H,0@Cg¢, Maroto, E. E.; Mateos, J.;
Garcia-Borras, M.; Osuna, S.; Filippone, S.;
Herranz, M. A.; Murata, Y.; Sola, M.;
Martin, N. J. Am. Chem. Soc. 2015, 137,
1190-1197.

Synthesis and Structure of an Open-cage
Thiafullerene CgoS: Reactivity Differences
of an Open-Cage C, Tetraketone Relative

to its Cgp Analogue, Zhang, R.; Futagoishi,
T.; Murata, M.; Wakamiya, A.; Murata, Y. J.
Am. Chem. Soc. 2014, 136, 8193-8196.

A Crystalline Porous Coordination

Polymers Decorated with Nitroxyl Radicals
Catalyzes Aerobic Oxidation of Alcohols,
Li, L.: Matsuda, R.; Tanaka, I.; Sato, H.;
Kanoo, P.; Joen, H. J.; Foo, M. L.;
Wakamiya, A.; Murata, Y.; Kitagawa, S. J.
Am. Chem. Soc. 2014, 136, 7543-7546.
On-top pi-Stacking of Quasi-planar

Molecules in Hole-transporting Materials:
The Key to High and Anisotropic Carrier
Mobility in Amorphous Films, Wakamiya,
A.; Nishimura, H.; Fukushima, T.; Suzuki,
F.; Saeki, A.; Seki, S.; Osaka, I.; Sasamori,
T.; Murata, M.; Murata, Y.; Kaji, H. Angew.
Chem. Int. Ed. 2014, 53, 5800-5804.
X-Ray Observation of a Helium Atom and

Placing a Nitrogen Atom inside He@Csg
and He@C,, Morinaka, Y.; Sato, S.;
Wakamiya, A.; Nikawa, H.; Mizorogi, N.;
Tanabe, F.; Murata, M.; Komatsu, K.;
Furukawa, K.; Kato, T.; Nagase, S.;
Akasaka, T.; Murata, Y. Nat. Commun.
2013, 4, 1554 (5 pages).

Quantum Rotation of Ortho and Para-water

Encapsulated in a Fullerene Cage, Beduz,
C.; Carravetta, M.; Chen, J. Y.-C.;
Concistre, M.; Denning, M.; Frunzi, M.;
Horsewill, A. J.; Johannessen, O. G,;
Lawler, R.; Lei, X.; Levitt, M. H.; Li, Y.;



Mamone, S.; Murata, Y.; Nagel, U.; Nishida,
T.; Ollivier, J.; Rols, S.; R66m, T.; Sarker,
R.; Turro, N. J.; Yang, Y. Proc. Natl. Acad.
Sci. USA 2012, 109, 12894-12898.

17 ENDOR Evidence of Electron-H,
Interaction in a Fulleride Embedding H,,
Zoleo, A.; Lawler, R.; Lei, X.; Li, Y.;
Murata, Y.; Komatsu, K.; Valentin, M. D.;
Ruzzi, M.; Turro, N. J. J. Am. Chem. Soc.
2012, 134, 12881-12884.

18 A Photochemical On-Off Switch for Tuning
the Equilibrium Mixture of H2 Nuclear
Spin Isomers as a Function of Temperature,
Frunzi, M.; Jockusch, S.; Chen, J. Y.-C.;
Calderon, R. K.; Lei, X.; Murata, Y.;
Komatsu, K.; Guldi, D. M.; Lawler, R. G;
Turro, N. J. J. Am. Chem. Soc. 2011, 133,
14232-14235.

19 A Single Molecule of Water Encapsulated
in Fullerene Cgy, Kurotobi, K.; Murata, Y.
Science 2011, 333, 613-616.

L

Organic Synthesis of Endohedral Fullerenes

invited  Yasujiro Murata Japan-Taiwan
Joint Symposium on Organic Chemistry,
Nov 20-21, 2011, Katsura, Kyoto University

B

2012

6. Recent Progress on the Synthesis and
Reaction of Novel Endofullerenes invited
Yasujiro Murata A Life in Science: A
Meeting on Endofullerene  Molecular
Systems in Memory of Nicholas J. Turro, 12
May 2013, Department of Chemistry,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Columbia University, New York, USA

BU

Novel Endohedral Fullerenes: Synthesis and
Reactions (Plenary) Yasujiro Murata The
Third Symposium on "Carbon Nanoforms",
26-27 September, 2013, Madrid Institute for
Advanced Studies in Nanoscience, Madrid,
Spain

Organic Synthesis of Endohedral Fullerenes
and Their Reactions (Invited) Yasujiro
Murata  5th International Symposium on
Emergence of Highly Elavorated pi-Space
and Its Function, 24-25 October, 2013,
Okazaki Conference Center, Higashiokazaki,
Japan

254

63

Open-cage Fullerenes toward Endofullerenes
and Heterofullerenes (invited)  Yasujiro
Murata The 2015 International Chemical
Congress of Pacific Basin Societies
(Pacifichem2015), 15-20 Dec 2015,
Honolulu, USA
Organic Synthesis of Endohedral Fullerenes
invited Yasujiro Murata The 70th
Fujihara Seminar, 17-21 April, 2016, THE



LUIGANS Spa & Resort, Fukuoka, Japan
20. Organic Synthesis of Endohedral Fullerenes
by Molecular Surgery  Yasujiro Murata
invited International Workshop on
Fundamental and Applied Research of Novel
Nanocarbon Derivatives; Toward Bottom-Up
Approach to Nanotechnology Era, 17 May,
2016, Tohoku University, Sendai, Japan
21.
65

22.

JEOL2016NMR

http://www.scl.kyoto-u.ac.jp/~kouzou/

M
MURATA, Yasujiro

@)

3)

MURATA, Michihisa

WAKAMIYA, Atsushi



