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Rational design and synthesis of non-planar nanocarbon molecules based on
macrocyclic structures
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Recent years have witnessed an ever-growing interest in the bottom-up
synthesis of nanocarbon molecules because it brings about an in-depth understanding of the unique
structure-property relationships. However, it remains a formidable challenge to design and
synthesize curved nanocarbon molecules in a rational way. To address this challenge, we have
introduced a new concept for the design of nanocarbon molecules that used 1,3,5-trisubstituted
benzene (phenine) as a basic trigonal planar unit. By adopting a synthetic strategy to utilize
coupling reactions between phenine units, we successfully synthesized varios curved nanocarbon
molecules including bowl-, saddle-, cylinder- and hemispherical-shaped nanocarbons.



B X C—19, F—19—1, Z—19 (Jtm)
1. WFZEBAE SO 5

CoRX°N—R T ) Fa—T7, BHinEFREATLIEVEESEST ) W—R 0L, E0iE
EED KT 6T, IS E IS Bk LR i 70 0 7RlRkEESC= L 2 b =27 RFFE L& W
STEHMRECIEEZRT Z LD, RERERZED TS, TFETHE, S IEFE#ESET
B =R %, AR TFIEDRBEZ AL, —BREEE2 AT ) I—Roh1e L
TH MLT v 7B L, O & RHE ORI 2R B 2 R A DR ER 2D TV A, L
L7225, BUROBFEHRESILFENTEEZHWTT D, RECIELE#EE S ) I—FR o T 2EBD
FFEICAEET DI EITMDTH L. BFEASERTIEMRIND sp? kFEF Y NT—7 HIZHESR
ERAIATe Z & TR UIVIRE G, CEEREZMAALZ LI TRAOMEEZET LY R
AIIDOBEHREERFE S NS L VI FEFEASHEMENTHD L0, AN OEHBRE
RIS NS SNV T W R WO Th D, T D78, HVEiEEE A+ 5 AR T ) 1—R 45y
TF-OEREE VD DIFBD CTREN DD LR -> T\

2. WMHEOHM

ABIFETIE, n TG Z AT 0 RERGEBERILKFE T FICHIRL, ZoFKEEREE LT
DRGS0 =R OEBRRGE - Gk 2179 Z& L Lz, Ru/LiRECA o ih
RaefT L5 FAREERE, ZRREFEME T O —R o FREO G HIRGE - 6 FlE %
WSLT D2 AME LT, SBIT, TORRMNED b 72 b RG-S Z LT 5
LT, T ARG TFRECRBN T, 2O OV TSR EF 2155 Z L 2V & LT,

3. WHEDTik

TR DITMERARIFIC BT, RER G ERRICKE DT v 7 m A S T ==L
([n]CMP) (ZHOWTHIZE A BHE L T, —EOBFZERE & LT, [n]CMP ORRII A R F D
BI% (J. Org. Chem. 2014, 79, 9735.), K OXZ D
Ty VIR T U — AL OGS D% (. [nICMPOEELF

Org. Chem. 2016, 81,662.) Z#HE LT\, = | ¥x SR oo
DY HHREREOL &, [nCMP BB s w@p”o\fﬁp%ﬂ ol
FURL Ui n LA LTUb 20 o S350 @Agfl e Soullk
ALY, = BRI T ) — B . |
FB&CJ:Z) T %?&%%%ﬂ%ébﬁé:kf, % Iy IRIRNT Y —ILELRG Ar
BRI EEZ AT ) =R 517D i
DFMRRL - OHEAEBL, IEEERTS - () D EscHRoRRRS
Lo U, BRI, (1) BETEHEE S CTny amxnyzuvy (77
W —R oy OEBIRRGT - G Rl ZRESL L, [FICMP i
IHITIE (2) M- FodE s RiaER L

U -ERE SR LB O | % [ ;ﬁmmmmﬁ&ﬁnwn—mmﬂ

1THo5Z2 L& LT
4. TR

(4-1) IEFEHEET ) =R DT O FRERE - B8k

REER S FERIRALKFES T CMP 25z L U C, IEFEHET ) I —R DT 0k - A%
T2 o7, ZOBRIZER LIcoD, sp? R & RO Y m = FiEx A3 5 1,3,5- @~ 2
Thbd. MMERKREDIX, e [ToFAr) EmaL, sp? REORDVIZT =) A &4
WERLE L THWDLZ LT, BT/ =Rt (AT 7 7=2F A7 —AT—7:
GPF) Z#i%at - A LTZ. £, 7=2F A Tk b n AT RERIEGE 2 Mk & Uiy F&at 217
I LT, BEREGE A AHEMICHRE L. &DIC, spP REBIVBbRER T2 F A EHAVS D
LT, A Ao TERIL] BRARETH Y, SLIEFED v 7V o F D I T i
EEAEET D (B AR BAETHDH I LA FEIELT.

BARMIZIE, Suzuki-Miyaura %7 >~ 7"V > 2, Yamamoto 7~ 7'V 7, PtEEKREN Li=h v
U > OGO 3 T OEHIERRSOG & T8 — A2 A BRI IS L 0, Rk, 3 KR,
Bk E W x IR E R LB KRBl ) h—R o2 EM T2 LTk Lz, &5
W2, 207 = A v ERWE R EREMTLZ LT, AL eGT 5T ) Fa—T 01, [7
= AT ) Fa—7 pNT) | OEMREEB L. pNTIZOWTIE, AWy R¥ vy v 752 f
T 25 Z & ENHAE, BEREENOHLNE L, BYILOEANIL > TH /) F2—T DB T
EEIMICEZDZ LN TEDH I L EEIEL.

ZIB DRERIE, Science F5X° Angewandte Chemie 7572 E\ZHB# S 4u7-.




ZzFAY

IJATIVY
7xFH1Y
ZL—=L97—Y
(GPF)

Suzuki-Miyaura
hy Iy
Yamamoto
hy7uvy
PEEEZEN U
hy vy

ZxFAVF/Fa—7 (pNT)

(4-2) R - oy 7aldE - FEWAE TR S & 0B U BRI i O IR 2 B\ O fE

B ) A— A ZOEREMT ) h—R P ROARZE L, BEXREiEEICHRKT
DEHE - DR E RIS, B - el - REWE R EORE AT o7z,

BLRIRNZ 21T, BERE T 1 —AR o7, WRPIZBWTHHERMNICZERS G R E
BT 5 2 ENghotz. ZOREITH
WCE ) I 21T o 7c & 2 A, Bl Ty hAE-BBkL3EHCRE
BRI K D= b v v —FI|5 0 EEE) /)

Lo TNB T ENmholz. ZORER . <
ZFMALT, AWK GPF & 77— 2 W -
> Ceo & DFRIE 2 EHATERL, pNT H~D AH = +9.6 keal-mol "
TS5 — L LB RE T B T b R JLIRGPF —TAS =-12.0 keal‘mol R JLIRGPF
HFEIELZ. 2N ORFEIE, BEREH R (298 K. CDCL) =&
FEIEDME D 9 ZEM OMHEEIZOWT, 24
TR REE LR e 52 5 b D b
o TWNA.

F 72, WHBZR ARG BRI O Ff R 218
ML, BRRN—THF ) F2—T5510
BE - AR EIT o2, HAED X ARG
FRATIZ & D BB E AT OFE R, =
FER—TICLHE TN REEEERT
Vi~ I ko THET S Z
EATHREY LTz, E7050E - BimEt A
WL - T, EHERN—TITL - T, LUMO
MMETL, N R¥y v 7 RPMET 5
TLEHO/MCLE oz kX, BHE
R—=TC Ko TR FNT 78T H—
Lo lnZ EERL TS, -
BELTEREN) ) Fa—Th1teE
KL, ZD R—¥2 7 O5%EBRIIC
O LD TOME & o7z,

IS DORRIE, Organic Letters 7EX°
Nature Communication 3E73 E 12 S
7.

‘ R IVIRGPF

0.096

-0.192
eA



11 11 0 1

Ikemoto Koki Yang Seungmin Naito Hisashi Kotani Motoko Sato Sota Isobe Hiroyuki 11

A nitrogen-doped nanotube molecule with atom vacancy defects 2020

Nature Communications 1807
DOl

10.1038/s41467-020-15662-6

Mio Tatsuru Ikemoto Koki Sato Sota Isobe Hiroyuki 132

Synthesis of a Hemispherical Geodesic Phenine Framework by a Polygon Assembling Strategy 2020

Angewandte Chemie 6629 6633
DOl

10.1002/ange .201915509

Mio Tatsuru Ikemoto Koki Isobe Hiroyuki 15

Curved Phenine Normal Vectors: Geometric Measures of Geodesic Phenine Frameworks 2020

Chemistry - An Asian Journal 1355 1359
DOl

10.1002/asia.202000271

Ikemoto Koki Tokuhira Toshiki Uetani Akari Harabuchi Yu Sato Sota Maeda Satoshi Isobe 85

Hiroyuki

Fluorescence Enhancement of Aromatic Macrocycles by Lowering Excited Singlet State Energies 2020

The Journal of Organic Chemistry 150 157

DOl
10.1021/acs. joc.9b02379




Yoshii Asami lkemoto Koki lIzumi Tomoo Taka Hideo Kita Hiroshi Sato Sota Isobe Hiroyuki 21

Periphery Design of Macrocyclic Materials for Organic Light-Emitting Devices with a Blue 2019

Phosphorescent Emitter

Organic Letters 2759 2762
DOl

10.1021/acs.orglett.9b00717

Sun Zhe Mio Tatsuru lkemoto Koki Sato Sota Isobe Hiroyuki 84

Synthesis, Structures, and Assembly of Geodesic Phenine Frameworks with Isoreticular Networks 2019

of [n]Cyclo-para-phenylenes

The Journal of Organic Chemistry 3500 3507
DOl

10.1021/acs. joc.9b00085

Sun Zhe Ikemoto Koki Fukunaga Toshiya M. Koretsune Takashi Arita Ryotaro Sato Sota Isobe 363

Hiroyuki

Finite phenine nanotubes with periodic vacancy defects 2019

Science 151 155
DOl

10.1126/science.aau5441

Ikemoto Koki Lin Jennie Kobayashi Ryo Sato Sota Isobe Hiroyuki 57

Fluctuating Carbonaceous Networks with a Persistent Molecular Shape: A Saddle- Shaped Geodesic 2018

Framework of 1,3,5- Trisubstituted Benzene (Phenine)

Angewandte Chemie International Edition 8555 8559

DOl
10.1002/anie.201803984




Pham S.-T. Ikemoto K. Suzuki K. Z. lzumi T. Taka H. Kita H. Sato S. Isobe H. Mizukami 6
S.

Magneto-electroluminescence effects in the single-layer organic light-emitting devices with 2018
macrocyclic aromatic hydrocarbons

APL Materials 026103 026103

DOl
10.1063/1.5021711

Tian Yi lkemoto Koki Sato Sota Isobe Hiroyuki 12

[n]Cyclo- 3,6- phenanthrenylenes: Synthesis, Structure, and Fluorescence 2017

Chemistry - An Asian Journal 2093 2097
DOI

10.1002/asia.201700563

Ikemoto Koki Kobayashi Ryo Sato Sota Isobe Hiroyuki 19

Entropy-Driven Ball-in-Bowl Assembly of Fullerene and Geodesic Phenylene Bowl 2017

Organic Letters 2362 2365
DOI

10.1021/acs.orglett.7b00899

12 3 3

Koki Ikemoto

Molecular Design Using Trigonal Planar "Phenine" toward Functional Nanocarbon Molecules

100

2020




2019

Lin Jennie

30

2019

Koki lIkemoto, Jennie Lin, Ryo Kobayashi, Sota Sato, Hiroyuki lIsobe

Bowl-shaped and Saddle-shaped Geodesic Phenine Framework

18th International Symposium on Novel Aromatic Compounds (ISNA-18)

2019

Koki Ikemoto

Structural Chemistry and Materials Application of Aromatic Hydrocarbon Macrocycles

99

2019




Ikemoto Koki Lin Jennie Kobayashi Ryo Sato Sota Isobe Hiroyuki

Synthesis and Structures of Nanometer-sized Geodesic Phenine Framework

24th 1UPAC International Conference on Physical Organic Chemistry

2018

Lin Jennie

1,3,5-

29

2018

Lin Jennie

2018

Ikemoto, K.; Kobayashi, R.; Sato, S.; Isobe, H.

Synthesis and Molecular Recognition of Nanometer-sized Geodesic Phenylene Bowl

98

2018




Ikemoto, K.; Xue, J.Y.; lzumi, T.; Yoshii, A.; Tian, Y.; Kobayashi, R.; Koretsune, T.; Akashi, R.; Arita, R.; Taka, H.;
Kita, H.; Sato, S.; lIsobe, H.

Aromatic Hydrocarbon Macrocycles for Highly Efficient Single-layer Organic Light-emitting Devices

ISNA 2017 (17th International Symposium on Novel Aromatics)

2017

2017

2017

2019




2019
6
2017
5
1
Finite Phenine Nanotubes with Periodic Vacancy Defects H. Isobe, Z. Sun,
K. Ikemoto
62/745,444 2018
0

BEHIND THE PAPER
https://devicematerialscommunity.nature.com/users/381290-koki-ikemoto/posts/64691-a-nitrogen-doped-nanotube-molecule

https://ww.s.u-tokyo.ac.jp/ja/press/2020/6741/
https://ww.s.u-tokyo.ac.jp/ja/info/6191/
Chemical synthesis of nanotubes

https://www.u-tokyo.ac.jp/focus/en/press/z0508_00023.html

http://www.jst.go.jp/pr/announce/20190111-4/index.html




