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First publication: Fullerene - Oligonucleotide Conjugates

Biological activitiy towards DNA Binding of fullerene-DNA conjugate
—>photoinduced DNA cleavage by singlet-oxygen to target DNA
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[1+2] and [3+2] cyloaddition on [60]fullerene
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Double [3+2] cycloddition on [60] fullerene
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Functionalization on [60] fullerenes

Amination
Cso
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R Chlorbenzene, 25°C, air R
up to 98%
Isobe, H.: Tomita, N.: Nakamura, E. Org. Lett. 2000, 2 (23), 3663-3665. Isobe, H.; Tanaka, T.; Nakanishi, W.; Lemiégre, L.; Nakamura, E. J. Org. Chem. 2005, 70 (12), 4826-4832.
Cage structure bearing two fullerene end caps Hydrophosphorylation

Isobe, H.; Chen, A.-J.; Solin, N.; Nakamura,
E. Orq. Lett. 2005, 7, 5633-5635.
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Water-soluble fullerene and bilayer vesicle formation
® High stability because

of the delocalization of

S—— negative charge
PhMeBr
CuBr Me,S NH,CI/H,O t-BuOK &te: i toluene
Ceo > >
toluene/THF THF F
-78°C = 25°C

water

34 nm

polarcore [

nonpolar

part 1nm

PhK

Zhou, S.; Burger, C.; Chu, B.; Sawamura, M.; Nagahama, N.; Toganoh, M.; Hackler, U. E.; Isobe, H.; Nakamura, E. Science 2001, 291, 1944-1947.

Sawamura, M.; likura, H.; Nakamura, E.; J. Am. Chem. Soc. 1996, 118, 12850-12851
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Isobe, H.; Mashima, H.; Yorimitsu, H.; Nakamura, E. Org. Lett. 2003, 5, 4461-4463.

,,Click“-Chemistry Fullerene glycoconjugates
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Triazole-linked analogues of DNA

Solution-phase synthesis of T"DNA
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Fujino, T.; Miyauchi, Y.; Tsunaka, N.; Okada, K.; Isobe, H.
Heterocycles 2013, 87, 1023-1028.

0.61% (19 steps)
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First publication on polycyclic aromatic hydrocarbons:
Synthesis of chrysene ([4]phenacene) derivatives

Friedel-Crafts-type Cyclization

via magic acid
1) BuLi - - X

Me Me
FSO; - SbFs Mo
1:A1 X =
| | OO ———— Further derivatization
(CF3),CHOH J = N e O Me

L . X

CF3CH20TS

Isobe, H.; Hitosugi, S.; Matsuno, T.; Iwamoto, T.; Ichikawa, J. Org. Lett. 2009, 11, 4026-4028.

Disilanyl double-pillared bisternaphthyl
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Nakanishi, W.; Hitosugi, S.; Piskareva, A.; Shimada, Y.; Taka, H.; Kita, H.; Isobe, H. Angew. Chem. Int. Ed. 2010, 49, 7239-7242. Nakanishi, W.; Matsuyama, N.; Hara, D.; Saeki, A.; Hitosugi, S.;
Nakanishi, W.; Hitosugi, S.; Shimada, Y.; Isobe, H. Chem. Asian J. 2011, 6, 554-559. Seki, S.; Isobe, H. Chem. Asian J. 2014, 9, 1782-1785.
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Synthesis of macrocyclic aromatic hydrocarbons

Cyclo-2,7-naphtylenes

( [Ni(COD),]
1,5-Cyclooctadiene

2,2'-bipyridine
Br Br toluene/DMF

80°C, 1h

—
[NJICNAP

\_ n=5-12

\

Yamamoto-coupling

[5ICNAP 1% = toluene, extrac.

[6]CNAP 24% 1-methylnaphthalene, extrac.

[7ICNAP 12% CHCl3, extrac.

\

Isolation of N[CNAP] via
extraction in different
solvents

residue

Nakanishi, W.; Yoshioka, T.; Taka, H.; Xue, J. Y.; Kita, H.; Isobe, H.;

Angew. Chem. Int. Ed. 2011, 50, 5323-5326.

Molecular penrose stairs -
[Ni(COD),]
Bu Bu Bu Bu 1,5-cyclooctadiene
FSO3H SbF5 2,2'—bypridine
CF2 > >
O O Ph;CBF, O 0

Br Br Br Br

Nakanishi, W.; Matsuno, T.; Ichikawa, J.; Isobe, H. Angew. Chem. Int. Ed. 2011, 50, 6048-6051.

Iridium-catalyzed borylation

§pin
Bpin Bpin
[I(OMe)cod], 5 mol% O O O
dtbpy 10 mol%
B,Pin, (2.0 eq.) ‘ ‘ ‘
l l Bpin l
Bpin Bpin
2,8 29 3,9
17% 35% 20% /

Hitosugi, S.; Nakamura, Y.; Matsuno, T.; Nakanishi, W.; Isobe, H. Tetrahedron Lett. 2012, 53 , 1180-1182.

itosugi, S.; Nakanishi, W.; Yamasaki, T.; Isobe, H. Nat. Commun. 2011, 2,10.
Hitosugi, S.; Yamasaki, T.; Isobe, H. J. Am. Chem. Soc. 2012, 134, 12442-12445.

Bottom-up synthesis of chiral nanotube

1) PtCly(cod) 1.0 eq,
CsF 6.0 eq.
THF, reflux 24h
(74%)

2) PPhs, (40 eq.)
toluene
25°C, 30 min.
100°C, 24 h

(94%)

1) PtCly(cod) 1.0 eq,

CsF 6.0 eq.

THF, reflux 36 h

X =Br 3
X = BPin

6 Isomers

Hex BPin
i i 3
9

Bpin Hex

2) PPhs
toluene, 25°C, 30 min.
100°C, 24 h

2 Isomers

K. Nguyen
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Synthesis of [6] Cyclo-2,7-naphtylene
macrocycles with dicarbxylic imide

r r r r r r
1 2 3 4
Ni(cod), "PICly(cod) | Ni(coa), Ni(cod),
bipyridyl CsF bipyridyl bipyridyl
cod dioxane cod cod
toluene/DMF 70°C toluene/DMF | toluene/DM
80 °C 2) PPhaﬂO'L.IBnB 80 °C 80 °C
t-100 °C
Y Y Y
1,23,4,56- 1,2,4,5- 1,4 ic-[BICNAP
ic-[B(ICNAP  i,-[6]CNAP i,-[(]CNAP 19%
75% 33% 24%

v m B
[ I f

- s B 4 e
o o N
o O
0~ N ™0
.-'Pr\@/t'l’r
Xue, J. Y.; Nakanishi, W.; Tanimoto, D.; Hara, D.; Nakamura,
Y.; Isobe, H. Tetrahedron Lett. 2013, 54, 4963-4965.

Belt-Shaped Cyclonaphthylenes

1) PtCl,cod
) v 1) PtClycod
THF . CsF
o, S [ <0 "
i i ) . 65°C, 24 h
sy o - -
2) PPhy 2) PPh
0-DCB ) DSB
180°C, 24h e
180°C, 24h
Sun, Z.; Sarkar, P.; Suenaga, T.; Sato, S.; Isobe, H. Angew. Chem. Int. Ed. 2015, 54, 12800-12804.
Synthesis of [4]cyclo-2,8-anthanthrenylene A
] R= § =— Bu, 80% ~_ Pd/C (10 mol%)
R=H ) toluene, 25°C, 3h
= Hexyl
Br 80%
. NaBH, 6.8 eq. [Ir(OMe)cod], 20 mol%
1) RLi (10 eq. R y 2
TLF, 2(5°c, (}2) h 6 TMEDA 6.8 eq. R dtbpy 40 mol% R
O O PdCl, (dppf) CH,Cl, (5 mol%) 6 B,Pin, (3.0 eq.) 6
gwemo (90 S T
(6.0 eq.) Q THF, 25°C O Q cyclohexane PinB Q Q
3 MHCL aq. R Q 80°C Q
Y R R

THF, 25°C, 3h Bl

Pigment red

R

O

PtCl,cod (1.0 eq.)
K3PO, (6.0 eq.) for R = TIPSe
CsF (6.0 eq.) for R = hexyl

=
I

R = TIPSe, 2%
THF DCB, 180°C, 48 h (racemate; 2 steps)
gorc. 24h R = hexyl, 16%

mixture of isomers; 2 steps
7 Il
O 1. [PtCly(cod)] O
ol = P L OO
4 = &
R DCB, 180°C, 24h

R = OHex 8%

Matsuno, T.; Kamata, S.; Hitosugi, S.; Isobe, H. Chem. Sci. 2013, 4, 3179-3183. 1
Sarkar, P.; Sato, S.; Kamata, S.; Matsuno, T.; Isobe, H. Chem. Lett. 2015, 44, 1581-1583. 0
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Trimer Pt-macrocycle . .
y Macrocyclization with heterocycles

N

U

88

142"
u

fJ
Trimeric Pt-complex 5
PinB QOQO e (Pue) 1) [PtCly(cod)]
CsF
oDCB
100°C, 24 h
2) PPh,
Kogashi, K.; Matsuno, T.; Sato, S.; Isobe, H. Angew. Chem. Int. Ed. 2019, 58, 7385-7389. toluene
25°C, 30 min.
100°C, 24 h
Obtuse-angled corner unit for the synthesis of CPP
Br
B
' O Ikemoto, K.; Fujita, M.; Too, P. C.; Tnay, Y. L.; Sato, S.; Chiba, S.; Isobe, H. Chem. Lett. 2016, 45, 658-660.
@ow [Ni(cod),]
2,2'-bipyridyl
Mg(TMP), 2 LiCl 1,5- cyclooctadlene Zn, AcOH OOO
“oDCB . . . .
L 100°C Macrocyle formation via suzuki-cross coupling
90% O
— & 430 TMS
(. T m=5:13% ™S [PA(PPhs), (10 mol%) —
) ) m=7:<6% N A Cs,CO3 (5.0 eq.) \ 7
Sun, Z.; Miyamoto, N.; Sato, S.; Tokuyama, H.; Isobe, H. Chem. Asian J. 2017, 12, 271-275. | + | N n/2
~ —
Br” "N~ TBr PinB~ "N~ "Bpin DMF (10 mM)
tBu _ tBu 110°C, 11 h
[Ni(cod),] n=6 13%
2,2'-bipyridyl n=8 5%
“ 1,5-cyclooctadiene “ n=10 7%
n=12 5%
‘ toluene/DMF O n=14 4%
Br Br () n=5603%) Xue, J. Y.; Ikemoto, K.; Sato, S.; Isobe, H. Chem. Lett. 2016, 45, 676-678
Ikemoto, K.; Sato, S.; Isobe, H. Chem. Lett. 2016, 45, 217-219.
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Phenine frameworks: trisubstituted benzene derivative as building block

Yamamoto-coupling

Ni(cod),

1,5-cyclooctadiene
[NICMP

Derivatization of CMPs

B,Pin,
[Ir(cod)OMe)],
dtbpy

/@\ 2,2"-bipyridine ‘
Br Br toluene/DMF “

80°C,1h
[rICMP
[sicMP CHCl. n=>o-14
o extraction
17%* X I toluene
[7ICMP extraction
7%P GPC
[9ICMP
1%2 [B]CMP _PhCI
19¢  extraction
[slcmMP _oDCB

1099 extraction

Xue, J. Y.; lkemoto, K.; Takahashi, N.; lzumi, T.; Taka, H.; Kita, H.;
Sato, S.; Isobe, H. J. Org. Chem. 2014, 79, 9735-9739.

Suzuki-cross-coupling

Me

Me

Pd,(dpa); CHCl, H O H
SPhos O O

Br Br Cs,COs

.
DMF
/@\ 110°C, 24 h O O
Bpin Me O Me

H

Bpin

3Me-[6]CMP

Xue, J. Y.; lzumi, T.; Yoshii, A.; Ikemoto, K.; Koretsune, T.; Akashi, R.; Arita,
R.; Taka, H.; Kita, H.; Sato, S.; Isobe, H. Chem. Sci. 2016, 7, 896-904.

THF, 65°C

toluene/H,O RX
100°C
R

BPin

n=5, 99%
n=6, 94%

Mel

Pd,(dba), *CHCl3
P(o-tolyl);, K,CO4
-5

DMF, 60°C

Pd,(dba), *CHCl,

SPhos, Cs,CO;3

, R = 2'-tolyl

2'tolyl

03D

2'-m-xylx|

2'-m-xylx|

5Me-[5]CMP

81%
78%
81%
78%

lkemoto, K.; Yoshii, A.; Izumi, T.; Taka, H.; Kita, H.; Xue, J. Y.; Kobayashi,

PinB CN CHCly
O SPhos
Cs,CO3

R.; Sato, S.; Isobe, H. J. Org. Chem. 2016, 81, 662-666.

Donor-acceptor-substituents

OZ
Q
z

Pd(dba)s .

N
+
DMF
Br Br

PinB CN

3% /20%

Ni(cod),
toluene/DMF 2,2'-bipyridyl
1,5-cyclooctadiene

N K,CO3
. B —
DMF/H,O NC CN
o o0
PinB BPin
Br Br

Yoshii, A.; Ikemoto, K.; Izumi, T.; Kita, H.; Taka, H.; Koretsune, T.; Arita, R.;
Sato, S.; Isobe, H. ECS J. Solid State Sci. Technol, 2017, 6, M3065-M3067.
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Phenine frameworks: Geodesic phenylene bowl, saddle and hemisphere

BPin
Res C
™S t-B t-B Pd,(dba); CHCI Ni(cod)
. -Bu -Bu a i(co
t-Bu BoPin, t-Bu SP2h : ° 2 ;
Pd(PPhs) 0S 1,5-cyclooctadiene
fir(cod)(OMe), KyCOs Cs,CO 2,2"bipyridine
dtbpy 2003 2 3 ’ py
e Cl
Cl THF, 60°C, 18 h Cl BPin THF/H,O O toluene/H,0 toluene/DMF, 80°C
80 h 75°C, 18h 100°C 32%
94% R Br, 56%
R=TMS CCly
R = Br 0°C,5h
89%

Geodesic phenylene bowl

[7]circulenoidal GPF 2

corannulenoidal GPF 1

lkemoto, K.; Kobayashi, R.; Sato, S.; Isobe, H. Angew. Chem. Int. Ed. 2017, 56, 6511-6514.
lkemoto, K.; Lin, J.; Kobayashi, R.; Sato, S.; Isobe, H. Angew. Chem. Int. Ed. 2018, 57, 8555-8559.
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Phenine frameworks: Geodesic phenylene bowl, saddle and hemisphere

-Bu
6
T™MS PACI,(PPhs), Br ¥ Br
Pd{FPhj3), Bapins Pd(FPhg)y
Elr'@ Br 2 KoCO2 ™S @%TMS KOAc TMS @@\@TMS KzC0;
———————
H,O/DMF DMSO . . DMF/H,0
, @ 3 80°C,18h Br Br 80°C,16 h Bpin Bpin  g80°C,15h
ping Bpin  ggay a 0ga, 5 B5%
Ni{cod)s
bpy
cod
toluene/DMF
80°C, 2h
58% tBu
ICI
11 (X =TMS)
CHCI
12=h =I5 g%
[Ir{cod){OMe)]2 1 | Ni(cod),, bpy, cod
dtbpy PdCl,{dppf)-DCM toluene/DMF

B.pin: K,CO, B0°C,2h
30% in 2 steps

THF THFH-0

65°C, 18 h 65°C, 24 h

quant. T9%

GPF hemisphere (1)
Mio, T.; Ikemoto, K.; Sato, S.; Isobe, H. Angew. Chem. Int. Ed. 2020, 59, 6567-6571. 14
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Phenine frameworks: nanotubes and CPP with periodic vacancy defects

T™S T™S T™MS T™MS
o D D
Br
_—
— Q T D O o O
(e B, O
T™MS T™MS

T™MS
e
R = BPin

1a: X =Br '

2a: X = Bpin step i step ii
IV ' "CHQClz cod
1b: X =Br ' KCs i
2b: ¥ = Bpin Fiag 2,2"-bipyridine
142 ——— = - -
' DMSO toluense/DMF
! 80°C 80°C
1c: X = Br ,
2c; X =Bpin

[n]cyclo-para-phenylenoidal GPF

70% (1) 56% (i) 21% (i} 39% (i) 26% (i) 65% {i) (In]-CPP-GPF; n = 3,4,5)
25% (ii} 34% (ii) 32% (i 56% (i) 9% (i) 34% (i)

Sun, Z.; Mio, T.; Ikemoto, K.; Sato, S.; Isobe, H. J. Org. Chem. 2019, 84, 3500-3507.
Sun, Z.; Ikemoto, K.; Fukunaga, T. M.; Koretsune, T.; Arita, R.; Sato, S.; Isobe, H. Science 2019, 363, 151-155.
Ikemoto, K.; Tokuhira, T.; Uetani, A.; Harabuchi, Y.; Sato, S.; Maeda, S.; Isobe, H. J. Org. Chem. 2020, 85, 150-157.

(12,12)-pNT, CagsHass
t=7.0, Fo=67%, Fa=67%

K. Nguyen

(12,12)-NpNT, CogsHoseNg
t=7.0, Fp=53%, Fa =64%

lkemoto, K.; Yang, S.; Naito, H.; Kotani, M.; Sato,

S.; Isobe, H. Nat. Commun. 2020, 11, 1807.
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Superbenzene-Based-Conjugated Chiral Macrocycles and Cyclophanes

K. Nguyen
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Scheme 1. Synthetic routes of benzidine/quinoidal benzidine-linked, HBC-based macrocycles (1-NH/1-N) and cyclophanes (2-NH/2-N; 3-NH/3- 0 Q)
N): a) 4-Bromoaniline, KOBU', toluene/DMSO, 80°C; b) Ni(COD),, THF, 65°C; ¢) PbO,, CHCI,CHCl, or THF, rt; d) 2-(4-fluoro-3,5-dimethylphen- X a2 = M, b B Me
yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, K,CO,, Pd(PPh;),, THF/H,0, 90°C; e) FeCl,, CH,Cl,, MeNO,, rt; f) 1-(tert-butyl)-4-ethynylbenzene, Cul, S5 ’.’O NH . ?‘? »
Pd(PPh;),Cl,, Et;N, 70°C; g) Co,(CO)s, 1,4-dioxane, 100°C. o o
3-NH 3N
Li. G.; Matsuno, T.; Han, Y.; Wu, S.; Jiang, Q.; Zou, H.; Isobe, H.; Wu, J. Angew. Chem. Int. Ed. 2020, ASAP
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