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"One-Electron Sigma Bond™ - A Challenge to a New Theory of the Chemical Bond
Developed by Using Radical Cations
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(4-BrC6H4)3N +ShCl6- 1d
o] 1d + 1d +SbCl16-
5d-CI1+ShC16-

In this work, to prove the one-electron o bond experimentally,
electron-transfer reactions of cage compounds 1 were examined under various conditions.

In laser flash photolysis of 1b having tolyl groups, under photoinduced electron-transfer conditions, an
absorption spectrum of the radical cation intermediate having a one-electron o bond 1b + was observed
successfully, as expected.

On the other hand, it was expected that 1d +SbCl6-, a salt of a stable radical cation 1d + having a
one-electron o bond, would be produced in an electron-transfer reaction of 1d having the triphenylamine
moiety by using aminium salt (4-BrC6H4)3N +ShCI6- as a one-electron oxidant. In fact, however, a

phenolate-ion containing salt 5d-C1+SbCI6-, which is totally different from 1d +ShCI6-, was unexpectedly
produced in a high yield.

DFT




EL

1,2-

Ar
=
SEEE
) %7]'./ STUAIWVAFAY
H1. T—BFoHEE ’&ﬁ?’é?l’-ﬁ%ﬁ:%’zﬁ)bﬁ??}'/
DERL
()
1

Pauling

Y ERERIX
FYEER
Al Ar A Ar
r§;§ i Nt Bz A\&FQTN
3 3+ 4+
& YEERRIR
LY EER

r = CgHs (Ph, a), p-CH3CgH, (Tol, b), p-CH30C¢H, (An, ), etc.

E2. (k) WTREF1,LERTSE —EFo#ES) 287
LIEDBESCHALAFAU 1. (F) LBEE 3 hoHREMIC

ERT MBS CHILAFA Y 4
24
1 3
LFP
YAG 355 nm
25 ~
Y
1
1"X
ESR
1 1"X
o
ESR
DFT 1"X

Atoms in Molecules AIM

26

AIM



24 la-c LFP
3a-c
3ac”’

lac”

1b (35gvnm) / (:(';\r?BF 4—/ 1b+

> or

b+

1b*+ at 530 nm
4b'+ at 498 nm

400 500 600 "0 50 100 150
Apg/NM t/us

3. EE1bELUbA SFLNT-LFPOFER .

A 213 A
Ar o Ar '(\ . /[
X *
L 1b+ spin density

4. EBE1b*ODFTHEICL 2D FEES L UEFRED
FF{@ (Ar=p-CHzCgHy, b) .

1d LFP
DFT
1d”* DFT
o
la-c”’
LFP
1d™
o
1dX
— b
NPh, NPh,
Ar oy Ar,
1d+ = - o S
o1d+ am-1d+ a
®5. 1d+D#*BH#HER (Ar = p-Ph,NCeH, )
04 from 1d 6 Q&
675 nn| NPhZ
8 0.2-
<
00 - T T =
400 600 800 6+
)\’AB / nm

6. EHE1bE LU SFLNI-LFPOSER.

25
(p-BI'(:6H4)3N.Jr SbC16 1

5d-C1+SbC16 /IAB =
365 nm

Wagner-Meerwine

5d-C1"SbCly
Ph Ph
4
PhoN NPh,
(4-BrCgHy)sN+
Q 0 SbClg~
(1 eq)
n n
;ﬂ CH,Cl,
1 5-CI*SbClg~

d:n=1 d:y. 95%
en=2 e:y. 90%

7. EE1d,eD7 I - LEEZRAV-—EFHRIERIGIC
FYERTE I/ LM F EHIE.

26
1d 5d-C1"SbClg
5d-CI" Cl
le LFP
d™ 1"
5e-C1"SbCl Aap =580 nm
1
5-C1"SbCly
5-C1"SbCly o
1"X
o
17X

Pauling



16

“Preparation of a Cyclic Polyphenylene
Array for a Zigzag-Type Carbon Nanotube
Segment” J. Org. Chem. 2015, 80,
5092-5110. Sekiguchi, R.; Takahashi, K.
Kawakami, J.; Sakai, A.; Ikeda, H.; Ishikawa,
A.; Ohta, K.; Ito, S.

“A Facile and High-Yield Formation of
Dipyrrinboronic Acid Dyads and Triads: A
Light-Harvesting System in the Visible
Region Based on the Efficient Energy
Transfer” Org. Biomol. Chem. 2015, 13,
2574-2581. Yamamura, M.; Yazaki, S.; Seki,
M.; Matsui, Y.; Ikeda, H.; Nabeshima, T.

“The  "Excited  State C-C  Bond
Cleavage-Luminescence" Phenomenon of a
Biphenyl-Substituted Methylenecyclo-
propane Triggered by Intermolecular Energy
Transfer from Triplet Benzophenone” Chem.
Commun., 2014, 50, 13963-13966. Matsui,
Y.; Kido, T.; Ohta, E.; Ikeda, H.

“Pyreno[4,5-b]furan and [4,5-b:9,10-b']-
difuran  Derivatives as New  Blue
Fluorophores: Synthesis, Structure, and

Electronic Properties” Chem. Lett. 2014, 43,
696—698. Kojima, T.; Yokota, R.; Kitamura,
C.; Kurata, H.; Tanaka, M.; Ikeda, H.;
Kawase, T.

“Theoretical Study Demonstrating that
Silylene Bridging Brings about LUMO
Energy Lowering without Increasing the
Reorganization Energy for Single Electron
Transfer” Chem. Lett. 2014, 43, 755-757.
Ohta, E.; Ogaki, T.; Aoki, T.; *Ikeda, H.

“Exciplex =~ Ensemble = Modulated by
Excitation = Mode in  Intramolecular
Charge-Transfer Dyad: Effects of
Temperature,  Solvent  Polarity,  and
Wavelength on  Photochemistry  and
Photophysics of Tethered

Naphthalene-Dicyanoethene System” Org.
Lett. 2014, 16, 4888-4891. Aoki, Y.; Matsuki,
N.; Mori, T.; Ikeda, H.; Inoue, Y.

“Formation of a New Benzotriquinane

Skeleton via Intramolecular
Photocycloaddition =~ Reactions of a
Phenylethynes Moiety to a
1-Cyanonaphthalene Ring System”

Photochem. Photobiol. Sci. 2014, 13,
145-148. Mizuno, K.; Negoro, N
Nagayama, Y.; Maeda, H.; Ikeda, H.

“One-Pot Photochemical Synthesis of Novel
Thienobis| 1 ]benzothiophene with an
Angularly-Fused Structure that Promotes

10.

11.

12.

13.

14.

15.

16.

Unique Intermolecular S---S Contacts in the
Crystalline State” Tetrahedron Lett. 2014, 55,
4269—-4273. Ogaki, T.; Ohta, E.; Yamamoto,
A.; Sato, H.; Mizuno, K.; Ikeda, H.

"Unexpected Formation of a Phenonium
Ion-Containing Salt by Single
Electron-Transfer Oxidation of a Cage
Compound  Possessing  Triphenylamine
Moieties" Tetrahedron Lett. 2014, 55,
4366—4369. Kuramoto, Y.; Matsui, Y.; Ohta,
E.; Sato, H.; Ikeda, H.

“Remarkable Difference in Fluorescence
Lifetimes of the Crystalline States of
Dibenzoylmethanatoboron Difluoride and Its
Diisopropyl Derivative” Tetrahedron Lett.
2013, 54, 4380-4384. Tanaka, M.; Ohta, E.;
Sakai, A.; Yoshimoto, Y.; Mizuno, K.; *Ikeda
H.

“Synthesis of Pentadecaphenylenes, Their
Inclusion Properties, and Nanostructure
Formation with Cg¢,” Chem. Commun. 2013,
49, 9251-9253. Rahman, M. J.; Shimizu, H.;
Araki, Y.; Ikeda, H.; Iyoda, M.

“Synthesis and Basic Properties of
Tetrathieno[2,3-a:3',2'-c:2",3"-f:3",2"-h]naph
thalene: A New =#-Conjugated System
Obtained by Photoinduced
Electrocyclization—Dehydrogenation
Reactions of Tetra(3-thienyl)ethene”
Tetrahedron Lett. 2013, 54, 4049-4053.
Yamamoto, A.; Ohta, E.; Kishigami, N.;
Tsukahara, N.; Tomiyori, Y.; Sato, H.;
Matsui, Y.; Kano, Y.; Mizuno, K.; *Ikeda, H.

“The  Lifetime and
Triplet-Triplet Fluorescence from the
Excited State of a TMM Biradical
Determined Using Transient Emission
Spectroscopy on Two-color Two-laser Flash
Photolysis” Phys. Chem. Chem. Phys. 2013,
15, 7064-7069. Matsui, Y.; Kawahara, D.;
Ohta, E.; *Ikeda, H.
“3,14-Bis(p-nitrophenyl)-17,17-dipenyl-
tetrabenzo[a,c,g,i |-fluorene: A New
Fluorophore Displaying Both Remarkable
Solvatochromism and Crystalline-induced
Emission” Chem. Asian J. 2013, 8, 392-399.
Ueda, Y.; Tanigawa, Y.; Kitamura, C.; *Ikeda
H.; Yoshimoto, Y.; Tanaka, M.; Mizuno, K_;
Kurata, H.; Kawase, T.

“White Light Emission from a Single
Component System: Remarkable
Concentration Effects on the Fluorescence of
1,3-Diaroylmethanatoboron Difluoride”
Tetrahedron Lett. 2012, 53, 4138-4141.
Sakai, A.; Tanaka, M.; Ohta, E.; Yoshimoto,
Y.; Mizuno, K.; *Ikeda, H.

“DFT Studies of Unique Stereoelectronic
Effects of Substituents on Divergent

Efficiency  of




10.

Reaction Pathways of
Methylenecyclobutanone Radical Cations”
Tetrahedron 2012, 68, 5564-5571. Kano, Y.;
Tanaka, F.; Ohta, E.; Mizuno, K.; *Ikeda, H.

25
2014 12 4

-SOMO -

2014 11 11 Ikeda, H. “Spectro-
scopic and Exploratory Study of the Organic

Radical Cation with the Nature of
One-Electron Bond” The 8" Asian
Photochemistry Conference 2014
(APC-2014), Trivandrum, India.
2014 10 15
EL
4 CSJ 2014
2014 8 5
-SOMO
- 34
2014 7 29
EL -

2014 4 3 Ikeda, H. “Spectroscopic
and Exploratory Study of the Organic
Radical Cation with the Nature of
One-Electron c Bond” The International
Symposium on Reactive Intermediates adn

Unusual Molecules (ISRIUM) 2014,
Hiroshima
2014 3 29

EL

94

2013 12 25

2013 in
2013 12 5
T OIEM~FL ORI e F b7
H~, 5 40 )
2013 11 27 Ikeda, H.,

“Spectroscopic and Exploratory Study of the
Radical Cation Possessing One-electron
c1Bond”, The 9th Korea—Japan Symposium

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

on Frontier Photoscience
Seoul, Korea.

2013 11 21 Ikeda, H.; Ohta, E.;
Kuramoto, Y.; Asada, N.; Mizuno, K,
“Spectroscopic and Exploratory Study of the
Radical Cation Possessing a One- electron [
Bond”, The 11th International Symposium
on Organic Reaction 2013 (ISOR-11), Taipei,
Taiwan.

2013 11 19 Ikeda, H.,
“Spectroscopic and Exploratory Study of the
Radical Cation Possessing a One-electron [

(KJFP-2013),

Bond”, Seminar of Physical Organic
Chemistry at National Chiao Tung
University, Hsinchu, Taiwan.
2013 10 4 “ 6
1,4-
2013 7 24 “
EL ”

14

2013 7

2013 6 6 Ikeda, H., “Thermo- and
Electroluminescence ~ of  Organic  [J
Diradical”, The 11th International Sympo-
sium on Functional =n-Electron Systems
(Fm-11), Arcachon, France.

2013 4 23 “
EL K 131 131
2013 3 6

2012 10 22 Ikeda, H.; Asada, N.;
Ohta, E.; Oshima, M.; Mizuno, K.,
Spectroscopic and Theoretical Evidence for
a Radical Cation with a One-electron 6-Bond
Generated by PET Reaction, 7th Asian
Photochemistry Conference 2012, Osaka,

Japan.
2012 10 21
EL
2012 9 29
1 ,
2012 9 12 Ikeda, H. Generation of




the Ground and Excited State Biradicals by —

Controlling BET Step in PET Reactions EL —" s
2012 . 2012, 70(5), 434-441
. 2012 8 3

~BIx vy A, GHT VA EL
o 44 o
. © 0
. 2012 7 16 Ikeda, H.; Asada, N.;
Osahima M.; Mizuno, K., “Spectroscopic
and DFT Evidence for a Radical Cation (€H)
Possessing a One-electron ¢-Bond”, XXIV http://www.chem.osakafu-u.ac.jp/ohka/ohka5/ind
IUPAC Symposium on Photochemistry, ex.html
Coimbra, Portugal.

o

L2012 7 19 T ®
1. 38
EL n 2014 6
8 2 (13
L2012 6 27
EL— .
- 2. 2013
2013 9
7 ) 1
- g
2014 138-139 “ »
4 — (1) 3. 24
" 2013 9
“ 1 (13
EL " "
2014, 67, 335-337. ”
" 2014 65 )
’ IKEDA, Hiroshi
27-31.
« —_— 30211717
c-C - » @
2013 43, 150-153. 6)
)
- YAMAMOTO, Yosuke
’ 50158317
2013, 129-134. « 3 OHTA, Eisuke
n ) 1.
- 20550320

MATSUI, Yasunori

KURAMOTO, Yutaro

2013 271-325
“ 6 »




