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RNA: sk LA E

B2 Y Aromatic acids
MR B s

(Onl ns oA c mMass)

A. W. Hofmann P . Roy 185558 ¢ .

August Wilhelm von Hofmann
(1818/4/8 — 1892/5/5)

EEMEEE: Aromatic sextet
Z M FRAfEk

(CCXI. Polynuclear heterocyclic aromatic types. Part Il. Some
anhydronium bases, 1925)

R. Robinson J. Chem. Soc. Trans. 1925, 127, 1604. Robert Robinson

(1886/9/13 — 1975/2/8)



11 E5=T4A: hEEEEM

A &EMFIHE: Hiickel's rule [4n +2]

(Quantent heoretische Beitrage zum Benzo
des Benzols und verwBdMdter Verb

Aromatic Not aromatic

<

N ®
P
N

E. Huckel Z. Phys. 1931, 70, 204.

\- / Erich Huckel
(1896/8/9 — 1980/2/16)
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12 B52NE: FEMENAR

a1 SN YE &MY J\
Huckel Dewar Sommerfeld o o)
1959 1985 2003
1931 1979 2002

-7 BEEEH \) BRE S Mobius = &4
Winstein Kroto Ajami
E. Hickel Z. Phys. 1931, 70, 204. H. W. Kroto, et al. Nature 1985, 318, 162.
S. Winstein J. Am. Chem. Soc. 1959, 81, 6524. T. Sommerfeld J. Am. Chem. Soc. 2002, 124, 1119.

M. J. S. Dewar Bull. Soc. Chim. Belg. 1979, 88, 957. D. Ajami, et al. Nature 2003, 426, 819.



1.2 B=4E: eRFEMNEL

FEMNSSKALUREBRESF/HIILESE

BurstenfIFenskeE1979EMBRIL T —FELAYIRT, EXIRE T &R HE &1 (Metalloaromaticity) &

- D
v v v

Fe., oc—/c'o—co AN
oc” 1 ‘Co 2
CO oC o oc” o

o /

B. E. Burstenand R. F. Fenskel nor g. 1929 & 31760.



128RNE: eREIINSTENLEY

1979
I I T
Ly, | v—e Clua,, Ls,, | \—
L;I\/in‘\ > Cl;th L;Rh‘\ >
L L

D. L. Thorn and R. HoffmannNo u v C h i1 1979, 3, 39.

1989
—l@

EtaPs,, |
I
Et;P " 5=

J.R.Bleekeet Jal .Am. Ch1988,.1 1S4d 18.

1982

PPh,

PPh,

W. R. Roper et al. J. Chem. Soc. Chem. Commun. 1982, 811.

2001

PPh,
Clu,, |___SiMeq
/ .
I SiMes

PPh

G.Jiaet AanlgewChem. 200h 4 019%d .



BRITA: sRANSEULESY-ERE

\ W. R. Roper et al. J. Chem. Soc. Chem. Commun. 1982, 811. /J

~

_

Craig-Mobius &4

[OS] = OSC'(PPh3)2
R = COOMe

J. Zhu, H. P. Xia et al. Nat. Chem. 2013, 5, 698.

p, orbital

10n aromatic system

M: dsp?

Z.F.Xi, eb®.

BRESENE

©j0§: ¥
\J
N

aAm.

\

C h201#, 1 33H0IO..

(

= AuPPh; )

L. Zhao, J. Zhu,

eNa®€b mmu2019,1 056

=+
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BRITA: TilSEHE%R

a ZBTH L EFR I

H SH
H ==
H||3’N‘||3H 0B S,é\s / El TS5 EE* \
HN.__NH S T

5 HB. __BH BB 5
H O HS” ™ ~S” “SH O
PZ/
B3N3Hg B3O3H3 B3S3He o
A. Stock and E. Pohland Ch e m. 1926,5 8, 2215. 5
L.Barton, et nal ¢ h*966,5, 2076.
K E. Wibergand W. Sturm A n g e w C h 985, 6 7483. / M. Baudler, et al. Angew. Chem. Int. Ed. Engl. 1988, 27, 280.
SHENEFERARE V=R
_ _s _ ©p
\ N \ S N N\ 4
Ol uop 4 N
N N PoNg™

Ns SN2P; S2N2 A. Velianand C. C. Cummins S ¢ i e 20t5¢3 4,8001.
A. Vij, et al. Angew. Chem. Int. Ed. 2002, 41, 3051.
X. Zeng, et al. Angew. Chem. Int. Ed. 2015, 54, 1327.

P. B. Karadakov, et al. Chem. Eur. J. 2018, 24, 16791.




1.2 5=MTE: FEENMER

Molecular wheels

Co®B;, (D,, 'A,,)

Ta@B,y (Dyop 'A,g) Nb©B,, (D

1o’

1A19)

A @@@@%%

(D 'AY")  (Dani Byy) (Dans 'Aq) (Dany 2Bag) (Cey *A)  (Cavi 2By)  (Dgy, 'Aqg)

By~ By By~ Bis
(Cs?A)  (Can'A))  (Cu2A)  (Con'Ay)  (Con?A;)  (Cy'A)

’ A
o X2 JAD
/ S\ >
S LA CVR)
VAVAVAY, VAVAV,
Big B, Big” Bio”
(Con 2A,) (Caovs 'Ay) (Cav 2A) (Cos 'Ay)
AVAN
/4 I \\
’A\.é@./é‘
VAV YA
%@

AVAV,Y,
é'QVA\e/AeA AVZRA
©VAYAYAAN LY.V, PAVA!
VAVAYAYAYER VA, VAVAVAY,
L(Ch'A) _ _ IL(Cy'A) 1. (Cy, 'A) II. (Cy, 'A)
25 27

A. l. Boldyrev and L. S. Wang Phys. Chem. Chem. Phys. 2016, 18, 11589.
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1.2

d6 =2
H R

AN

/

73
= =

5 AN & R

Year
1931

1954
1964
1965

1971

1972
1972
1972
1978
1984
2000
2002
2004
2008
2008
2011

2013
2014
2015

Main contributor(s)
Hiickel

Platt

Heilbronner and Herges
Breslow

Wade

Mingos

Baird

Clar

Ovchinnikov
Glidewell, Lloyd
Hirsch

Jemmis

Ruiz-Morales

Soncini, Fowler

Rzepa

Poater, Sola

Havenith, Nguyen, Ceulemans
Nguyen

Zhao, Li

M. Sola W1

Contribution

Hiickel's (4N + 2) n-electron rule of monocyclic annulenes
Platt's ring perimeter model

4N m-electron rule for Mobius-type conformation of annulenes
Antiaromaticity of 4N m monocyclic annulenes

2N + 2 cage electron rule for closo boranes

4N + 2 valence electron rule for closo boranes

4N m-electron rule for the lowest-lying triplet state of annulenes
[T-sextet rule for benzenoid species

Multiplicity of the ground state of large alternant organic molecules with conjugated bonds

Extension of Clar's rule to polycyclic conjugated hydrocarbons with even number of C atoms

2(N + 1) rule for spherical aromatic species

Extension of Wade-Mingo's rule to fused boranes, the mno rule

Y-rule, an improvement of Clar's rule

A generalization of Hiickel's (4N + 2)r rule and Baird's 4N = rule to higher excited states
Linking number rule as a generalization of Hiickel's (4N + 2) n rule and Mobius' 4N = rule
2N? + 2N + 1 (S = N + ') rule of open-shell spherical aromaticity

Rule for disk aromaticity

Rule for cylindrical aromaticity

6N + 2 rule of cubic aromaticity

REso mp.u tMo | 20193¢cei1404.
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[ -

BRI F AT

(Nucleus-Independent

N NICS(0)

NICS(1)
NICS(1),,

QO

Chemical Shifts, NICS):

B3LYP

HEREEE -

N.J.R.E.Hommese t .Jal A
R.Herges, e Cha m.

m. Ch1996,.1 136317.
2805,1.0,33758.
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— . Aéi = :;F'll‘tl:

+ 7 /55

(All-Metal Aromaticity)
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[EERUEYRIMVSEM]
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21 2R/ EM: Ga*

Robinsonfki 8 T T 2ERFEMELEY:
M,[(CgH;5-2,6-Mes,)Gal; (Mes = 2,4,6-Me;CH,, M = Na, K)

(CeH3-2,6-Mes,)GaCl, + M

G. H. Robinson, e
G. H. Robinson,
H. F. Schaefer,

g.

ahAm.

M[(CeH3-2,6-Mes;)Gals

/ K,[GaH]; 3 FHEHE \

Ch1996,.1 157678.

e Or ghnomelf96,1158768s

et .

aRiAm.

Ch1896,1 130G635.

14



21 =€ RFEEM: Ga,*

(C6H3-2,6-Trip2)GaC|2 + K —_— K2[(C6H3-2,6-Trip2)26a4]

(Trip = 2,4,6-i-Pr3CgH>)

B. Twamley and P. P. Power Angew. Chem. Int. Ed. 2000, 39, 3500.
A. D. Phillips and P. P. Power J. Cluster Sci. 2002, 13, 5609.
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21 =€ RBFEM: BLSRE—AL>

Observation of All-Metal Aromatic Molecules

111ER h,ﬂ'"'/

Alexander |. Boldyrev Lai-Sheng Wang

A. I. Boldyrey, L. S. Wang, et al. Science 2001, 291, 859.

16



21 2EBAEMN: ALZHFIFIRE

Cu/Al;
Li(Na),CO,/Al

l

Bt%

l

MAIl,(M = Li, Na, Cu)

l

RAE

-
— target & nozzle

N
- cluster beam

/\ C—1

Cluster
Detector

permanent
magnet II

)| ) ]

—

pulsed ion
extraction

L

\ L |

—

mass gate /

decelerator

flight tube

vaporization
laser

A. l. Boldyrev, L. S. Wang, e 6 c a k2001e2 9,B59.

electron
detector

B

T 3.5m electmn/—/”'//://

\

laser
beam

IR N



21 =8 RFAFEM:

Al 2B 5% E

SEEYMERFIE

ab-initioit &

. ZEFIPL{k: B3LYP(6-311+G*)

. ZEFMA{L: MP2 (6-311+G*)
. BEEE [CCSD(T)] (6-
311+G(2df))

CuAl,-

(

.

SFHIERF

A|42'

J

A. |. Boldyrey, L. S. Wang, et al. Science 2001, 291, 859.
A. |. Boldyrev and L. S. Wang Chem. Rev. 2005, 105, 3716.

A B
D,,'A Cu'B

4h> 1g % u
AE = 0.0 keal/mol AE = 13.3 keal/mol

C D
D,,’B, Ca ‘A,

AE=154kealmol  AE =19.8 keal/mol

A .

AE 25 2 keal/mol AE 25 9 keal/mol

18



21 EERBFEM: ALZZEHIEIE

Relative Electron Intensity

JtH F e (Photoelectron Spectroscopy, PES) + ab initioit &

355 nm

266 nm

Binding Energy (eV)

0 1 2 3 4

Binding Energy (eV)

VDEs(Vertical detachment energies)it&: OVGF/6-311+G(2df)

Observed Square pyramid Fully planar
features VDE (exp.)
MO VDE (theo.)* MO VDE (theo.)*
LiAl,~
X 2.15 + 0.06 3a, 2.09 (0.86) 4a, 1.96 (0.86)
A 2.20 = 0.06 1b, 2.17 (0.85) 1b, 1.98 (0.86)
B 2.82 = 0.08 2a, 2.69 (0.85) 3a, 2.52 (0.85)
C 3.09 = 0.04 'Ibz 2.97 (0.85) 2b2 3.01 (0.85]
NaAl,~
X 2.04 = 0.05 3a, 1.92 (0.86) 1b, 1.83 (0.85)
A 2.09 + 0.05 1b, 2.05 (0.85) 4a, 1.86 (0.86)
B 2.70 = 0.05 2a, 2.52(0.86) 3a, 2.31(0.85)
C 2.96 + 0.05 1b, 2.86 (0.84) 2b, 2.83(0.84)
CuAl,~
X 2.32 £ 0.06 Zb1 2.32 (0.86) 2b1 2.18 (0.86)
A 2.35 +0.06 4a, 2.39(0.87) 6a, 2.21(0.86)
B 3.24 + 0.09 2b, 3.35(0.85) 5a, 3.24(0.85)
C 3.84 = 0.06 3a, 3.65 (0.86) 3b, 3.33(0.86)

A. I. Boldyrey, L. S. Wang, et al. Science 2001, 291, 859.

19



21 &€ BEEM: ALY TFHIE

—ESEM
e MAEM
- OABM
HOMO (1ay,) HOMO-1 (2a,9) HOMO-2 (1byg) HOMO-3 (1b,)
C,H2 Al2
8ol ., 4TOoRT
2N THF 2P TTEF

HOMO-4 (1e,) HOMO-4 (1e,) HOMO-5 (1ag)

A. l. Boldyrev, L. S. Wang, e §c a k 2001e2 9,B59. 20
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21 & RBFEEM: ALZHIERE R AR

AT E: Coupled HF[6-311++G(3df)]
o}iE THUIE

P ' e N
P 1oL .9 O W1
iR R
f ’

”

e
LR (el 0% 0 0 |

h

LY

14
/
'
)
\
X
b

'S S Lle1A U Q3
I'4
4
V
{
%
“
N

NN w=Or ¥ 7 2 x

(b)

P. W. Fowler, et al. Chem. Phys. Lett. 2001, 342, 85.
P. W. Fowler, et al. Chem. Phys. Lett. 2002, 359, 530.



21 ZEREEM: AlZRYIAE

3 S AN fig -

;l
o

NICS{&it+&:Canonical MO, GIAO(B3LYP, 6-311+G¥)

3.2 4 ay,
bg
A5 FHIENICSHIIES 221
1.2 -
0.2 |
= NICSHk
TEEF: -17.8 ppm e
oFEF: -11.1 ppm |
(ZHINICS = -9.4 ppm, -
HEE ) -
319
-3.8
P. R. Schleyer,

_08 -eu_ s,

\ CMO-NICS:
k..) Q MO-NI
C/ HoMO(r) -17.8
L./ &_’ HOMO-1(s)+10.8
0,{2 @ HOMO-2(c) -3.9
@ o HOMO-3(c) -1.9
o @
° : &) HOMO4(s) -4.7
R HOMO-5(c)-11.4

\H,J NICS, =-30.9 ppm

ed. aAm. Ch2008,1 2HB3930.

22



21 £&RBFEM: ALHNEESEMHIRE

L -

BFHES

Electron localization function (ELF)

Q

2-
AI—,?\I_l

Al—AI
Bifurcation values
o0: 0.88 0:0.76 0:0.75
1T: 0.99 1T: 0.91 : 0.82
Total: 0.82 Total: 0.68 Total: 0.75

J. C. Santos, et al. J. Chem. Phys. 2004, 120, 1670.

HiRgES
AHKL Al,\ Al,\ A,\
Aly Aly Alg JJ_H’AlZ Al, Al Al;'_rIJ s
Al iLLg
3 Aly Al Al
A|1_L|1‘ Aly Aly JJJJAH
Al, /Aiz Aly /Nz A|4LLL|-‘ /A|2 Aly Aly
Al Alaf"r'I ‘Al A's/
Al Al Al Al
1
Aly Alp Al Aly Al Al JJJJ
4 4 Al Al
\Na \ "JI % \
Aly Al Al
A|1R /Ah /AI1 ,r'_, Aly
Ad/ Aly Al JJJJAIZ AI"‘-LLL' Al A|4/ a
Al Al Al Al

HIRI: 4*4*4=64F%
HHRAE: 52.5 kcal/mol - 72.7 kcal/mol
(%: 20 kcal/mol)

C. G. Zhan, D. A. Dixon, et al. J. Am. Chem. Soc. 2002, 124, 14795.

23



21 e RFEM: ALZ5H

cF

{2

2
AI—AI_|

1l
Al—AI

Al

B,Si,

X |
1
Al—Al

XAl5

Ga—Ga

LX'Gas

i=1
Si—Si

Al,Si,

=

Ga—Ga

Ga42'

M—AI
(=]
AI—AI

MAI3
GéDGa
Si—Si

Gazsiz

-

n_

Ga—Ga

MGa3

-]
Si—Si

S

(X = Si, Ge, Sn, Pb; X' = Si, Ge; M =P, As; L = Li, Na, K, Cu)

A. l. Boldyrev and L. S. Wang Chem. Rev. 2005, 105, 3716.

24



21 =€ RBFEM: A2 ZFRFiA&— Hg,5

MKk 5FNaHg, P AIHg, H 7%

B XD FHIEIRIL 547 Corbett, 1969

J. D. Corbett, A. I. Boldyrev, L. S. Wang,

eAngkewChem.

HOMO (1hy,)

P ’

HOMO-2 (2ay,)

HOMO-4 (1ey) HOMO-4 (1¢,)

HOMO-5 (1ay,)

2001, 4 033dD9d .

25



21 =€ EBFEM: AL

Al,Z (FEM) + 2e — Al* (RFBFEM?)

Relative electron intensi

Li,Al, B % 1

355 nm

B A

193 nm

0 1 2 3 4
Binding energy (eV)

A. |. Boldyrev, L. S. Wang,

LizAly Cg, 1A'
AE = 0.0 kcal/mol

LizAl4~, Cs, A"
AE = 1.0 kcal/mol

E 78.80 76.8°

LizAl;~ “hood”, Cp, 'A
AE = 3.8 kcal/mol

e 5c a k2003e3 0,®22.

LizAl;~ “fork”, Cs, A"
AE = 1.4 kcal/mol

64.4°
LigAl4~ “scooter”, C4, 'A
AE = 4.0 kcal/mol

26



21 EERBFEMN: ALY FiHIE

Al,2 (20+TT)

Al 25 FHIE

+ 2e

Al,4 (20+1T+TT)

4 N

BT RS FHE LiAl, B9 FHIE

HOMO (1ay,) HOMO-1 (2a4g) HOMO-2 (1b;g)

j HOMO (6a') HOMO-1 (5a) HOMO-2 (4a') HOMO-4 (3a')

A. 1. Boldyrev, L. S. Wang, e 6c a b 2083e3 0,622. 27



21 Z2€RBRFEENM: SRFEMERHEFRALY

CMO-NICS:

4- 0.5
%éﬁ'—ﬁgjﬁiéﬁﬂﬂﬁe = ﬁ) & ~ HOMO(x) +27.1
-0.5 a’ — | | ‘-.._3 HOMO-1(c)+10.6
a T : 2) 5.7
Schleyer: NICS (total) = -4.8 ppm -1.5 A a' Uj.m % :ZT; ii ;; 129
a|1 - ; . '|. -2(TM) ~ .
. =t 12 OO T 8 t) 1 Y HOMOA4(s) +2.3
Boldyrev and Wang: A~ P08 2.5 -
-3.5 -

a" : HOMO-5(c) -6.3
-4.5 - — ) -

HOMO-6(c) -7.1

. - | @ T @96
Shaik and Hiberty: Sundholm: 55 - @
THFLEN | R
6.5 NICS;,=-4.8
Fowler, Heine and Merino: [G]BJ7&IA . _
(I EEMH) 754 a — & HOMO-7(c) -11.8

P. R. Schleyer, et al. J. Am. Chem. Soc. 2003, 125, 13930.
A. |. Boldyrev and L. S. Wang Chem. Rev. 2005, 105, 3716.
T. Heine, G. Merino, et al. J. Chem. Theory Comput. 2007, 3, 775. 28



21 &ERBAEEM: Al

MOLECULAR ORBITALS OF CgH3*

EEBENGEER: Al

2a1’, HOMO-2

Na,[((Mes,CgsH3)Al);]

1e', HOMO-3 1e', HOMO-3' 1ay’, HOMO-4

MOLECULAR ORBITALS OF Al3-

1e, HOMO-2 1e, HOMO-2' 1a', HOMO-3

P.P.Power, eAngbkwChem. 2006 4 559%3d .

A. E. Kuznetsovand A.I. BoldyrevSt r uct .2002,H & 1. 29




21 =E€RFEEM: o 57 M

':Iz'ﬁ:ﬁ ﬁ? L|3+
Li,*
Py (NICS(0) =
4ON
Li—Li -11.2 ppm)
D. M. Bishop, et al. Mol. Phys. 1984, 51, 179. HOMO, la,'
+
H3
C_\‘-L[lﬁ i (NICS(O) =
2.99 -33'6 ppm)
[l*;—[”';h, IA]'} Ll}Cl [Cz\,, I, IAI} Li.-;-(Dachg lz‘-'—‘) NN W A AR ¥ 7
AE=0.0 ' . Syt
A. E. Kuznetsov and A. |. Boldyrev Struct. Chem. 2002, 13, 141. R. W. A. Havenith, e Chamn. P h y2605,4 0,891t .

30



2.2 ZintlF& & 4918

BEREI: Joannisk T HYE[Pb,]4F[Sb,]3-BIiR% (1891)
BR: ZintifEANTR
HipER: Wade#N|(1971)

v

' AN N
AN /i \ SN
Zintl Ions _e UQ"L?% ‘\\I. /
a) [E«]*/Tq b} [Es[*/Dan ¢) [Esa}"/Dsn d) [Eo]™/Ca
o T
g g) [Pns] .
RS
f) [Pnsf- F i) [Pnel®- k) [Pn7]*- 1) [Pnuaf-
e’

(E = Si, Ge, Sn, Pb; Pn =P, As, Sb, Bi)

T. F. Fassler, eAngkewChem. 201h 6 03630d . 31



22 2ERFEM: ESF

NagBaPb, , NagBaSnsb NagEuSn; Lig [EUSNg,, , Lig,CaSng,, , LisCa;Snq;b LigEusSng

Sn.®

2

‘ Ae/Re

o b o. @

¢ & / (%
’ < <
< <
/ 5 /
9 c‘ (9 [ «
< v
¢ (%) < ¢
(% [~} -
¢ (S
(% e (¥ ®
C (% o& C
C
c ¢ c ‘
¢ © “" < © C

I. Todorovand S. C. SevovIl n ar dC h2004, 4 36490.
I. Todorovand S. C. SevovIl n ar dC h2005, 4 45361. 32



22 =eRFEEM: =ZFHRENLEY

BHI=PRIGHLAE: (CsHs),Fe
FTHL=FRIG L E4D: [(n5-Ps), Ti]>
& R=PRIAILEY: [SbAu;Sb,]*

HOMO-35HOMO/HOMO’

NICS(1),, = -23.13 ppm

SbS

Sba @)=

H. J. Zhai, Z. M. Sun, et al. J. Am. Chem. Soc. 2015, 137, 10954.

Au3

Sbb6

33



22 & RBREEM: Pn2—ERFENEE ML

- N
FHEEISb,>5Bi,2-HCorbettk I

A. Cisarand J. D. Corbett] nar ¢C h 77, 1 62482.
S. C. Critchlow and J. D. Corbett| naor ¢C h 84,2 3770.

\ /
[Ln(n*-Sb,);]* (Ln = La, Y, Ho, Er, Lu) [Th@Bi,]*
kA& MSb,IF 2T ARBEFERERR

Z. M. Sun, A. |. Boldyrev, et al. Angew. Chem. Int. Ed. 2016, 55, 5531. F. Weigend, S. Dehnen, e Na#&al . Q024 ,m.3149.

34



22 2EREEFMZNIEEE R

oS &M

Z. M. Sun, A. |. Boldyrev, et al. Angew. Chem. Int. Ed. 2016, 55, 15344.

[Pt@Pb,]*
(In)
B. Eichhorn, eAngkewChem. 2004 4 3212d .
muaro e N7 SAY
0 KX XX
e

Z. F. Chen, Z. M. Sun, et al. Inorg. Chem. Front. 2017, 4, 1393.
35



22 M FAAEMN

[Zng(HL),(L)g]> [Mng(HL),,]*
L = tetrazole dianion L = tetrazole dianion

P. Cui, H. S. Hu, et al. Nat. Commun. 2015, 6, 6331. B.Zhao,J.Li, eAngbkewChem. 2015 6 411a&3dl. .
36



23 ABMHEREXESY ENEIN: Thy 8B

(

MR- MR ERBAERD:

Eb*ﬁ U21 Th2

A HRERR(6-7 K): UyH,, UyH,
AERE#E: U(Th),@I,(7)-Cgo

& 48 :

[{Th(n3-CgHs)(U-Cl),}51%

]
THF, | WTHF

c” “ci

- K* = [K(THF),]

J. M. Poblet,

~

@ 5
o &y Bk
ge’d)/l;,;// »&\ »
aé‘} ﬁﬁg
CRWUSA

NICS(0): =15.23 ppm
NICS(1): =11.73 ppm

elNat€hbo mmu2021,1 22372.
N. Kaltsoyannis, S. T. Liddle,

e Na a [202¢, 5 9,92. 37



2.3 EEMHEBEF

B F(Superatom): EFFFEMNK/PMER, RAXNTARAMRA—FERFIIERE.

-

N\

~

BIEEE B E
(Superalkalis) (Superhalogens)
BLig, FLi,, OLij, PF, LiF,, BeF,

NLi,, etc. BF,, etc.

P.Jena, ef0. aPhys. 2004 & Im&38.A /

02.79,&
a»&’%p,
Al ;I 2.60A
(g ) 0000 v/l ?
> o

Al

A. W. Castleman, et al. Science 2004, 304, 84.

MPb,,*
[M =B, Al,
Ga, In, TI]
(BEERE)

W.Q.Tian,W.C.Lu, et8. alhem2006 h 3,454313.
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23 FEMERBET: HEEMSBHEMNEE

[CuSN.Sh,]> — {[CuSn.Sh,]?},
=i Cu-Sn-Sng#

F. Weigend, S. Dehnen, eAngbkewChem. 2016,6 511F4..

[CuGegMes]* — {{CuGegMes]*},
75 &M Cu,Ge i % Hl &

Z. M. Sun, A. |. Boldyrevy, e Ch al@.0 mmu2020,5 66583.
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23 FEHMESBIET: BE

{855

SV ESDLY)

Twelve 3c-2e
Ge-Ge-Ge o-bonds Zn-Ge-Ge o-bonds
ON = 1.88 |e]| ON = 1.91 |e]|

Twelve 3c-2e

@ =
.Y‘ LUMO o "

VYT ¢9¢e

v4x10c-2e (sp’) v 2_
PIFY G OGS

4 x7c-2e ON=1.99 |e| 4 x 2c-2e ON = 2.00 |e|

Z. M. Sun, A. |. Boldyrev, et al. Angew. Chem. Int. Ed. 2020, 59, 17286.
Z. X. Luo, L. J. Chen, et al. J. Phys. Chem. Lett. 2021, 12, 5115.

1t |
al

(A3) A813u3



23 EFEMSRBIET: ZTREW

/ {Sn@Cu,,@Sny} \

8.

F3NICS =-32.4 ppm

0 6.5A 05.5A F30A 0 4.5A

ppm

. +5.0

+2.5
. 0.0

25
I

A. |. Boldyrev, A. Mufiozj Castro,

etCham.

30 x 4c-2e s-bonds
ON =1.90|e|

4 x 13c-2e spherical aromatic bonds
ON =1.98-1.92|e|

£2020,.2 62263.
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31 2 REFEUSWEANR N FRIENLN

AuFERE IR A L

+ OTf
L-Au-OTMS TMS L-Au-OTMS
+ —_— .Od _——
_Au  Au,
L-Au-OTf L L -
*HH%M
- L 1+ OTf _ + OTF
A L
@) (gj CO Alu
AN — @\
1 (I)\ -CO, I_,Au—Au
i AU‘L i I
HOMO
e » A
Dipp~ AN -Dipp
L= \—/
Dipp = 2,6-i-PryCgH a; HOMO
\_ (Dipp 3CeHa) ) 57% Au, 43% NHC

T. G. Grey, J. P. Sadighi,

eAngbkewChem. 2012 6 112&4d..

43



3.1 =g REEUSHEANK N FRIENN

AurE SR EL R

BB B
0 4 .. )
CO (30 psi), O, (10 psi) _Dipp
RNH, = R, R L= EIN/TN
[AusLs]* (2.5 mol%), THF, 90°C 1 N Et
\_ J

(6 examples, up to 74% yield)

G. Bertrand,

7\ [Au;L3]" (2.0 mol%) ~
= .+ H,N S he
— Ro MeCN, reflux, ai

eAngkwChem. 201456 390%0d .

SRILRM

r =

(16 examples, up to 96% yield)

Y. Wang,

eEuall ndr (Ch2021,2 0 24230.
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3.1 2ERFEENWAYERIRIF

TR

Pd(Pt) i &I & Bk

NHMe 1 equiv. Pd(dba), I

[FI#AREIPtAPt/Pd ;PEJT:T«'F]

;f 3 w

22,
£ %

é‘, 2
. dﬁ‘“

47’?“‘25,

},

G. Maestri, eAngbkwChem.

SbFg

PAr, o: HOMO (d,2,2) ~ HOMO-1-0.41 eV (d

1 equiv. PAr; ArgP.,, 7\ |«
> Pd—=Pd
S I \@&)
then AgSbFg ! - A

2014, 6 319&d .

45



3.1 £ RFEUSMERNRNFHENLNH— PA(P) &SR EN R M
IGT=X hn &L 1,6-1HIRKER
| [Pds] (0.03 mol%) H [ oy o) PR
R/R HCOHINE (5 equiv) H\%\R' X\_\>_ [Pts] (0.60 mol%), N OAc
P(C7H7)3 (0.09 mol%), 80 °C R 3 R ACOH, 110 °C "R

(14 examples, yield: 87-100%)

G. Maestri, M. Malacria, et AadS. Sustain.

Suzuki-Miyauraz Bz

[Pd5]' (0.25 mol%)

Ar—| + » Ar—Ph

Ph—B(OH),
K,COs, 80 °C

(16 examples, yield: 90-97%)

G. Maestri, Y. Wang, eDaht on 2021,58 § K1834.

2017h5e8205. En g .

(11 examples, yield: 36-70%)

C.Cecchinii, efByat h2019,5s11216.

Kumada-type{&Ex

[Pd3]" (1.00 mol%)

Ar—| + » Ar—R

R-=MgX
rt.

(24 examples, yield: 36-100%)

F. Schoenebeck, et al. Angew. Chem. Int. Ed. 2019, 58, 211.
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3N 2 REBEUSHEBNINKNFRIELN -

D F &L

Me
|
S\ .PM
Me3P1, / \ RS €3
F/’\@Pd HCO,H
PM63
(1,0.0)
—|+
H
o%\o
| Me
S
TS (IV-V) Pdo— Py
> MeP' | | PMeg
+45.1 Sep 8
Me*°Pd">*Me

X " *
R
A O oo pr]
e |
1 H MesP.,, .S wPMej /// MesP, S
MesP,, ,S\ WPHMe; TS (II-lil) F;Ol:;:f’\d 9 d\--:!:)d /
‘Pd=Pd’ —_— Sl —_— /,
R Me” "~ P4~ ‘P =S
e : Me Mes?  OCOH H o pMes
PMe3
(I, +4.0) (I, +20.2) (IV, +36.2)
—|+
A
7\ Me
/S | MesP.,, /\ ~PHMe
TS (V-VI) Pd--3Pd, o . gt
— > MesP' | | PMe; — = > I \&) \
+21.4 - Vs M Pd™"“Me
|5Me3
Ph
(VI, -3.4) (VII, +2.3) (1, -33.2)

(AG values in kcal/mol @ 298.15 K, M06/Def2-SVP, CPCM=toluene)

G. Maestri, el . aPhys. 2021H E 2130035.
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3N 2eRFHENEYAEANRNTEVELNE : ELIE

EFAN- TN ELSRAECTINEESRT AR

FIF RN AR [Pd,]E/XFHTE

Ar-E, H*

reaction coordinate

G. Maestri, el . aPhys. 2021H E 2130035.
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32 2 RFEEWAYERAF LN

=R S TMBe,
Al,TiAl,2 i

Be Be
TM =Fe, Ru, Os, Zn, Cd, Hg
A. K. Guha, eBtabct .202C,13 @2313.

[Al,TM,AL]% (g=-2, 0, 2; TM=Sc, Ti, V, Y, Zr, Nb, La, Hf, Ta)

(a) 2H (b) 4H (c) 8H (d) 12H

J. M. Merceroand J. M. Ugalded . A m. Ch2004,1 233380. H. Zhu, et al. ChemistrySelect 2017, 2, 6206.

49



+ =
}L . l%\él:l'__,’ r\(E?
- R S a
O egEEE ‘.\5’.*'7 S
' ocC, | _ A=Al
ERAEEM e - “ .
2. : S‘ll)D AI—AI_| STIEEM
AI—AI_| v PPhs A=Al
N=n  EERFEEM K oEsEM, kEEM, etc. /
4 - )
LERFEHUEVHREA EERFEMHNLRIIR
o BYlkMELT o ERIMEWERE
o FhEACIK o LEPDFFHERMR
. ... o FTEMEMWTIENEB N

\_ J
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