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Aromaticity: History and Development
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Abstract Aromaticity is one of the most fundamental concept in organic chemistry. Aromatic compounds generally present
special thermodynamic stability. Research on aromaticity can help us to understand the stability essence of aromatic
compounds, and thus enables the further prediction and construction of species with stabilization or destablization. The endless
richness of aromaticity researches usually originates the nature and criterion of aromaticity. The main emphasis of this review
is on a discussion of historical discoveries, definitions and classification of aromaticity-related structural types, as well as
various theoretically and experimentally criterions. Furthermore, this review contains the recent development of aromaticity

illustrated by recent representative examples.
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Table 1 A brief history of aromaticity
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Table 2 Features of traditional aromatics
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CH LA[4n) %6 I8 N 5T %) % (Scheme 7), WA 5E T
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SRR R ERE. WA, A a1
RImEEK, bR T T IR R IT A, Hofh sy 1R R
EARST BVER. TR K, KLy H] LUE L 25
Fe) FRHEL R AIR I T %, Tl D S5 5 B 1 R ) 2%
BRI,

ISE=-314
—_—

ISE=-2.9
B

ISE=-8.2
B s

ISE=-5.6
e

ISE =-4.0

Lo woe
SN rlol:

B 7 ARk A [4n] 505 1) ASE
Scheme 7 Studying the ASE of [4n]annulenes by indene-iso-
indene method

e i AR B I D7 B YEAR . B T Bk
PR VR4, A 24 H BRI s i
RN SRTME AR AL, a7 F Rt e
thRE, RARMESSI TS, RS “ASE” 1T,
SRR B S N5k ST, MebE. SZPHZEN R, AE
HEAT KAR R TE SR ) 2 p= AR 58 2 ) ) . (R ok, #) 3R
ASE MR}, iF AN S RN, TREFHZ
A~ ASE THEARRSHAT X RR, A HE S T S B O h S
FE. M H, & H AL EET A, 2T 2 M A E BAH
EIAIE, WT DA w5 4 B () A it 12k
223 HiEiLFiaAs

A IR (RT3 B 25 v 1) FRL R PR AL SR I AR A A, 8
IR LR “ 05 7 AR . (B,
HH T2 07 T S — AR5 B ik R (R B 2 P n A 1
R, TESEPREAE BECHINAME. FEH, AR M 4
EGHIRSF RN R RTR XS HUT AR AR
1 A TeiEA — AR R T R AR e, S A T A
Wi, WHE TH NMR L0 R A A & — R i i
Ik, 1B REET SIS H FIRAA R, T H il T 5
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M BN ERR 2, SEARNS &SI FRRML
SN ZIEAK, R AEE — 2 (0 R BR .

Schleyer Z:P7E 1996 44 H T —Fh 4B (O H L )
i “HZMSIA2E# 7 (Nucleus independent chemical
shifts, f&FK NICS). Schleyer 55 2 1SR FH & 7L 2= 1 U7 2
THEH — N T I B, 1257 B B A A 2 1)
EL, ARETFS256 453 "TH NMR. °C NMR 251k
M, BRI T A%, 12 RAE—NM B B il ROR,
W o AL AR, BRI
THTF= A BRI RAE, J& T A 4E.

NICS 385 A2 AT X — A R I LA Oy B G 2
W&, QR O)IT IR, ORIk 2o, Il
@ E R BRI RO E, HHEZMEN
NICS(O)E, WinsifE, WYCZAFEA S EE, HiEE
WASHEBCR, &, R RS E. R
NICS {H#:IE T 0, WIWVCHIZIE A TETT &R, NICS(0)H 1
“O” ARFEEEBEFR LA L 0 B R B (R SLAAT 0
A E).

Schleyer 2525 NICS(0)F1 ASE K /N K R BEAT
b, RILHBABIFHEEXRR. WE 6 Fix, R
W PS> T NICS(0)EIL T2, 1A G 0 £ 25 7 )
HA A NICS(0)(FLME A —14.3). & NICS(0)fE HI kT,
ML, WEWY . PRI SEER 2 057 B AL AW, il 3Rk =
W BRI IR I REARIR IR % IE B AR R RO
AW, X552 A2 T7 A

SiH
.
151
BH
L]
AlH
0—
o .
S Sll-i CH,
z PH
-154 < §'O {/ \5
2~ NH X
CH
-30 — . .
-20 -10 0 10 20
ASE

B6 —RIFICHLEYI(CHX)H NICS(0)FI ASE Fxd i
Figure 6 NICS(0) and ASE values of a series of five- mem-
bered ring heterocycles C4H X

(Reprinted with permission from Ref. [22]. Copyright © 1996 American
Chemical Society.)

Schleyer 2227 b5 3 Aok 3 AN 4 % B e (B B,
¥ NICS (A HIHE N T B ED), & 1A LT
S A AN A BUR S (A Z AR A 2 U E AR IS
FE, AR5 ). Schleyer 2522 M 7E S A 42 5],
5 A FHEE, NICS HIHRFAE T HOT R RN R/

Schleyer 255 4E%t NICS FUHEAT 14740 78 3F
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T H AR R 0E AR, DO E R R % N
BT A T AR B TR . AT
WA, BT o B E B EIRR LR P i R
H S WP, HESTHERE o PO AR AL E K
ATERE BT LR 1A RALE. R, ATANTEIR
FOSET R 1A A2 B NICS AR 5 B S e 75 25
K, R NICS(1). HH, HT NICS fEA—ANikiE
HEA S w5, Hzz 75 W EEE TP 7 ) E
BABIFRARENE, B NICS(1),,. FER ZHEDIHA
MU FRI75 B R T n R R TTMR, K n H0E
Sy R HUH R AT LLBAS NICS(1)y,,, F 5 0 HEAf b s
R RS EMEMSRSS. BT o PUEAT I R
EFI0%, H NICS(1),, Y5 ASE BUNXTRIKR,
DAL A AT T HE 2 4 - NICS(1),, J048 4 R — ] 4 1) T
[ .[65]

H ATEH NICS EAE AT & MR ER R AR T2 A
ATz —. ERACEA NICS A — & RES e
b S i BT R R DT B MR RE RS, B R A A 2N H
WTSR A H E.

224 BEBRERRIREE

AR “REACE S (e, &t R (e
X 95 A S R FEE (AR AR T e AT T 38 P A 7 vk A
R L BORE B K , tBIE AT EE VA T X A e i
ORIV ES S5 R . R B P AL B (ICD) 5 R Ak S b,
FH T /B8R FEL AN - T & 4 B I L 1) AR A
[, [F¥EEF %A 57 (Anisotropy). Rk, 2 7] #E I8N
HL it % J% (Anisotropy of the induced current density,
AICD) A I T B AL iR —ANMA R 1B IR RE, HF T itk
AL S, J7 1 EEE. Wallenborn 2309 Yo i &
HHETT T & SIS ATAE I S5 B . AICD FIMRsER B
Z A BRIAR VELRTO8 AR ST B A (T A 21,

il 7 froR, AICD (SR EE . K25 524k R 1P
B T 4K, i —A2E B4R R AN, RRE%
FS AR, A E P RERTEES T, Mizk
REA S EVER, B PR R, AR AT N,
P2 A R R B T BRI, A PR AR o T A A X R R O
Rz, WA R AT IS AR, 4 A A PR LA
WA R RS A, TP A 2R 0 5 T [ A £ L,
BB 18 T A7 B o),

LTS ARGy TR NS ) AICD (B 8)
SR ER BT Sk R BN £ ), X PR R BT
FEFR R (. MR _E T O HERRT, EAT PURLER B IR N S
BT, SR

WA AICD 454 4> THUB I Btk — B IR 7 3
F5AE, AT DL G55 A MR IR, W LUK ZRIR ©
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B
7
é ~

B 7 AT 7 () B R TR 1 B IR L A R
VRN R UL E ()

Figure 7 “Left-hand rule” (up); a local current density of hy-
drogen atom and a delocalized one of benzene (down)

(Reprinted with permission from Ref. [68]. Copyright © 2005 American
Chemical Society.)

B8 ZKIRMf AICD ElR: MBIk,
Figure 8 AICD isosurfaces of benzene: total, 6, and © contribu-
tions.

(Reprinted with permission from Ref. [68]. Copyright © 2005 American
Chemical Society.)

o TR & T DUEk

BB o FUE ST, o aE R AICD BUE, TRk
B o BUE RIS BN AR M SN T 1A, A4ELTEEE; 1M
n BB EN AR A DO £ 7 I HES. 1% 3R I 2R ER 1
P, FEEM o PuETIERN. Uk, AICD fERN—
Fh Aoy 7 BT R, BT USRI EE 25 0% T 07 & 1)
BEE, FmAEN T Ik A Joidmi e & a6
R NICS 18, 547
225 HAeEitHE

BT _EaRE R LR RS FIE LLAN, RS LR RIE
B3 TR Z W DAEIE DS B R 5 i AR AR A R
75 A I G M 2 ORI A B AR
R 38 A R R E e
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22.5.1 FAMIEREAR
75 B PEEIRAE T (HOMA )72 — P2k T 254 1) 05 A 1k
R, AP EEAT AN

1]

HOMAZI—Z%(RM—R ) (1)

Rk P ERSE SN N IR ETH, | Bk
EME i ANET, jRERTT AET, R BoREK. o f
Ryer NANEE IR S5 3L, Reer NERAR TS 5 1A R )
ST, AR LY Reee M1 R AHEE, HE4 HOMA N
1, Rt K T B AR R R K. R
GAE, ERMETEHEEEY kR, K
HOMA BN 1. 54b, XM &1 HOMA fHA
0.764, P =4 1E 574 0.966 2571,

2252 wFEBAKEK

FLF 5 384 B U (ELF) 2 Becke Z5727E 1990 4R 41 1
(10— ooy 2 Fl s S (1 S ) e B, L B SR
gE TR R B RN, ARt X R T
(1 J L B A, 7 AN fRT B LA 55 i Ab S AU Y
%[74].

£ MO HitH, S TFHHE TR AR, Hl
TR, T BORE R kA, SR )1
Bk, WIE = YIRS o6 BT s R IS I,
FEASI, DTH ) ZEE VO BB AN [H. ELF 22 TR
HUR R 7k UL AR, M ELF 25 E A
(isovalue)ili K, A5 T A 25 T LR/ (B 9)74, i
FAEBIIE R, AR IR T2 8] f 38 3 2 ) gkt 2 4 WK
AR BN AR XS SRS ) 2 Xk AT W W i
FUABAR N ELF {8, 2K ELF SN 0.91, 258 0.78(&
9). XFFRMEMA R, ELFAE#K, KA -F{E0f ELF (51X
Sk P B SRR R T

® o .
0 ¢ ¢3-

B9 IR(E)RIZE(T)AHAI (0.3, 0.7 A1 ELF £7)
Figure 9 Isovalues of benzene (top) and naphthalene (bottom)
(0.3, 0.7 and ELF points)

(Ref. [74]. Copyright © 2004, Rights managed by AIP Publishing LLC.)
B 1 BRI SRR DLAN, SRR IR A V2 HLAdL
B, w0iE B H AR % B I 43 (AINDP, Adaptive natural
density partitioning)”®!, 751k BE il (ARCS, Aromatic
ring chemical shieldings)’”, Bird 75 & L1557 4R
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& € b e (HOSE, Harmonic oscillator stabilization ener-
ey, #i Jt % B¢ (MRE, Magnetic resonance ener-
gies)* >, Z RV TR IAUE . 7
W, BT S A SRR, — BRI
— A RIS R NR R 7 B, RS 2R
KRB

3 FREUSYRSE

55 B DRRYE A F (1 73 bR, WL 2005 &
Py 577 30 BN R TR, LA Ak R
M EM. RETS 505 SRS 5007 &S,
R 4> F-45H49, 7T LAy A TH 95 75 P . Mobius 7y 41
R EME. RO EHE, GRS THET A
(T ER 74, AT Loy N4 Hiickel-m 75 & 1
Mobius-t 75 & ME . o AL, AU =F 27 R,
G5B RN BRI N2, K 55 A AL A SRR et B AR D
T R EWEDIRATEBINA, FHERI o 5 F
S A T e LR A 2R A S N A
3.1 Hickel-m &

Hiickel 75 &4 /& i Hiickel ¢ 742 H AT 4K 55 (4n +
)R FN W 5 B . BRTIR, 3T EAYE
N EA T AR (dn+2) N IEHE i TR, 5
KA RKIE, Br(@n+2)MNBHT T —SWE, TH
XU R AT,

3.1.1 b kA

2 ML A TRAR R BRI TS TR R, BA I
. BT o BTPEeS S B LS Ay
fIE. M Faraday 4> B3 2L AP 6N, X TR Rt
SR T T
3.1.1.1 RAERMRE A4

KRR RYIOX BB F 29 & T &
AR5 75 A B . 454 S AR B I K T AL ok
T B350 W (P 10)B4 381 B it X2 AT iR W L P
P, JEHHBEKAE T — e 5. O, 12 AR
Pk, £ ASE HIHI - HRE TR, KIFH) ASE=
33.2 keal/mol, 254 52 keal/mol & 45 (ZFHIH T R),
BN BA RN F RS LR

UhAh, Schleyer Z8P2IH 5T #4323 [/ &1
NICS(0), Ko AER I A 1), 75 F RN
AW, BRNICS LAAh, kA4 1) AICD EE AT LA
AR UF M s B R FR X — R, XA E
3.1.1.2  #¥4

A%, XHRN[nE M ([n]annulene, B 12), ¥
Sondheimer fir 441, & 3 B0V RS B 1 A AR A T

Chin. J. Org. Chem. 2018, 38, 11~28
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1.39 1344 42
1.35
Benzene
1.45 1.37

1.38

1_40 Phenanthrene
142135
Naphthalene 1'341.44
v Q)
1l42 O
1.40 143 Pyrene
Anthracene

B 10 LR R (AL A)
Figure 10 Bond lengths of benzene and its homologues (Unit:

=)

II II Phenanthrene
Naphthalene @

&

Triphenylenee
Anthracene

B AR R0 NICS(0)(HA7: ppm)

Figure 11 NICS(0) values of benzene and its homologues
(Unit: ppm)
(EFr EBR T BR[040 (121484 T Be A S ALK,
FLAh BE R 3 R AR AT REAFAE 2 M R i Ak, X A4
). EAERERRE, KT 8 JuH G KR 2 M) 4 )i
(All-cis) &5, — M2 52 BIRREE 1 5K 0 2 & A&
SR

DK 2 56 4 B XU AT B 1) A 22 08 4 AR A LT,
R Hiickel R 57 2 8 S 07 B AR 22 1O LT HUB 0
(4n+2 B 4n). AMMHAMSE, A EENE
PR R M5 BL. Schleyer X T 4n LT HUAC I 1) ASE 155 (0L
Fo, KWL HREBLR, Bk ASE FIE b CEH T RGARC
Haley 5P 2006 4 ¥ 20358 5 i — ks A G ik A 45 4
WK R MM S 7T, (A4, Herges®' 3¢ T 1% it 40 #h
Maobius i 4544 73 T ZRiA T A 3R K

T AR R B T B P R A I, RI[4]%8
A6 e M. [414C)M N 4 PRI, 22
RIFEAEY), HRMAEAEN B A TaE; R AE
NIiEWEDIEHE ST

[81F )5 R IR 2 DU s, FLAE 1911 4Emh gl o 19 37 2
MR PIRAR, $% R [4n 421000, 2 EA 8 BT
RIF AR, R, 1% 1 T I S A e R
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Cyclobutadiene  Benzene Cyclooctatetraene (COT)
[4]Annulene [6]Annulene

[8]JAnnulene

[16]Annulenes

L

[18]Annulene

[10]JAnnulenes

[12]JAnnulenes

[14]Annulene

B2 Er IR
Figure 12 Part of structures of annulenes
FIEMESIR LR EWAE . IR R IR AR 7
ToEBORGE Y, I M R BN gE SE IR — AP 1
B I 55 B 5 R L RS R e 280,

[LOTHE I A7 22 Tl DR D U Gt 5 1 3 B8R S A, T
1969 4F-4% Masamune 25 ¥ Ik & A, I HLZER—F8 S0
HRAE IR SRR R DG IR, RIS NI R
PR 7N TCFR LASRTSHEL LT 1 8 £ (Scheme 7).

hv
—_—

¢

G

BR 7 [10158H K IR Hf

Scheme 7 [10]Annulenes and their isomerization

L NIRBIEVF 2, R BRAR e /R J7 YRR, [10]
AR I ZE ), 2 10 HFRS &R, HESLbR
HUZHL B 7> 7850 AT Ry, 4% 4
(All-cis) ) RUIAFAERE, BN 144°, KRR T
TERE 12 B (88 R Eh kg, A A H T B
AL BH 23 T AT AL . X R BI[10148 ) 1) 05 K4k
BRI, A2 L IR Ak AR TR ). M8
FHERRE, B THE R 2 H b 3 7 XU A B il =
£ ML ATIOE =0/ G A ) ) A= DB =¥ S I X 2
1941

[L2058 05 18 VR4 BEAE 1970 4E 1 Oth % HiE. i
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TG B A A i 45, AR TR 12
(L2756 45 A5 ) & 42 P9 3 AR LR e ) = AN 7, HEA
NN Z, WE DR A R E A R 5L
FR SO 01 —HE, (120880t 22 R AL 3R
S, e\ FH SO, X A FH4HR. Castro F
Karney 258+ 5 TAE#E— B3R W], Oth 4 I F
¥yt #2(Scheme 8)SEFx B 1 T — /MR #5424 Mobius
THE'JL{FF* Mabius 5 P Fh G5 F 2 H0 S b [ —Ff TLAAT R

Al DL IR N — sk 4055 10 W o OB ) AH 2, A OR

Mobius HT S LB FE Herges P HLHAR, X
T+ Mobius 75 FF 1R LAZ W, T 3.
H H
H bl
ey, A=
H H H

B8 [121% M)A
Scheme 8 Isomerization of [12]annulene

[14]%64% HH Sondheimer F1 Gaoni 7E 1960 455 —IX
i G . A SRR R A R P, (E R
VF2 AR A SR AT LR W N 97 7 701, BARWTFUA]
LA B IX — R A SCERU. AR M 3 5T 3 A
JEF HIAR ELHE AR (B 13). BT R ILE[ 14150 ) 10 |
AR S A o B EL TR RS R B R PR R A DY A B AR
MY, JF Bl A — b = A S OB ) # Y oT iRk
(8%). W7t MBI iAW I 7 HATE W) A1
o, 753)”6%*%El"fiiﬁﬂ%@ﬂ’ﬁ’]’”ﬁ'jiﬁﬁ%()‘:ﬁ’i
IR 5 LR X EE TN 4

SEE-6)

[14]Annulene configurations with major contribution

B 13 [14]%eH St E 2

Figure 13 [14]Annulene and its main configurations

[L6]FEHEAE 1961 S (115 IR & A, 73IHIa)T
Sondheimer fil Gaonil'"!. b5 8 £ #0H4T Tit5. X
AT 7 TR 7. Oth S F R, 1% 16n
P 445 ) ) 2 S R o v R L i A v IR S 0T A
PE(E 14). JFH, HaBd R OR I, 2R R R,
oy TR TP A, T HAZ S ) RO A I .
B AEE R, Schleyer Z°NY) ASE 1545 R E W,
(1615 ) AR 8 HEAR /N (Scheme 7).
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[16]Annulene configurations with major contribution

B 14 [16)50M R T B

Figure 14 [16]Annulene and its main configurations

AR, AR TSR — e SCER TN 1 LA (1615
Wi AT BEAFAE R, 45— 28 AT Mobius $3hah fylo],
IEAb, 2003 4F Nature _F 4R 1E [ Mobius 75 75 P [16 156 4 11
£ BOEE TR Mobius 75 7 /N1 g & 4,

(18148 fe 1HE P T 1 05 B Mg M (B 15), HAE 1962
4 Sondheimer J A # ' RIE 4 . Longuet-
Higgins Al Salem T BEHE 113G K, (4n+2) 0k R ECH 1
TSR AR E PR TR, TR SRS B A1
5 A U OO0 S IR B I 45 4 S 05 A MR R B B
FE M [10158 95 F [30156 I 5 Hiag 10719 SR, 18]
BIHAE T FiR (4n+2) KB IEG RF 2L, IR IR
AT A BB H BT B LA s, AmEfS o 5361
THI PR 45 A AE N Ho At 454 B AR e, 3X 5 Mislow X 10 Bk
DAL B RIRECAR I /NP TR M (3015840 7 BOS
FRE OIS A A M R AR RS R W, (18150 4
SRS IR, ) H R 7 2 A HE VD, R
ARSI BT RO, H A B I S FLAT A AR 5%
WHFE R LA S LR 4™,

[18]annulene

G G

configurations with major contribution

B 15 [18)5e ) M 3= Y

Figure 15 [18]Annulene and its main configurations

3.1.1.3 &R THIAMIE R 5T

BTSSR, SPEIRE AT LOE 3R o TR
JETS AR, DASRAF AP AR e 1. & AR R T
HIPR 2 AT DL I R B 7 i A R e TS L T
WRIE TN sp® 244k, AT SeBl 530 _ERR T RIHIE RS
. WM TSRS T I =R IR (] 16), &0t
G FRALAIE W LA S22 P 1 K — ARy 280 g
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FNLE) R PEAL SRR AR DT B AR R, XA R B i
AR AT RN 6 FLT (75 B 45,

Non-aromatic Aromatic

O o

Cyclopentadiene ECycIopentadienylanion

O O

Cycloheptatriene Tropolium ion

B 16 R IR ANIRPE = S s 55 A T
Figure 16 Cyclopentadiene and cycloheptatriene and their cor-
responding aromatic ions

3.1.1.4 FF3EH

B 7 2REI R R Y, 36 0T DL & Fh A AN A ik 12
IR IR G5 1. I8N, IXELEE N T (015 B ik
Ao B AR, A2 P &SI B P 2 LORTS 05 A 1.
B 1 _E 3R PR I s RS T R B = IR B T AR
JEIRGE ) B (azulene, tHIYHZGER)(E 17)M41PL R R
HATECA 0, it B & Tk, (15 o O
FELART BRI I M 47 B8 45 ), 1T -E a3 i T B AT )
W =Im IEES 7450, SEMANIRANTT FEH,
AP AETT B R I g AR E . SRR
FLIRAFR TR T X — A BT AL
Ah, A HARR U A R, A B — 5128

0 O=Cp—00

Two non-aromatic structures Aromatic structure

Bl 17 B 5 Ly Y ERIR 55 A4 A SE AR E AL
Figure 17 Azulene stabilized itself by intramolecular aromati-
zation

3.1.2 S#HBRTFEKRR

2% JR T 75 K 2 (Heteroaromatics) R BIF 78 465 -1k
MR PEER . MR SERRE . SIS AT, BN E
PEIRE T4 ZUR PR o MO — g (R
18 b). ixX HURH Sk R M. o hn, Ry O
Z, B TR 7 AT AR AL —5F 106 L F(lone  pair) 2
H5Es, (618 o FECh 6 1, 352 Hickel B it
AR AL, SR, BRI ITTHY R AN TOIR
REAIRE sp” 24k, (BHAH o776 TP sp” 1
8 F, AR E TP p PUE B, AR 6
THEH. ST 43R Hiickel 25 FIERT TR 2, HATH
MR e RESBEMRET(REER). &2 NRET
HERERE TR,
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N

H
O N N
) O
Furan Pyrrole Pyridine

e e i

B 18 e R AR AR U o BLIE R
(™)

Figure 18 Some simple sturcuture of heteroaromatics (top) and
n-orbitals (bottom)

313 RFAEMAKR

[ 95 7 7 (Homoaromaticity) /& Winstein!""”I#E 1959
FRRHMMS. 5— K5 EHERAR, BN EEER
HAER HAERNMAR AR, R4S sp” KR F
FINT —ANEREAMEAGRE T R R e B
AR R FIEE e T XS SR, f
PRI B B AN S M RT Al SR~ ) 2, S AR AN ok S5 2 [
AR TH RSP, BN “FBEE” . 5
7E 1956 4, Doering Uk LR H T “MRITH M
(pseudo-aromaticity) — 7] FH T 4 ik 3 P = I 7 A=
(Buchner Acid)[[H] 75 7 . Doering 25 H T 19 Fisiy
S SR, 2R BB AT AR T R IR A A 1)
6 LTI EIARR, MNIMPEICH SRR, T 208 A5k
JEF ISR 6 4 sp” s A S, BDE T 3
[ 5 & PEIAAAE. BEAh, 76 ASE. S MRS AH BRI 72
BFIUEH I A, WIS E 2001 4F Williams!' 5k
SHNEZS0Y

H COOH H COOH H COOH

O~0=0
B 19 ARG EMERNIR) R T F RS RRE
]

Figure 19 Homoaromaticity of a derivative of cyclopentatriene
(buchner acid) and its isomerization

UEHA, Al s RS PR G 5K ST [ B 21 B ) 2 2
% )7 (2,6-Diazasemibullvalene, NSBV), & [7] 7% & VLT
T 1) FE K TR
3.4 FEMHFRBO T HAE—RFT HMRAR

FALT Coo F— RYIMIE #1Jfi(Fullerenes) & LA
S, FSr EEAARR AR E MR AR e S i sp® B
SR 258, X PRk AR E VPR DS . Bk MO
JHER R R E I Coo'® BT, R LA I BRS A 1:
SERIBY, Chen 25U 2005 FEHES T Bk 75 & MEM < LRiA
Xt & #hid . Wb £ R (Polyhedral boranes)4t #4251t 4T
T g

o EH.
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3.2 Mbbius-m HEM

Mébius 75 F 42 Craig 75 1958 4F g Je$ th (4B I
AL Mobius —1i]), KRR “H—AILHIF R B
A dBUESE, 2 d PUE RS A A ALETEE (B 20),
1555 T FUIE B4 A [RI AR AL 16 05 7 1 55 A8 S — AN
AR X PRI R d PUE A AR Y Mobius
75, IAEREFRN Craig B2 (Craig Type). XM
W T RR — M PE A A EA T AL SFIR Mobius 75
F LA A,

668 5550

Normal Type Craig Type

B 20 d#HuEZ 5B Craig B

Figure 20 Craig type conjugation with a d-orbital included
1964 4£, Heilbronner' " /fE— 5 ¢ T 4545 (1) S & rh 4R
H, H—APIEA Mobius AN (K 21), §H 4n
TR G BA T &N, B Mobius 75 &1E. X
T 5 A VERRUUAT Hickel FI[4n+21R00AH S, #0AN
fe HAT Mobius $HANEEHE ) Mobius 757 & RS HIFE .

Fsg b, XERFE HATHTAIR “Mobius” — ] 1 J5 5.

Bl 21 Mobius 7 Al Mobius #i MM H) 57 B VE 7> THUE R &
Elgure 21 Mobius strip and the MO sketch of aromaticity with
Mgébius-topology

I, Jiao Al Schleyer!**' 2 20 {40 90 £EAX 4
FIL AR Mobius 77 & M. KT Mobius 77 & ML,
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Figure 22 Strategy to stabilize the Mobius structure of annu-
lenes
(Ref. [126]. Copyright © 2003, Right Managed by Nature Publishing
Group)
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Figure 23  The structure of [Fe(CH)¢H,] and its =-MOs
(Ref. [55]. Copyright © 2010 WILEY-VCH Verlag GmbH & Co. KGaA,

Weinheim)
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Figure 24 Simplified structure of metallapentalyne
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Figure 25 The n-MOs of metallapentalyne(The values below correspond to NICS(0),, of A and B rings)
(Ref. [26]. Copyright © 2013, Rights Managed by Nature Publishing Group)
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Figure 27 Some y-aromatic compounds
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Figure 28 Planar spiro-aromaticity
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