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Development of the Concepts of Stability
and Resonance Energy for Aromatic Compounds

Jun-ichi Aihara™*

Since Kekulé’s discovery of the benzene structure, chemists have been seeking a generally

acceptable definition of aromatic stabilization. Their efforts resulted in a variety of ideas

and indexes concerning aromatic chemistry. Most of them, however, failed even to attribute

aromaticity to cyclic z-electron conjugation. Some indexes have shared the name “resonance

energy”. Dewar defined in 1965 what is called Dewar-type resonance energy. It was epoch-

making, in that an aromatic compound was characterized reasonably by its positive value.

The absence of double-bond reactivity in an aromatic compound was then associated with

an extra thermodynamic stability inherent in such a cyclic z-electron system. We devised
a graph theory of aromaticity in 1975, and succeeded in explaining many physicochemical
aspects of an aromatic compound within a single theoretical framework. This theory enabled

us to evaluate Dewar-type resonance energy with no fitting of parameters.
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Table 1. Dewar-type resonance energies. TR T L FE - DHEICLD,
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HFEENCHORENAELTIERS LT, BROLD
CHHLTEOTHAS, Lihs T, Dewar it
WIrnF—DFEFICLE-T, BOCEILTHAEE
BALOHIOESR &£ OWEVEOHIRICHNT, — B0
BHUDNIEFEZ TR B SEL B LB 2T
HBH, DewarRIFIB T oov 4 — & HaBME1C ;2 g
IR AF—DEIBE AT I, BtEkEEho C—C &
BRD DT EEEUANE T A0 EIDTH 10T
5,

Dewar 5 DERIZ L fhin7, AKX LI =
ANF =BG O TR BB TR BRI E LE S,
CODEHILEMTIE, D iEsed s, g
AN F =T B oS E DT, DA DEDER
EHBERL TS, NOREROT I T, BEIEHETZ
AIREME SR & O BRI B BAL OO I < <,
BETHEOE, cOLHIRMEICLEEEZ 0N 3,
—RI, HEREATD, ARG E LT BRI S
By i, BMEELTTORBROMIEL LS &
TAREMBHZEDE, THEBHEL TS,

BEIZO A, SEREAUNEREIEA T B4,
BUSHB R TILOIBR B H x I b L, Nv+

MEOHMBR LS THEHT

Table 2. Resonance energies per r electron (REPE’s).
a) b} c)
REPEY, REPEys REPEGy 19
compound status
kcal/mol B 8

benzene 1 3.34 0.065 0.045 Prototype of aromaticity.

naphthalene 2 3.05 0.055 0.039 Well-known arormatic.

calicene 30 0.58 0.043 0.054 Simple derivatives isolated,
undergo electrophilic substitution.

azulene 26 0.39 0.023 0.015 Generally considered aromatic.,

fulvene 29 0.18 —0.002 0.003 Isolated, but reactive.

heptalene 27 0.18 —0.004 —0.012 Isolated, but reactive.

pentalene 25 0.02 —0.018 —0.027 Methyl derivative observed
spectroscopically at 77 K,
vanishes when warmed to 170 K.

benzocyclobutadiene 23 1.25 ~0.027 —0.049 Observed spectroscopically at 8 K,
dimerizes when warmed to 75 K.

fulvalene 31 0.25 —0.033 —0.030 Prepared in very dilute solution,
extremely reactive.

cyclobutadiene 12 —4.45 —0.268 -0.307 Observed spectroscopically at 8 X,

vanishes at 35 K.

a) REPE calculated from REp given in Table 1.
b} REPE calculated from REyg given in Table 1.
¢) REPE calculated from REGT given in Table 1.
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vo= bt afh(RADTE, RShEERS T, 2783
BIRRHR TIN50, BT A v F - DETHRN
b b, bbbl Aic, Tobaontiio i
LE-HREFVEE, —BICEBPRKRTEECHD
T, FIRETLIC 0, COBADL S, XY EYDL
5 15 AT W E AL AT, HIRG, EfRRISEH
b, RIBHICE LML E0Z 3",

Ny ¥V TRE B BRRALKE O Dewar BIHIE T £ v
— KB LT, BkHLIBERBHE ONTIN S, VY
VT 280 OEEEE (Kekulé ) B3F T 503, ~
v vEN2ERES LT TE{bayTid, —HBiK
3BOPIEOBEBENEG L, WE, HENVEVR
HoEBRKECHLT, KB ORAEEENET S
L+l OB FIALF -, ZOEETRDED

wEhaha",
REp=6293 log K (16)
f2EFE, ooy 21T, 2080 ORESEED

3, CORAEHOTHRBL I VF —EHET A&, 819
kcal/mol &85, Ziid, Dewar & de LlanoDETE
{1 8L.3kcal/mol% & { BB LT %, LTI, IR
B (EERES) B2 B ANTRERETH L LB
BHH B, NV VREEBREIKBRCHET EHE
O, ZHRRELNEDTH B,

7. Hilckel 2 FEEEIC & 2 Dewar B
IFZLE—DEER

Dewar 50 B 72 BRI 4 THIEER, FTEICK
RISHE A LE -4 2%, Hickel S TFEEESAIAT
shiT, <4 3V THEMREDREBHFOHEIHEK
114, LmL, DewarHhs# LLOWFIBT A+ — &R
£t A, ERELIAVF-DERNESL, £0IC
K58 LT, Hickel SFEUEHBERMBS FOLREROT
BRI THEHDL S IBEENEE - T, TO&
313 AR T, Hickel s> FHlEEEH TS, Dewar
BIHE T X LF - PWEERCERTEHEERLED
12, Hess & Schaad T3 5 (1971 48) 101519,

Dewar 5O 4 F#EHE R 7 EFAENCESHNTNS
B, o BFOHELERMICIIKEN TG, h
et LT, Hickel 4 F8IHE: 13, BROOBRIEZE
KO ET Z0OT, 0 BT ORBFEHL, ETOR
- REHADEIE—ELLT, HEEZT Y0

Uinl, COXSIBHEMAETD &, BHRIERRILK
EOBEHLEONEEEE O, BEBED T He%E
C=CHALC-CHELSTAMNT LY TRARSTS
%, #2C, Hess & Schaad i, BEEERO T #A
% ENMBEDTOLMNBICL-T, RIDXHICSEH

# fl

E

Table 3. =-Bond energies of carbon-carbon
double and single bonds in acyclic

polyenes.'®

type of bond (X}  x-bond energy (Ex)/#

CH,=CH 2.0000%
CH=CH 2.0699
CH,=C 2.0000®
CH=C 2.1083
c=C 21716
CH—CH 0.4660
CH-C 0.4362
c-C 0.4358

a) Arbitrarily assignable and so assigned.

AL, FNFRK—EDT AT 2 v F —(EEH0
WMt R EESCOVTOEKERTFE, Tk
APBHNTOLIEELRDY, X3DTHEGIALF
—EERND &, FEOBRILERIMKEDETHEET
FNE- FhHbL, BEFBRCETATETOR
BRI THICARKL B EBTE DL, LT, &
NEOTFHEST ANVE—HERVS &, EEORIRE
BAKZEOREBEDETHEET A vF—, TbD,
20N FOREREDREF BT 2T BEFOFS%E
WETHT EWTE D,

BlE LT, 77481V (CuHs)2 D BEEBEDET S

BIANF-AERHTALD, FTT7ELVICR, RD3I
B OREBEIET b
H H H H H H
H\H H ~rH H/I H
H” H H AH HYN H
H H H H H H
2a 2b 2c

EfEE2al2b TR, 2THEAT LT - B,
Bn(ﬁ>:3 Ecn-cut2Ecu=c +3Ecu-cut2Ecnc
+ Ee_c=1313258 an
EI B, REMEE2c TR
Bn<ﬁ):4 Ecnecnt Ec=ct2 Ecucnt4 Ecu-c
=131264 4 (18)
LB, COEHIC, ErfEATFF -3, B2DR
LHEETO LDOIEFLDENRLNLDT, 2TOR
(OB DNTERE LD, #hAEHT, ZOEEY
DEEBEDLTEAETI A VE— 2T 3, 12Tk
57T, T 6DERHFOREFE FT7 LV
VOREBEDNATHEEI A VF T, 2a~2ciD
TORHEED, 131308 L1785, cCHLT, FEBE
DFTELVDETHESIIALF—, THbEL, R
B T 57 BFOHSIE, Hickel 5 FHBEOFHE
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HERLGYORER LBz 3 v ¥~ DF2OLE

kv, 136838 ThH s, Z41x B.(CyHy) &7 5,

FRTELT 3 LF - DFEDEE LFABRIC, BB
FCH, EZDOBHEREET, 0 BFOFEICHF R
WOERFET S &, DewarBIFHIE T 2 v 4 — (3, Hess
& SchaadlC L7c 3T, MDOEHICEDT T EMTE
518)0

REus =Bz (Cpln) = B (CHll,) (19)

ZDAM /SN LH-IET  vF — %, Hess& Schaad
KHBISAT, REygt&ZbT LT 5, X(1D%EF7
4L CERT AL, TOIET A LE 1305530 &
725, Dewar o DFEMEEE U, BUREERLKE
WD TR9) FORBAFE A VF— REL
% 10, REPEDIERE 2ITR LT,

Filhobhbhrdd g, RADLOKRHI-HB LA L
F— & Dewar o 03 -8RI FHEE L FlOTETEL
7ol & OmIcis, B i TR Db 5, T, K2
T, REPEAEICLIALEHDFEFIE, Dewar 5 D%
NEHT OB N, c D &id, M7 Hickel
FFHEEOFTEA T L1203 Th, £4 &0 Dewar Bt
WIALF-DBBLNLTEXRLTI S,

7:72L, Hess & Schaad D HHE T, {L&%23, 30
DREMOTM 3PP RIT - TL B, CHUd, Hickel
S FYEEDSEERBEEZR LT OLDICELZHDT,
Hess & Schaad D EOR A &L 505,

8. DewarBHBrIpILF¥F—Ds 57
HRHLER

Dewar BIHLIE T X v F - D ERMLERE LTI,
INFT T L EDOFERTH LD, FNTRETE
RJERTOA, KB F F - DM hho
0, COREHROICHIBLICON, EESDS 57
HRE RN ERRERRTH 2, com®Ri,
1975 FICF DAMEDTER U tco £ TR EEROFFMICIZ
MBEAST, MERMKEEFICE - T, TOBELR
gL EILT B,

oMK S, Hickel 2 FHBELICE ST A,
Hiickel S F#HHE TEEI N3 KETHRERBELT
BonASHAASBULSIEAR LD, 77 7HBERAL
3 &, TEOSRLBRKEGOHESIER P, (X
RO XS EDT C EWTE D)

w/3)
PG(XD:=XN+'Z;(‘1)kp(k)XN;” (20)

2T, NIERAGHEBRT 2REETOH, (N/2)
BN/ 2EBZISOBRAOBMTH B, HERP(X)=0
DA K ORI ~, (RBOBAEX; & T5&, £
NRRERGIPETETFD{ EEOEMDOT 3 L F —
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e; LIROBRNH 5,

;A
&:j7——?ﬁb6 si=at+ X8 (2D

T, RQODp(k) 2, RIBRCHSHIIHEESDIIN
LD kDT HEEEROBTHEOH, ¥75bb, B
KHEADIE WL, kDT HEEROBEFSET 5
&, ABOOIMYD B LAMEZ SNLhERDT,
NFEYYUMERIZESTHBLE D, 9, £04
FHODTEHLEDOENE 14a DI kb L, £ iESIC

1 2 4
3 5

14a

BEE2M0 TE, 2oHEBZIBBOTEEDH 5
DT, 1 AOTHESARONT HEOEp(LHIES5TH
b COFERNS, HEEAEOLEWEHC2BOTE
AEROBTICE, 1 &304, 1 E40S, 1&5
OREE, 2L 4 DG, 2L5048, 3&E50E2D6
BOOWMOB LA DD S, L1is-T, p(2)I36TH
%o HILEDRBE NI HICI O EE5E2ET0HTIKI,
1 &3 &E5DEEABROBT LML, LthiaT, £
DOEROBLARI LB LML DOT, p(3)3 1 THA,
INoDp (R DEEARXQONCRATEE, ~FH D
HHLIER LT,

Pe(X)=X'-5Xx'+6Xx"—1
PR OHN 5,

T A, BIRILERILKETE, BESELLER
CODOEI>ULEDLT T EBTEI, 2 DOEHD
P pRER B 5T By UL, BHRIERALK
FROBEEE, HIRERRMAFEOMYTIBETES
BWZ EEARE LS, FORBRICTREN ST
FovF—rL, R0, XKQOEBHTEDLTCE
WTEEhbLNEL, £27T, RO2OKELT, B
RERRCKZEORDEBEOBHEERR; (X%, &
DESHICEHE LTS B,

(22)

(N/2)
RO =xN+ p (=D*p(R) XV (23)

HY, 7741V 2D0TEITAL D FT74L
v OKETHRERBEET S &, ROBUSERNE LN
%

Po(X)=X"—-11X°+41X°-65X* +43x%~9
(24)
WIC, F7 2Ly DrsEE0REH2dL0 p(b)DEE

e

2d



®

eo=a — 2.3028 8 fro=c — 2.2323 8

=g~ 16180 —— —ngjd:izggég
ca=—a - 1.30288 ——— R

€7 =a —1.0000 8 e,=a—0.8654
eg=a — 0.61804

eg=a —0.3536 4

—O0—0O— €5=a +0.3536 8

e,=a+ 06180 —O—0O—
—O— O €4 =q + 0.8654

ey =g+ 1.0000 —O—O—
Eg=q + 1.3028  —O—O—

€3—a+ 1.6180 f —O—O— —O—O— €3~ + 146398

—O0—O—c¢ep=a+ 17321 8
§y=q + 2.3028 § —O—0O— —O0—0—¢,=a+2232358
(a) (b

Fig. 1 Energy levels of 7 electrons in naphthalene
(a) and its localized structure (b).

K, RDEFOT, FOBREHEDOFHEZEL
MY THE, ROLDITIE S,
Ro(X)=X"—11X*+41X"—61 X" +31X*~3
(25)
ZOOHBRPH(X)=0 &R (X) =05 L, EBD
FTELEFOREREOT EFICTFRINATZ AL
FEARESNE, CNEMLICRT,
F7ELVIKF 0BT ETF LS E0S, K1DE
I FE—REEMT, TAVF-DENHDS 5 Bt
MNBEBEN L, TNODENIKSH ST EFOL 5 uF
—DRMPBETEFIANVF~THb, 2T EFIAV
F—id, KEOF 72/ TIE 100 +136838 , 20
TS T 10a+13294F8 LEHEINS, W&ED
IANE-AENTHLE, EEOF 72 L3R (25)
TERLIEERELD, 03898 X BETHBL LI
b, BEHOOEREWEER TR, cntRBT 2 LF
—ERET D, EEOHRNZ L 20OBEREED 2T ET
IRNVF—E, DEEL, 202 LTI VF-B, DED
HEAEZEDICE LY, LT, #7800
HEONCIE S5 -T, L7 7 78R (Graph Theory) #
WER LB 2 v F — REqr %, KDL HICEDT
¢ &iCg B,
REgr =Ex (CyuHp) — E(CrHy) (26)
ZOEHILTRD B v F 13, W< Hickel
SFEEEICH D 72 Hess & Schaad DIEE L Fov ¥ —

DK EIOMINE, BFERICHET 5, K1 LR2IC
RTE DI, WEDHRTEAIC—FKT 2T L3S0,

WHEIIBICGELU LTS, 2O &, 77 7%
FELULEB T A+ ¢, Dewar BIHIE T 5 04—
CRBTCENTELLLEENRT R, $12, 23
R(23) TEERL 72 RO BTEHEE 2 BoPmICEEL L
T ETHHAOBRES, E4/43 27, Hess
& Schaad DB T 4 v F — 3, BHERFNICGREL-E 3

Boom

ot

DEFESGTANVF ~BIURIEL TN B EEHEZLL L,
75 THBRAE RO TRITICER L ek 2 0F&IB L 0
F—ARETEH, HOTOIBLITNT LIS,
77 7HERNCESR Lok %1?w¥—mm,w<0
OB B, FT, & TORRIERRAICH LT PO
&&JX)i%Lm@T,ﬁ%lmw$—i@%KO&@
B, Fio, BIREBRETIZ, P(X)ERG(XIEE -
TeRBER DD, WIRT BIREOZEIE, 77 7HRICK
ST, HRRAOBREE BRI 2 0E085TE3, C
s, FERWAGYORENE, §4bb, KBz 4w
F—{d ,ﬂ%%ﬁP%Cﬁéﬁmgéﬁﬁﬁécéci
STHEUALC &HS, HERIICHIHEN S, AL, 1
%@Dewarﬁﬁiﬁﬂélwv*—@iif L RULATE D -
1L ETH B, LIt-T, Ch7 5 78RO IE
BEEERICL T, FEBRLEHOSEOLERICHE
T AEBUUIBRARER L0 TIPS D,
Dewar ® Hess & Schaad DE&Z TIZ, S F ot
BIAnF¥—UhEaBETEEh-70s, 77 78prE
WLRERICL > T, PHORERNAL ST, HER
DOBA 4 P44 VOB ALE —ARDEC &
@a&mﬁ%“mot&au PO Y Y agt 1003
L84 4 v ThHBH, Dewar SDOERTIE, #0%K
EVEEHE TS, L, 77 7HBEZECLIIE
HFEHNDLE, FNUEAEETH 5,
FOEYTLALE YO EGOESIT 10aTHY, %

Yo

10a

DPHUX)ER,COR, HOESFEbSI D,
PO =X -TX°+14X°-7X -2
Re(X)=X"-7X"+14X°-7X (28)

Cha@%ﬁ%%ﬁi@ 10 & 2DFEEEDTETFOD

ZavFE—#EArD, 2ok HieRkEL, 1036l

BTAE-THEDOT, TOAEPETLE, TOA4 Y

DETEFLANVF-E LT 6a¢+89884 , £ DRE

BEOATBESIAIAEF— L LT 62 +876340 BB S

N, ZoDEER2EOICRATEE, toE)Y

sAFYOHIBI A F —B3, EOfE 02258 & LTH

SN A, LIzi-T, 2044 YRBEBRNAY EHIE

INb, D44V, Dewar bOHB = H v F —D

FEFE»OL, KEFERICET ARLE»O S, FEHEK

(L& BEETER 1208, ZO7 7 7THRICL S

HIEX FAF KL T, BUHT, HFERILEHLR

3T N E BRI AR 12D TH %,
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HEENAYMORE, LB 3 L ¥ - DS OL B

e7=a - 180198 €, = — 1.9499 8
¢o=a — 1.8019 4 e;fav— 15637 §
ex=a — 0.8678 8
= - 0.4450 §
g 044305

e, =a +0.00008

—O—0O— €3=q ~0.36788
=g+ 1.2470 8

% @+ 12470 §=ORT= O s~ 15637 8

&y =a + 2.0000 f—O—O— —O—O— &=+ 1.9499 §

(a) (b)

Fig. 2 Energy levels of 7 clectrons in tropylium
ion (a) and its localized structure (b).
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fbo 19304 UICA - T, Hiickel 04> 11217£ % Pauling
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