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1. Hils'tory Of aromaticity and different kinds of
it

2. Crlterla of aromahcnty and antiaromaticity
* Energetic criteria |
. Structural criteria
. Chemlcal criteria

. Magnetlc Criteria (ring Current)
o NMR chemical shift

. ~Magnetic -susceptlblllty{-exaltation and anisotropy
3. Kinds of aromaticity (anti-,homo-, schizo-).



o What was aremattc:ty?
<1825 - dlstlnctwe “aromatic” smell
- <1865 — hlgn C:H ratio, still stable
1 865 benzene structure (Kekule)

1866 substltutlon IS more favorable than addition
- (Erlenmeyer)

1910 ‘exalted diamagnetic susceptibility (Pascal)

1925 - electron sextet and heteroaromaticity
(Armlt-Robmson)

1931 - theory of cyclic (4n+2) 1T systems (Huckel)
1936 - ring current theory (Pauling)
1937 — London dlamagnetlsm

1956 - rlng current effects on NMR shifts (Pople)

P. Schieyer and H. Jrao Pure and Appl. Chem., 1996, 68, 209



Summary of the definitions
. Chemlcal behavior - reversion to type

: Structural —bond Iength equallzatlon due to
delocalization

. Energetic — enhanced stability
. Magnetic - ring current effects
. an,omalous chemical shifts

¢ large magnetic anisotropies

. diamagnetic susceptibility exaltation

P. Schleyer and H. Jiao, Pure and Appl. Chem., 1996, 68, 209



iuckel rule

E J=G+2 BCOS(ZTI’J/ N) | Table I. Calculated Hiickel 7-Bond Energies of Carbon-Carbon

Double Bonds and Carbon-Carbon Single Bonds of
Acyclic Polyenes

Calculated
. Type of m-bond energy,
. Designatione bond B
23 ¢+ HyC=CH 2.0000¢
22 HC=—CH 2.0699
22/ H,C=C 2.0000®
21 HC=C 2.1083
20 C=C 2.1716
12 HC—CH 0.4660
11 HC—C 0.4362
10 Cc—C 0.4358

¢ The first index gives the bond order, the second the number of
attached hydrogens. * Arbitrarily assigned.

B.A. Hess, Jr., and L. J. Schaad, JACS, 1971, 93, 305



RE=/_\H°é(PlhH)-6E(C-H)-3E(C-C)-3E(C=C)
Hydrogenation:
+H, —-» O AH:’-28.3kcal/moI o -
R O AH=-54.8 kcal/mol(-28.3x2+1.8)

- AH=35.8kcal/mol=
— AH=-49.1kcal/mol(-28.3x3+35.8)  5-97kcal/n-electron=RE

+3H2

From V.|.Minkin et.al. Aromaticity and Antiaromaticity....;Wiley: New York; 1994




1] +4CHA—>2CH2=CH2+2CH3—CH3 AH=-70kcal/mol

ol j+4CH4—>1 CH2=CH2+3CH3—CH3 AH=-28kcal/mol - strain energy

AAH*=_52kca|/moI — aromatic destabilization energy

L= +4H2-> O AH=-100kcal/mol

O ~ +H2-> O AH=-23kcal/mol =>AAH=4x23-100=8kcal/mol

4CH3F=3CH4+CF4 4 H=-35.8kcal/mol



Criteria af-aromaticity Structural criteria.

- delocallzat|on=>planar geometry+bond length equalization,cyclic

’ | a0
1.397A %ﬁ«g/j\"’/l PO

" %55 "oy
(*) [0 1565A vs. 1.344/1.355A . a5
' | - «=(QIOIQI0
~. [nl-paracyclophanes | 7 %2 A \ 7
o ) 13452
| _ ‘(CHz)H'\ n=5 ¢=23.7
r: -/ n=6 @=18.6
H _"_ n=7 ¢=14.2
HN" S NH - n=8 ¢=8.4
Hé“N’éH bond alteration 0.025A
H

P. Schleyer and H. Jiao, Pure and Appl. Chem., 1996, 68, 209
From V.1 Mmkm et. aI Aromaticity and Antraromaﬂc:ty ., Wiley: New York; 1994



Cntena m‘ arcmattclty Chemical criteria.
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Criteria of aromaticity. Magnetic criteria.
A. Magnetic Susceptibility Exaltation and Anisotropy

o - Ax=x2'2-1/2(xxx+xyy)-anisotropy of magnetic
. M=xB susceptibility

X=1';/3(XXX+ny'i'ng)— mean molar magnetic
susceptibility (isotropic media)

R Il,' “\\

/\=X—(ZXA+I1)\C=C)=X'XcaIc

B 2-
\\
. . i -— B
v 0, B / I =B
:.'. . 7', : B /
A ~ \
T N
Fig. 1—Diagram of raagnetic Sud associated with ring .
current in a monocyclic system, 'v xan i S 0.0 0.0
A -51.1 -49.6

~P. Schleyer and H. Jiao, Pure and Appl. Chem., 1996, 68, 209



Criteria of aromaticity. Magnetic criteria.
A. Magnetlc Susceptlblllty Exaltatlon and Anisotropy

M— _— AX"XZZ'1/2(XXX+ny) anisotropy of magnetic
EXE susceptibility

x—1/3(xxx+xyy4-xzz) mean molar magnetic
susceptibility (isotropic media)

A:x-(Z)(A+n)\C=C)=X'Xcalc

B 2-

;. ". .‘,. N - B

. ' : o B \// | N B

.... - '..‘ . . o B /
111 | ;

Fig. 1.—-Di:miin of magnetic fuid associ;tgd with @ ring |
cumnf in a monocyclic system; _ . XaniS 0.0 0.0
A -51.1 -49.6

P. Schleyer and H. Jiao, Pure and Appl. Chem., 1996, 68, 209



Criteria of aromaticity. Magnetic criteria.
A. Magnetic Su_sceptibility Exaltation and Anisotropy

X X _ A Xexp/ Xcalc
CH2 - 11.36 S 16.9 .A C=C +5.5 hexane 74.3/73.1
H ‘ 2 N 9 : CH3 -.85 methanol 21.9/22.0
C S 7.36 Ci 18.5 C=C-C=C +10.6 MeCN 27.6/26.9
O(alc). : 53 Br 27.8 C=C +0.8 Etl 68.2/68.0
O(ald/ket) - 6.4 I 42.2 N=N +0.8 MEK 46.1/51.3
CO2(aclds) - 15.15

6C2*-H =5(3_2)='1 9.2 Calculated anisotropies
ry_ _ _ Aromatics x... A

Zg2cl;| _2(2'2)_7'2 benzene -62.9 -13.4

2 ; . =2(2.6)=5. CsH;’ -67.7 -17.2

- | 5C*-C =5(2-4)=12-0 napthalene -130.3 -28.2

13C=C =3(2.2)=6.6 pyrrole -48.1 -12.1

. -core= 15)=1. azulene -144 -42.9

7xinner e-co e'7(0. 5)=1.05 C.H, 287 18

. C:H;* 58.1 32.6

- | Xeale =51.65 CeHs 146.3 60.4

| A 59-8-51-65=8-1 pentalene 12.8 30.9

heptalene 168.3 76.7

P. Schleyer and H. Jiao, Pure and Appl. Chem 1996, 68, 209

Hyp J. Dauben, Jr., James D. Wilson, and John L. Laity JACS, 1968, 90, 811
Dr.W .Haberditzl, Angew Chem.Int.Ed.Eng.,1966, 3, 288




Criteria of ammaticity. Magnetic criteria.

Table ¥. Diamaghptic Exaltation Data*

Compotund T XM e A Compound P A’ A
’ Nonaromatic Compounds ) Benzenoid Aromatic Compounds (Continued)
Cyclopentane 59.2° 56.8 .2.4  Phenanthrene 127.9* 81.7 48.6
Cyclopentene - . : 49.5 + 0.5 47.0 2.5 Tetracene (4) 168% 102 66
Cyclopentadiene ) : 44  5b.x 38.0 6.5 Chrysene (5) 167* 102 65
5,5-Dimethylcyclopentadiene Q) 67.5 + 0.6* 62.7 4.8 Pentacene (6) 2052 122 83
Cyclohexane - 68.1°% 68.1 0.0 Dibenz [a,/ Janthracene (7) 1934 122 71
Cyclohexene 57.5° 58.3 —0.8 Fluoranthene (8) 138¢ 96 42
1 ,3-Cyc]ohexadienq 48. 6% 49.3 —0.7 Pyrene (9) 155¢< 98 57
1,4-Cyclohexadiene - . 48. 7% 48.5 0.2 Triphenylene (10) 157¢ 107 50
Cycloheptane - - 78.9 + 0.7 79.5 —0.6 - Perylene (11) ! 171~ 121 20
Cycloheptene - : "69.3 + 0.6 69.7 —-0.4 Benzolalpyrene (12) 194°% 119 75
1,3-Cycloheptadiene 61.0 + 0.6* 60.7 0.3 Coronene (13) 243?% 140 103
1 ,4-Cyclohepta_dicne : 61.0 + 0.4* 59.9 1.1 Ovalene (14) 354* 181 173
1,3,5-Cycloheptatriene o 59.8+ 1.0 51.7 8.1 . . .
3,7,7-Trimethyl-1,3,5 -cyclo- Nonbenzenoid Aromatic and Pseudoaromatic Compounds
heptatriene ' 95.6 + 0.4* 88.5% 7.1 Azulene (15) o1.0° 61.4 29.6

7,7 ’-Bis(cycloheptatrlenyl) 119 =+ 3% 100.0 19.0 1,6-Metha.no[10]annulene (16) 111.9 + 0.4* 75.1 36.8
Cyclooctane . T 91.4» 90.8 0.6 1,6-Oxido[10]Jannulene (17) 108.0 + 0.5 69.1 38.9
Cyclooctene = . 805 + 0.6* 81.0 —0.5 trans-lS.lG-Dimethyl-l5,16~
1,3-Cyclooctadiene 72.8 + 0.8 72.0 0.8 dihydropyrene (18) 210 + 1s5* 129 81
1,5-Cyclooctadiene 71.5 + 0.7% 71.2 0.3 1,3,6,8,15,16-Hexamethyl-15,16-
1,3,5-Cyclooctatriene ~ 65.1 + 0.8 64.0 1.1 dihydropyrene (19) 250 + 20* 178 72
Cyclooctatetraene 53,9tk 54.8 —-0.9 Acepleiadylene (20) 155 + s* 98 53
Cyclododecene - C127 3 1% 126.4 0.6 Dicyclopenta [ef k! jheptalene

. o . ] . 1) 151 £+ 4* 98 53

] Benzenoid Aromatic Compounds : Acenaphthylene (22) 111.6° 72.3 39.3
Benzene . 54.8°% 41.1 13.7 Acenaphthene (23) 109, 3% 82.4 26.9
Toluene 66.1° 53.3 12.8 Acepleiadiene a4) 135 + 3% 106 29
Styrene 68. 2% 55.6 12.6 2-Phenyl-5,7-dimethyl-
Indene 80O, 52 61.4 19.1 pleiapentalene (258) 179 + 4% 149! 30
Fluorene . 110.5¢ 84.8 25.7 3,5-Dimethylaceheptalene (26) 112 4+ 3k 112 0.0
Triphenylmethane 1665 125 41 Pentafulvene (27) 43, 0" 41.9 1.1
Stilbene ) 120¢ 82 28 Cyclooctatetraene (28) 53.9%.% 54.8 ~0.9
1,4-Diphenylbutadiene . 130°% 106 24 [16]Annulene (29) 105 + 2* 110 -5
Biphenyl o "103. 3¢ 77.1 26.2 Heptalene (30) 72 £ 7% 78.2 -6
p-Diphenylbenzene . 152¢ 113 39 Heptafulvalene (31) 94 + 3% 92.0 2
4,4’-Diphenylbiphenyl 201¢ 149 52 9,1 0-Dimethyldibenzopenta-
Biphenylene (3) ] 88 + 3* 74 14 lene (32) 132/ 146! —14
Naphthalene 91.9% 61.4 30.5 7,7-Dimethylbenzofulvene 105/ 103¢ 2
Anthracene 130. 3% 81.7 48.6 7-Phenylbenzofulvene 13y 130! 1

“ All values of xp, %a, and A are given in units of —10-% em? mol~!, The values of Xm: are not corrected for “ring-current diamag-

netism.'" ® G. W, -Smith, “A Compilation of Diamagnetic Susceptibilities,”” General Motors Corporation Research Report, GMR-317
1960. < G. W. Smith, *‘Supplement to GMR-317,"”” GMR-396, 1963, ¢ K. Lonsdale and K. S. Krishnan, Proc, Roy. Soc. (London), A156:
597 (1936). °* K. S. Krishnan and S. Bannerjee, Pkt Trans. Roy, Soc. (London), A234, 265 (1935). ~ LI, Shiba and G. Hazato, Bu//. Chem.

t*S. Shida
ullman, J. Chrrm. Phys,,

Soc. Japan, 22, 92 (1949). * W. Klemm, Ber., 90, 1051 (1957)." * J..Thiec and J. Welmann, Bull. Soc. Chim. France, 177 (1956).
and S. Fujii, Bull. Chem. Soc. Japan, 24, 173 (1951). ‘' E. D. Bergmann, J. Hoarau, A, Pacault, B, Pullman, and A. P

Hyp J: Dauben, Jr.‘, James D. Wilson, and John L. Laity JACS, 1969, 91, 1991




Criteria of aromaticity. Magnetic criteria.
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Criteria of aromaticity. Magnetic criteria.
C. NMR Chemical Shifts :

| Later. Low temp?
HoB 0.61, 7.9ppm Al

C:‘/ \C .
i H4 ) Y
H’\\\w}l | H A 1 H S H
. | : |
— R 2 o AN
5.58ppm H I | H OS— =% N

. ] - —— e e s o st et ot e ot e
T 442 ; R .
. i . R ;
: 1
. i [14} Annulene ' tonaeer sara. 4] s nauinsg
! B
) .

. |
1
; | ,
| s | . ’
J 03 : ol

CHGi : )
' i, 1. ! _ ‘ l
M ’ . . 1 % Mo N S S tpia Vi ap APt
1 2 3 a4 3 [ 7 ) ® 10 1 2

T

Fig. 2.—~N.m.£.-spectrum of [14]annulene (I) (60 Me. /sec.;
deuteriochloroform solution).

Area ratio 5:1

'E.Sondheimer Acct.Chem.Res, 1972, 5, 81

F.Sondheimer et. al. JACS, 1962, 84. 4307




Criteria of aromaticity. Magnetic criteria.
C.NMR Chemical Shifts ,

decomp.
‘ /muﬂ. 7
e
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T are tere
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| 1] N 'S it % J
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‘7 Q-1 A\3 4 88 7 B § 1% 12 13 14 18 | v i y . Y A
Fig. 4 —N.in.r. spec of [l‘Siand e (1) (80 Mc./3ec.; o ’ 3 ' . S . R ‘s =y
. preds etrabydeaturgn solution),
: . Fig. 5—~N.m.r. spectrum of tridehydro- [18]lannulene (VI)

. - 80 Me. /sec. (Varian A60 spectrometer): deuteriochlorofor
Area ratio 2:1 iolutioﬁg. ¢ (Varian A60 spectrometer); deuteriochloroform

V “_.,

F.Sondheimer et. al. JACS, 1962, 84. 4307



Criteria of aromaticity. Magnetic criteria.
C. NMR Chemical Shifts
HX E um{»‘“’h“ ; H :/ u H)TH

H—</ A /\:_H Z 1 H HE:H
H
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Figure 2. Tempetyture dependence of the 'H.n spectrum (at
60 MHz2) of the diandyn of ({Slannulene (33 the potassium salt),

i 4 i i A 1

| TN S S Y Lomrad, }
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[EE
21 0°Y 23 4 8
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Fig. 6.~Num.r. spectrum of [24}annulene {£.g.. VII} (584 _ 28 ppm _1 ppm
b

Me./sec.; denteriochloroform sodution).

F.Sondheimer et al, JACS., 1962. 84 4307: ibid 1973, 95,7337



- Criteria of aromaticity. Magnetic criteria.
C. NMR Chemical Shifts

.9

n=7 6=-5.64
n=8 . 0=-4.28
n=9  5=-1.46
n=10 - 6=+0.07

-9.9 102 -6.3 . 10‘8) -30) -82 -133
<o 50 CO0
1 2 3 4

-1972 -70 -25 225 -51 19.0

o

M T T v T
-20 -10 0 10

ASE 20
Figure 1. Plot of NICSs (ppm) vs the aromatic stabilizaton energies

(ASEs, kecal/moly™ for a set of five-membered ring heterocycles, C;HaX
(X = as shown) (cc = 0.966).

T. S Sorensen* and S. M. Whitworth JACS, 1990, 112, 8135

Paul von Rague Schlever et.al.JACS, 1996, 118, 6317



Arematicity. Annulenes.
10 ® @

o cl
+[:CCI2]->m Na/NH3
- c
.1.Br2 ’ /
rACOR
2. KOH '

:;:'.‘ '; Pt 5 iy‘.‘;;;-‘;\ﬁ
. o - . ' ‘.' Br Br
6.8-7.5ppm, A,B,-system, 8H ’ ~
XRay 1 37 -1.42A, nonplanar o

D. E Vogel H.D.Roth Angew.Chem.Int.Ed.Engl., 1964, 3, 228
Vogel E. et.al. Monatshefte fur Chem/e 1986, 717, 255




~ Aromaticity. Annulenes.

/\

/ '\ ' '
ey oo '
~ 6% \—mm—u |
1 KOt-Bu

/<
8
9
@’

‘¢ '~ 12 13
A ‘ ' 10 1
Low temp. H-NMR: ‘
n L 10 12 14 16 18 22 24
Inner 5.7-5.8 8 -0.61 10.56 -2.99 -0.4-1.2 11.2-12.9
Outer - 5.7-58 6 7.88 5.33 9.28  8.5-9.6 4.7
Planarity (X-RAY) | not fig fig

[20]- and [30]-annulenes were not homogenious

F.Sondheimer Acct.Chem.Res., 1972, 5, 81




Arematlcity Dehydreannulenes

ase

M \
I |
S lwu "'
.&,
3
H-NMR of dehydroannUIenes
n 12 14 16 18 - 20 22 24 26 30
-tropic para. dia para dia  para dia para not not

[28]- dehydroannulene has too low solublhty

[18]-annulene —N02 MeCO, Br, CHO |
[14]- and [12]- blsdlhvdroannulenes were electrophilically substituted

F.Sondheimer Acct.Chem.Res. 1972, 5. 81




8.01ppm

10.47ppm

“H.A. Staab et.al. Chem.Ber., 1983, 116, 3504:ibid, 3487



Benzene HSE_, =-28.1kcal/mol
n=5 ¢=23.7 HSE__,.=+50.1 kcal/mol
n=6 ¢=18.6 HSE__ =+26.3 kcal/mol
n=7 @=14.2 HSE __ .=+12.9 kcal/mol
n=8 ¢= 8.4 HSE_, .=+ 6.3 kcal/mol
‘Benzene 160°  =-13.1kcal/mol

1.074

o Aromaticity. Cyclophanes

Energetic no?
Structural(planar) no

Structural(bond alt) yes
NMR ves

187 1400 ( 6—0.01 PpmMm
118.2% | n.398) 1.082
18.3° . . 0.085)
-/ ms.e 1382 i
o (1.382)
! 1
n.0ss :
(1.08
, 105.9¢ 1,588 1.514
107.9° \ (106.2% .
, 1108 4°) 120297 k) N{I380))_(1823)
S~ \\ / 1.5:(; \ .
, 5 (1.888) N 108
yd AN s ,'g:‘g. { 1088 N\ _(1.089)
(108.3% % ] noss N
. 1.384 , \ ;11088
(119.7%) {1.365) :
1074

@ = 237°(22.47
a = 28.6°(29.8°)

6=0.22ppm

Figure 4. The theoretical molecular s
on the double-

Figure 3. The theoretical molecular structure of {S]paracyclophane based
on the double-{ (DZ) self-consistent-field (SCF) method. This sketch
shows only the geometrical parameters for the berizene ring portion of
the molecule. Refer to the supplementary material (Table Is) for a
complete set of geometrical parameters. In parentheses is given the

minimum hacic ctenrtinre of eaf 94

H.F.Schaefer Ill et. al. JACS., 1987, 109, 2902
Friedrich Bickelhaupt et.al. JACS, 1985, 107, 3716

In parentheses is given the minimu

2.1/2.8ppm

tructure of [5)paracyclophane based

{ (DZ) self-consistent-field (SCF) method. Shown here
are geometrical parameters for the five methylene groups [i.e., (CH,);]
bridging the para positions of the be
mentary material (Table Is) for a complete st of geometrical parameters.
m basis set structure of ref 25.

nzene ring. Refer to the supple-



~ Aromaticity. Aromatic ions.

pPKr*'s OF SoME CYCLOPROPENYL CATIONS

7—Pr Ac,o Pr Pr CH,0OH . Compound diﬁdne:." I\Edegh- ¢Kr*
' g;f‘ ‘ oY x°© Dipropylcyclopropenyl perchlorate
“coH  HBR, . H (ITa) A a 2.7
- lla, X=ClO, Tnpropylcyclopropenyl perchlorate
Pr Pr b, X =BF, (V) A a 7.2
; . PriMen, | lm" Trianisyleyclopropenyl bromide?® A a 6.5
R ocH, . > p P B b 6.4
v | -§7' ¥  Dianisylphenylcyclopropenyl A a 5.2
Pr—==r—Pr . c*cO bromide? B b 5.2
\ | 4‘3—'533’// Pr - H Triphenyleyclopropeny! A a 3.1
oY Cl0° | bromide? B b 2.8
Pr Diphenylcyclopropeny! bromide# B b ~0.87
M | A C b 0.82
o ‘Propyldiphenyleyclopropenyl
All Prl zreNMR fluoroborate (VII) B b 3.8
equal by T e A, 509 aqueous acetounitrile; B, 23% aqueous ethanol
“H10 300m : C, water. % a, potentiometric tltra.txon b, spectrophoto.
->PP 0.93ppm metric titration,
7.06ppm

Pr -
3.2, 1.9, 1.0 ppm
Breslow,R. et.al. JACS, 1962, 84, 3168;

Pr




Ammattclty Aromatic i mns

©

pKa=1_0439 | | pKa'=1 016
S | Stable<l\/b—-290
n-BuLi —
HZN‘\/\ NH2
| Polymerizes

Oqliaruso M.A. et, al. Chemn.Rev., 1965, 65, 261

From T.H.Lowry;K.S.Richardson Mechanism and theory in Org.Chem. HarperCollins:
New York, 1987, p.50 |

Bates, R.B. et.al. JACS, I977 99, 6126:
Breslow, R et.al. JACS, 1962, 84, 3168:




Aromaticity. Aromatic ions.

—Cl =2

=3.68ppm
ZSC,,,1 =-14(CS,)
6CSZ=1 90ppm

1 40T A « [K(CH;OCHICH,), 0)LC,H,(CHy),)

3.60ppm G.A.Olah et.al. JACS, 1969, 91. 3667
| T.J.Katz. JACS, 1960, 82, 3784, 3385
K.N.Raymond et.2' JACS, 1974, 96, 1348




- . - B3
R=Me; H,,, from -4.25 to 21 ppm
Hout 8-8.7 to -3-4ppm

7:3 ratio
54 29.5, 28.1ppm 55

. -8.2ppm -1.1ppm

© vs8.10.5

Stable 100°C 2days | /7 | yrd ("’ 3
e 100G 26y N 7 )
. \\ // —> | 2~ i
y/a N N b oy
8.3,7.4ppm o =
vesgn 50 \ A

H-NMR spectra similar

F.Sondheimer Acct.Chem.Res. 1972, 5, 81



Antiaromaticity

Kinetic acidity study Thermodinamic acidity study

- c c. .G "
. R
8_(3_2 v, y z 27_ V/ CH,  CH, CH,  CH,

C
; i i ~' =

H H H CGH{) H
' CeHs CH,  CHCH, CHCH, 8 C.H,
A. lp 1 | unknown

H ON H ©N H*

. : R—H == R—OH === R* == R- == R~ =—» R
H H H R CeHs CeH,
. 2. CH: CH cﬁﬁﬁ-vm{ﬁ \7/ CeHls (_CeH,
ky / . /C
! H™ |
| I L H CH, Cel;
. I pK, > 51 pKa = 31

C C :
ko ks = 10° b )b 100 kb, =10 X +
| |

R.Breslow Acct.Chem.Res., 1973, 6, 393
R.Breslow, W.Chu, JACS, 1973, 95, 411



CaC,+ DO ~—=  D-C2C-D

, l | =0 /hv
BN
D : ,_L_m:o
3
' . D
[ Js0, —2— (Cfs}o2
. 0 D
lc
D
. - ~CO,CH3
. N
LS otk
" _
0 b
_CO,CH, ji\
f,g Yah
COLCH, 4

Figure 1. (2) NasFe (CO)s; (b) K3CO3/D10; (¢) CH;CO;N=N-
CO2CHa3/A; (d) N-bromosuccinimid:; (e) 2,6-lutidine; (f) KOBu‘/

Me2SO; (g) Pb(OAc)s.

B.K.Carpenter JACS. 1980, 102 4272

| Antimmticity

D 0
N D’@
/Fe(C0)3
| |
P F :: = T2
R
SRR
D

CO,CH,
Co,CH,
D
; R
CH302C CH3OZC R
+ D +

D
D 1 5

CH,0,C cH0,C R



Antiaromaticity

3.45ppm -

QALY D

g0 e 20

1.19ppm

Figure 1. Methy! tri-tert- butyl[4]annulenecarboxylatc. Selected bond
distances and angles are given and the estimated standard deviations of
the bond distances and angles are 0.005 A and 0.3°, respectively. The

three sites (occupancies 0.51, 0.32, 0.17) of the disordered methyl
groups bonded to C15 are designated as 1, 2, and 3, respectively,

S. Masamune et. a JACS, 1975, 97, 1973
S. Masamune et. al JACS, 1973, 95, 8481




" Antiaron aticity

T ', o\ KNH, N  H,0 ©‘
S —te “ } — 1

‘ . . @ NH, 10 -
. 1 2 '-

2.05 ~040

2 4
~J33 =10.8 Hz Joa = 10.2 Hz
Ja= 8.2 | J30 = 9.8
Jg‘ 10 = 8.0 : Jg’ 0 = 6.0
o, n = 6.4 Jio.3 = 85
Jo 0 = 2.2 Jo , = 1.3

Figure 1. _Nmr spectral data for the '(potassium) benzocyclohepta-
trienyl anion (2) in ammonia-d; at —50° (with trimethylamine
(8Trs 2.135) as internal standard) and the benzocyclohepta-

~ trienyl cation!? (4) in acetonitrile-d; at 32° (with TMS as internal
- standard),!2

Staley, S.W. JACS, 1973, 95, 3382
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E*=8kcal/mol
vs. 1-1.5 for C,H,

Winstein,S. JACS, 1959, 81, 6524

Applequist, D.E.;Roberts,J.D. JACS, 1956, 78, 4012
Doering W.v.E. et.al. JACS, 1956, /78,5448




Homoaromaticity

. More stable @ @ AE=47kcal/mol
FT A

AE=8:.8kcaI/mo + C .

38 39 i

35 X=NH -
36 X=0. »
37 X = BH

# 35 |36 |37 38
1,5(A) |1.74 | 1.71 | 2.00 | 165

o a /SbCl
1,7=2.0A : H MeNO,
AE=22.3kcal/mol - =0.73ppm H._ 8

2-6: 8.6ppm
1,7: 6.6ppm

. HOL
© +Sbel, S
- MGNOQ :
; 4 6
- L= R.F.Childs et.al. JACS, 1982, 104, 2452

From R.V.Williams. Chem.Rev., 2001, 101, 1185
R.Petit et.al. JACS., 1962, 84, 2842




Ham’ammticity. Hydroxy-homotropyllium cation.
@c(e) oo

1182(12)

cla
1 422{12;

lam & 13.73%? 2 e

1720) 150(1) % 2 ey ct

y : ; J-11 626(8)
C(4)%% 1.510A .H |

Figure 3. The cation C;H,(OH)* showing the dihedral angles between  Pioyre 2. Th : + . .
planes of atoms (temperature factors are isotropic for simplicity). g The cation CyHy(OH) showing the atom numbering.

Table IV. Selected Interatomic Distances (&) and Angles (Deg)

o Interatomic Distances

Sb(1)-CK11) 2.363 (2) Sh(1)-CK(12) 2.350(2) Sb(2)~-C1(21) 2.365 (2)

Sb(2)-Cl(22) 2.365 (1) C(1)-C(2) 1.422 (12) C()-C3) 1.368 (16)

C(3)-C(4) 1.378 (13) C(1)-C(8) 1.488 (1) C(H-C(N 1.626 (8)

C(2)-0(2) 1.182(12)

- Possible Hydrogen Bonds
O(2)--:CI(22)@ 3.292 (9 0(2)---CI(11) 315 (D) 0(2)---Cl(12)® 3.332(9)
Interatomic Angles

C1(11)-Sb{1)-C1(12) 90.4 (1) CI(11)-Sb(1)-Ci(12)¢ 89.6 (1) Ci(12)-Sb(1)~Ci(12)¢ 90.4 (1)
C(12)-Sb(1)~-Cl(12)¢ 89.6 (1) CI(21)-Sb(2)-C1(22) 90.3 (1) C1(21)-8b(1)-C1(21)4 89.7 (1)
Cl(22)-S5(2)~C1(22)¢ 90.1 (1) C(22)-Sb(2)-C1(22)¢ 89.9 (1) C(8)-C(1)-C(2) 121.8 (3)
C(1)-C(2)-C(3) 128.9(7) C(2)-C(3)-C(4) 127 (1) C(3)-C(4)-C(5) 130 (1)
C(NH-C(1)-C(2) 127.0(N CB®)-C(1)-C(7 56.9 (3) C()-C(8)-C(D 66.2 (4)
C(1)-C(2)-0(2) 115 Q) C(3)-C(2)-0(2) 117 (1)

-7 Atoms are related to those given in Table II: g, —x, y, —z;b, x, -y, 2; ¢, —x, =V =z2id, l=x,y, ~z;¢, 1 =x, 1 —p, —~z;f x, 1=y, 2.
C($), C(6), and C(7) are related to atoms C(3), C(2), and C(1) respectively by f.

R.F.Childs et.al. JACS, 1982, 104, 2452




Hemoammaticity. Neutral molecules.

Ho_—g

diB831(3)-201A

s

68b

P.v.R.Schleyer et.al. Angew.Chem.Int Ed. Engl. 1984, 23, 370

oI



Conclusions
Definition of Aromaticity is not a simple matter

Ring current is the major used manifestation of
Aromaticity

If a structure can be planar, it will be aromatic
(4n+2 annulenes, n<6-8)

If a structure can (or forced) to be planar, it can be
antiaromatic (4n annulenes, N<6-8)

Both are quantitative and it is proper to talk about

degree of (anti-)aromaticity, rather than if itis
aromatic or not



MPRSHULK ADLNUCTUL 2S O certain aromatic
- Ipseudoaromatic compounds

0 CO ool oo UPoe
< | @ O\‘\“ (L)~
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Perylene 11 Coronene 13 Ovalene 14 Azulene 15
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5 -0
.
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Figure 1. Structures of certain aromatic and pseudoaromatic com-
pounds. ’ : "

Hyp J. Dauben, Jr., James D. Wilson, and John L. Laity JACS, 1969, 97, 1997

Ldananeer.eral. 1L, 1979, 34Y




Appendix C Cycledeepentaene

Br Br i ]
. b _
: LitHg “ 2537A
H H
r r ) - -

—

E.E. van Tamelen and T.L.Burloth JACS, I967, 89, 151



- [14}-annulene X-RAY study

Stereoscopic view of a molecule: of [14)annulene. The thermal ellipsoids are scaled 1o 25% probat

Planarity:+/-0.214(C)
+/-0.79A(H)

Bonds vary,

No real alteration

, Chian C. Chiang, Iain C. Paul*
W. 4. Noyes Chemical Lubvrutury, University of Rlinois
' Urbana, Itlinois 61801

'Recelved Feb 28, 1972

|.C.Paul, C.C.Chiang JACS, 1972, 94, 4741

Figure 2. Molecular dimensions in (14lannulene. The upper half
of the drawing shows the bond lengths (angstrdms) and bond
angles (degrees). The lower part of the drawing (related by a
center of inversion) shows the deviations of atoms (angstréms) from
the best plane through the carbon atoms, and the torsion angles
around the C~C bonds (degrees). The esd's of the C-C bonds are
0.010 A and of the C-C-C angles are 0.5°. According to the
formula given by P. J. Huber in the appendix in E. Huber-Buser
and 1. D, Dunitz, Helv. Chim. Acta, 44, 2027 (1961), the asd's of the
torsion angles are approximately twice those of the valency angles.



[16]-annulene X-RAY study

Figure 1. Stereoscopic view of the [16] annulene molecule looking along the 4 axis. Bond distances in Angstroms; standard deviation

of C-C bond distances lie in range 0.010-0.015 A,

Figure 2. View of the [16)annulene molecule looking along the
a axis. The dihedral angles along the bonds in the ring are given
in degrees. The angle is taken as positive if, when viewed along the
bond, the nearer substituent has to be rotated clockwise to eclipse
the more distant substituent,

Average C-C=1.46A
Average C=C=1.34A

|.C.Paul, et.al JACS, 1968, 90, 6555




