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The synandanti bismethano[14]annulenes have been used to test the accuracy of the semiempirical (PM3)
and ab initio (HF and MP2), as well as density functional theory (BLYP and B3LYP) methods. Compared

to experimental data, PM3 and HF overemphasize bond localized structures, while the correlated MP2 and
density functional methods tend to favor overly delocalized aromatic structures. B3LYP computations give
the best agreement with the available experimental data, they provide the most reliable estimates of the relative
energies of aromatic and non-aromatic cyclenes. The calculated magnetic susceptibility exaltations and nucleus-
independent chemical shifts (NICS) parallel geometric and energetic criteria. The methods were also applied
to 1,6-methano[10]annulene and azulene.

Introduction tion and aromaticity, while others underestimate the stabilization.
We have recently described the geometrical performance of
various methods on bridged [14]-annulenes, concluding that of
the economical methods, only B3LYP provides a reasonable
balance between delocalized and localized structiréertesz

et al. have provided an extensive study of [14]- and [18]-
annulenes, with several methods and more recently the whole

Aromaticity is expressed by a combination of properties in
cyclic delocalized systenis. The relationships among the
number ofr electrons, stability, and reactivity have been central
subjects in organic chemistry ever sincédiel provided a
theoretical basis for the concept of aromaticity which led to

the (4 + 2) z electron rule. Recently, Schleyer et al. et of annulenes up to [66]annuleffeRecent comparisons of
established linear relationships among different measures of ,athods for delocalized systems stress the importance of

aromaticity (such as stabilization, bond length equalization, and ¢qrelatiorg but not all correlated methods guarantee a balanced
magnetic susceptibility exaltation, as well as nucleus-indepen- yraaimentc—e9

dent chemical shifts (NICS)) for a wide-ranging set of aromatic
and antiaromatic five-membered ring heterocyéfesn general,

aromatic systems with cyclic delocalized electrons are stabilized, the homodesmotic equation: 3 (trans-butadi ylene)=
independent if these electrons have,ar, or hybrid character.

. e enzene)] are generally overestimated compared to the experi-
The systems have equalized bond lengths and exhibit eXalteclbmental resultd® For example, both HF/6-31G* and MP2/6-
magnetic susceptibilities relative to the nonaromatic analogs.

. R i 31G* overestimate the benzene ASE by 5.0 and 9.2 kcal/mol
The origin of the bond length equalization is still being 55 compared with an experimental ASE of 19:70.2 kcal/

debated. Shaik et al. and others maintain thattf®nds are 6111 |y contrast to the conventional ab initio methods, the

in fact distortive, while the symmetric structure of benzene is hybrid density functional method (B3LYP/6-31G*) not only

solely due to thes skeletort Weinhold et al. came to the reproduces the benzene geometryc(= 1.397 A) well, but
conclusion that bothg andz bond effects, work together in 5,56 the ASE (19.5 kcal/mol at 298 K.

order to equalize the bond lengths. ) ) How reliable are these common theoretical methods for
There have been many recent theoretical studies on |argecomputing the geometries and energies of larger, more com-
aromatic systems such as thg Iear, cyclic, and fullerene plicated aromatic systems, suchsys1,6:8,13-bismethano[14]-
structure$:” The daunting sizes of many systems of interest annulene(1)'® and anti-1,6:8,13-bismethano[14] annuler (
prohibit the use of the most sophisticated ab initio treatments Figure 1), synthesized by Vogel's group in Cologne in the
(e.g., coupled cluster methods). Consequently, density func- 197059
tional theory (DFT) has become a popular method to study such
molecules. However, there are systematic problems with many
theoretical models; some overemphasize bond length equaliza

Most theoretical methods reproduce the benzene geometry
well, but the aromatic stabilization energies [ASE, based on

NMR and X-ray studies showed thhis aromatic, based on
only slightly alternating bond lengths (1.31.42 A)1® the
‘downfield 'H-NMR chemical shifts of the ring protons (%6
- - - - 7.9 ppm), and the upfield shift of the protons of the methylene
. ggﬁgg”&?’gh"gnﬁgﬁ?;ﬁg ;‘{(‘)‘ig%"i;‘%ﬂ'sny- bridges (0.9 and-1.2 ppm). Theantiisomer @) is nonaromatic
$ Institut fir Organische Chemie. ' as defined by strongly alternating bond lengths (+.3460 A) 16
' Computer-Chemie-Centrum. by the ITH-NMR chemical shifts of the ring protons (6.2 ppm
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Figure 1. X-ray structures of theyn1,6:8,13-bismethano[14]annulene
(1) and a derivative (7-methoxycarbonyl) afiti-1,6:8,13-bismethano-
[14]annulene Z). Selected bond lengths are in angstréfis.

as expected for a localized double bond), and the notial
NMR chemical shifts of the bridging methylene hydrogens
(1.9-2.5 ppm). The measured double bond isomerization
barrier of theanti compound 2), probably via an aromatic
transition state, is only 7.1 kcal/m#l. Hence, such molecules

Nendel et al.

bond lengths alternate between 1.33 and 1.52 A. The Julg
parameter is only one of several means to quantify geometrically
the aromaticity of a particular system. Another simple parameter
associated directly with bond lengthArp, is the maximum
deviation of the G-C bond length from the mean. Others have
usedo = Tsingle — T'double {0 @ssess bond alternatiéh’

In addition to the geometric criteria, the magnetic susceptibil-
ity exaltation (\) due to cyclic electron delocalization provides
highly important evidence for aromatici®y. A is defined as
the difference between the bulk magnetic susceptibility of a
compound gm) and the susceptibility a structure without cyclic
delocalization xw) estimated from an increment scheme
modeling A\ = ym — xm). Aromatic compounds have
significant (more negative) diamagnetic exaltations; antiaromatic
systems, on the other hand, have large (more positive) para-
magnetic exaltations; nonaromatics are not exafed.

In this paper, magnetic susceptibilities (n ppm cgs) were
calculated uniformly using Kutzelnigg's IGLO (individual gauge
for localized orbitals) method with the DZ basis set (constructed
from Huzinaga 7s3p set for carbon (4111/21) and 3s set for
hydrogen (213 and various optimized geometries. The incre-
ment values are taken from ref 24.

The individual ring systems in [14]annulenes were character-
ized by the nucleus independent chemical shifts (NICS), a simple
and efficient aromaticity probe. NICS, the negative of the
absolute magnetic shielding, was computed at various ring
centers by GIAO-SCF/6-31G* (nonweighted mean of the heavy
atom coordinates of the ring) with the Gaussian 94 program.
Negative NICS denote aromaticity-(1.5 for benzene) and
positive NICS, denote antiaromaticity (28.8 for cyclobutadiene).
Nonaromatics have negligible NICS values2(1 for cyclo-
hexane). The NICS results agree well with magnetic suscep-
tibility exaltation (A) as a criterion of aromaticity. Furthermore,
NICS has advantages ovAr It is less dependent on ring size,
and it can be used to assess the aromaticity of individual rings
in polycyclic systems. For example, the NICS values for the
five- (—21.5) and seven-membered&.3) rings of azulene
resemble those for the cyclopentadienyl anier19.4) and the

provide excellent tests for different theoretical methods and tropylium ion (-8.2)3

contribute to the debate about the importance obtframework
and thexr system on equalized bond lengths.
This work quantifies the tendency of various theoretical

Results and Discussion

Because the unsubstitut@ahti compound was not suitable

methods to overestimate or to underestimate stability and for X-ray structure analysis, the methoxycarbonyl derivative was
delocalization as compared to well-established experimental determined (Figure 1). Thsynstructure {) has C-C bond
data. The degree of electron delocalization has been characterlengths ranging from 1.37 to 1.42 A, while thati structure

ized by bond length variations (geometrical criterion) and by

(2) has bond lengths between 1.34 and 1.505%& The

magnetic susceptibility exaltations and nucleus independentcorresponding Julg parameters are 0.97 and 0.62, while the

chemical shifts (magnetic criteria). The ramifications of these

maximum deviations of the mean—<C bond lengths are 0.03

results with regard to other recent studies are discussed in theand 0.09 A, respectively. For comparison, the corresponding

final section of the paper.

Computational Methodology

Semiempirical, ab initio, and density functional computations
were performed with Gaussian 94.The MM2* force field
calculations used Macromodeél. The relative energies are zero
point energy (ZPE) corrected in the case of the fully optimized
Hartree-Fock (HF) and density functional theory (DFT)
structures. The HF ZPEs were scaled by 0.9%3%he HF,

DFT, and MP2 calculations employed the 6-31G* basis set,

unless noted otherwise.

The Julg parameter, A, is used as a measure of the degree of

bond length alternationA = 1 — (225h)Z[1—(ri/r)]2, wheren

is the number of €C bonds involved in conjugation in the
system,r; the length of individual €&C bonds, and is the
mean C-C bond lengti¥® The scaling factor 226/setsA to
unity for the structure of benzene with equat-C bond lengths
and to zero for a hypothetical localized form in which the C

values ared = 0.945 andAr,, = 0.046 A for anthracen®,and
A = 0.945 andAr,, = 0.029 A for naphthalen®. Fullerene,
the spheroidal weakly aromatic molecélehas bond lengths
of 1.38 and 1.45 A andr, is 0.05 A2 The o value is 0.07
A. Aromatics haveAr,, < 0.05 A, while nonaromatics have
Arm > 0.05 A. Therefore, theyn[14]annulene 1) is aromatic
by all these geometric criteria. Tranti isomer @) evidently
is nonaromatic on the same basis.

Thesyn(1) andanti (2) structures were fully optimized using
a variety of theoretical methods. The notatiohk, 1D, 2L,
and2D, refer to the localized and delocalized forms of isomers
1 and 2 (see Figures 24). The results for each method are
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Figure 2. MM2* structures of the localizedl{, 2L) bismethano[14]-
annulenes. Selected bond lengths are in angstroms.

described and then compared. The energies and geometries are
summarized in Tables-12.

MM2*. In a force field with no explicitr calculations like
MM2*, only localized structuresl(L and2L) are obtained. The
bridged cycloheptatriene unit is nearly flat and the cyclohep-
tadiene subunit is buckled, as in the experimental structure for
2L (Figure 2). The Julg parameters and the maximum deviation
(Arm) indicate that both geometrie & 0.52 andAr,, = 0.07
A for 1L andA = 0.53 andAr, = 0.07 A for2L) are similar
to the localized X-ray structured(= 0.62 andAr, = 0.09 A
for 2L). Nonetheless, MM2* provides an estimate of the energy
difference betweeflL and2L. Unlike 2L, 1L has unfavorable
steric interactions between the two inner hydrogens of the
bismethano bridges. They are estimated to be 8.1 kcal/mol by
these calculations.

PM3. PM3 obtains more delocalized structures than MM2*
(Figure 3). The PM3 Julg parameters &e 0.72 forlL and
A = 0.64 for 2L, compared to ah = 0.62 for the localized
X-ray structure. 2L is also 5.3 kcal/mol more stable thah.

The delocalizedlD and 2D are the transition structures for
double bond isomeri_zation; they are 9.7 a_lnd 33.0 kcal/mol above Figure 3. PM3 structures of the localizedll{ and 2L) and the

1L and 2L, respectively. The latter difference reflects the gejocalized 1D and 2D) bismethano[14]annulenes. Selected bond
substantial strain in the delocalizeati skeleton. Because |engths are in angstroms.

localized structures are favored by PM3, the difference between

2L and 2D is overestimated by 25.9 kcal/mol, based on the At the HF/6-31G* level,2L is only 0.8 kcal/mol lower in
experimental value (7.1 kcal/mol) deduced by dynartic energy tharlL. The barrier for double bond isomerization is
NMR.1* When this 25.9 kcal/mol error is applied 1D, the 4.6 kcal/mol forl and 26.5 kcal/mol foR. The error, largely
relative order is consistent with the experimental observation, due to the neglect of correlation energy, is thus 19.4 kcal/mol,

and 1D is 10.9 kcal/mol lower in energy tha2lL (Table 1). deduced from the experimental barrier (7.1 kcal/mol)Xorhis
Hartree—Fock (HF/6-31G*). The HF/6-31G* results mimic  error, 2.8 kcal/mol per electron pair, is smaller than the

the PM3 data qualitatively. The localized structurék @nd corresponding values in delocalized pericyclic transition struc-

2L) are favored in both cases, and the delocalitBdand 2D tures (3-4 kcal/mol per electron pair, i.e., the difference between

are found to be transition states (Figure 4). As indicated by the RHF/6-31G* and the measured barrfr).When the
the Julg parameteré\(= 0.41 for1L and 0.40 for2L) and the calculated energies are correctdd becomes 14.0 kcal/mol

maximum deviationsAr, = 0.07 A for 1L and 0.08 A for more stable thar2L. The relative stability order is thus the
2L), the localization is greater than that of the X-ray structure same as the corrected PM3 order (Table 1).
of 2. The delocalized structurd® (A = 0.93,Ar,, = 0.03 A) Both of the HF/6-31G*1L and 1D structures have larga

and2D (A = 0.99,Ar,, = 0.02 A) have similar parameters to  values (35.9 and—84.5), associated with aromaticity (Table
the X-raysynstructure {, A = 0.97; Ar,, = 0.03 A). 3). 2L is nonaromatic with a negligible exaltatior@.2), while
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Figure 4. RHF/6-31G* structures of the localizedl{ and2L) and
the delocalizediD and2D) bismethano[14]annulenes. Selected bond
lengths are in angstroms.

the delocalize@nti structure 2D) is the most aromatic{100.8)
of the four structures. In agreement with) the NICS values
of 1L (—13.7 for the central ring, anet8.9 and—4.7 for the
outer rings) are similar to those diD (—22.2, —17.0, and
—17.0), although they are smaller. Struct@tewith NICS =
—1.5 for the central ring and 0.3 and5.3 for the two outer
rings is definitively nonaromatic. On the other harD is
highly aromatic with NICS= —17.7 for the central ring and
—17.4 for the two outer rings (Table 4).

MP2. The MP2/6-31G*//HF/6-31G* calculatiofSpredict
that the delocalized structuresD and 2D, are 13.9 and 6.3

Nendel et al.

TABLE 1: Relative Energies (kcal/mol) of
Bismethano[14]annulene at Various Levels of Theory

syn anti
1L 1Db 2L 2D Eer®

exptk 0.0 7.1 0.0
MM2* 8.1 0.0

PM3 5.3 15.0¢10.9) 0.0 33.0 -25.9
RHF/6-31G* 0.8 5.4¢14.0) 0.0 26.5-194
MP2/6-31G* -89 -—-228(9.4) 00 —-63 134
BLYP/6-31G* —-12.3 -198(85) 0.0 —-42 113
B3LYP/6-31G* —-5.4 —14.6(10.5) 0.0 3.0 4.1
B3LYP/6-31H-G**9 —9.00 —15.2(-11.8) 0.0 3.7 3.4

aReference 142 Relative energies given in parenthesis are corrected
for the errorEe (i.e., the difference betwee?L and 1D with error
correction, i.e.,A2L — 1D) + Een). ¢ The magnitude of the error
correctionEe is defined as the deviation of the calculated barrier of
double bond isomerization from the experimental 7.1 kcal/mol (i.e.,
Eer = 7.1 — A(2D — 2L)). ¢ MP2/6-31G*//RHF/6-31G*¢BLYP/
6-31G*//RHF/6-31G* relative to BLYP/6-31G*//RHF/6-31G*B3LYP/
6-31G*//RHF/6-31G* relative to B3LYP/6-31G*//RHF/6-31G*B3LYP/
6-31H-G**//B3LYP/6-31G*. " B3LYP/6-31H-G**//RHF/6-31G* rela-
tive to B3LYP/6-311G**//RHF/6-31G*.

TABLE 2: Geometric Parameters of
Bismethano[14]annulene at Various Levels of Theory:A
(Julg Parameter, Unitless),r (Mean C—C Bond Length,
angstroms) andArp,, (Maximum Deviation of Bond Length,
angstroms}

syn anti
1L (1D) 2L (2D)
A r Arp A r Arp

exptP (0.97) (1.39) (0.03) 0.62 1.40 0.09
MM2* 0.52 1.41 0.07 0.53 1.40 0.07
PM3 0.72 1.40 0.06 0.64 1.40 0.07

(0.94) (1.40) (0.03) (0.99) (1.40) (0.01)
RHF 0.41 1.40 0.07 0.40 1.41 0.08

(0.93) (1.40) (0.03) (0.99) (1.40) (0.02)
BLYP (0.99) (1.42) (0.02) (0.99) (1.42) (0.01)
B3LYP 0.70 1.41 0.07

(0.98) (1.41) (0.02) (0.99) (1.41) (0.01)

a2 The values for the delocalized structuré®@nd2D) are given in
parenthesed.X-ray structures ofsyn and anti bismethano[14]-
annulened?6

TABLE 3: IGLO/DZ Calculated Magnetic Susceptibilities, x
(Total), and the Magnetic Susceptibility Exaltations, A
(Total, in ppm cgs) for Various Geometries of
Bismethano[14]annulene%

RHF/6-31G* BLYP/6-31G* B3LYP/6-31G*
x (total) A(total) y (total) A (total) y (total) A (total)

1L —193.1 —35.9
1D -—-2417 -—-845 -2537 —-965 -—250.2 —93.0
2L —1574 -0.2 —163.6 —6.4
2D -—-258.0 —100.8 —265.5 -—108.3 -—262.7 -—1055

a See reference 24 for the increment values.

If this correction is applied td.D, 1D becomes 9.4 kcal/mol
more stable tha2lL (Table 1).

DFT (BLYP). If BLYP/6-31G*, a local nonhybrid DFT
method with calculates all the correlation energy, is used to
optimize geometries, the localizéd and2L structures are no
longer stationary points and collapse to the delocalize@nd
2D (Figure 5). 1D is 15.6 kcal/mol more stable th&b. Bond
length equalization is exaggerated compared to the delocalized
experimentalsyn structure 1): the Julg parameters ake =

kcal/mol lower in energy than their localized counterparts. Since 0.99 (LD) and 0.99 2D), compared to the experimental value

2D is actually 7.1 kcal/mol abovelL, the MP2 single point
calculation overestimates the stability 2 by 13.4 kcal/mol.

of A= 0.97 0). The maximum deviatiom\ry, is only 0.02
and 0.01 A, compared to 0.03 A obtained experimentally for
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TABLE 4: GIAO-SCF/6-31G* Calculated NICS (ppm)
Values for Individual Rings in [14]JAnnulenes with Various
Optimized Geometries (the Ring Systems Are from Left to
Right as Shown in Figures 4-6)?

left central right

RHF/6-31G*

1L (min) -8.9 -13.7 —4.7

1D (TS) -17.0 —22.2 -17.0

2L (min) -5.3 -15 +0.3

2D (TS) -17.4 -17.7 —-17.4
BLYP/6-31G*

1D (min) —-18.0 -21.1 —-18.0

2D (min) —-17.5 -17.4 —-17.6
B3LYP/6-31G*

1D (min) —18.0 —21.4 —-18.0

2L (min) —7.2 —-2.0 +0.1

2D (TS) —17.6 —-17.6 —-17.6

@Min stands for energy minimum, and TS for transition state.

Figure 6. B3LYP/6-31G* structures of the localize@l() and the
delocalized {D, 2D) bismethano[14]annulenes. Selected bond lengths
are in angstroms.

Figure 5. BLYP/6-31G* structures of the delocalized bismethano- put a B3LYP/6-31G*//HF/6-31G* single point calculation places
[14]annulenesiD, 2D). Selected bond lengths are in angstroms. 1L only 9.2 kcal/mol (5.1 kcal/mol after correction) abai®.
B3LYP/6-31HG**//B3LYP/6-31G* single point calculations

the syn structure. The magnetic susceptibility exaltations of -
o o - were performed to explore basis set effects. The B3LYP/6-
96.5 and—108.3 indicate that both BLYP/6-31G* structures 311:+G*//HF/6-31G* energies oflL and 1D have the same

are aromatic. The same is true based on the calculated NICS . o .
relative order of stability as before. The energylbfis lowered
values forlD (—21.1 for the central ring ane-18.0 for both Y o

) X to 6.2 kcal/mol relative tdlD, 2L is increased to 15.2 kcal/
outer rings) _andZD (—17.4 vs 17.5 and-17.6). The energies mol, and the barrier to double bond isomerization is 3.7 kcal/
of the localized structures are unknown, as they cannot be

4 mol, still 3.4 kcal/mol below the experimental barrier (Table
located at BLYP. We can speculate that these energies are t00y) - after 3.4 kcal/mol error correctiodD is 11.8 and 2.8 kcal/
high due to the self-interaction error, which favors delocalized mol lower in energy thaL and1L.
structure$;3! and we can estimate the relative energies by The Julg parameter of the localized B3LYP/6-31GHti

ot ok i X . .
BLYP/6-31G* single point calculation on the HF geometries. structure 2L, A= 0.70) is larger than the experimental structure

1D is predicted tc_> be 8.5 kcal/mol lower in energy th2in (2, A= 0.62), and the delocalizesynstructure LD, A = 0.98)
after error correction (Table 1). is within experimental error of the X-ray valuel)( The
DFT(B3LYP). Both1Dand2L are minima using the hybrid  magnetic susceptibility exaltations indicate that the delocalized
B3LYP/6-31G* DFT method, where&D is a transition state,  structures are aromatic, a@® (A = —105.5) is more aromatic
in accord with experimental findings (Figure 6). However, the than1D (A = —93.0). A negligible magnetic susceptibility
calculated double bond isomerization barrier £¢3.0 kcal/ exaltation \ = —6.4) shows2L to be nonaromatié? The
mol) is 4.1 kcal/mol lower than the experimental value (7.1 kcal/ NICS values for these three structures provide the same
mol). The absolute error is thus the smallest found in the conclusions. FodD, the central ring NICS is-21.4 and the
methods studied so far, and the difference can again be used tawo outer rings have NICS= —18.0. In2D, all three rings
correct the energies of the delocalized structures. ThDss have the same NICS of17.6. On the other handL is
10.5 kcal/mol more stable tha&tl after this correction (Table  nonaromatic with NICS of-2.0 for the central ring and-0.1
1). 1L is not a stationary point on the B3LYP/6-31G* surface, and—7.2 for the two outer rings.
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TABLE 5: RHF/6-31G* Relative Energies (Ee, in kcal/mol),
Julg Parameter (A, Unitless) and Maximum Deviation of the
Average Bond Length Arp,, in angstroms) as Well as NICS
Values for Methano[10]annulene (3) and Azulene (4)
Compared with the Corresponding BLYP/6-31G* (in italics)
and B3LYP/6-31G* (in Bold) Data

RHF/6-31G*, BLYP/6-31G}, B3LYP/6-31G*
E@ A  Arn NICS(IP  NICS(2p

localized BL) 00 079 0.06 -164 —10.0
delocalized (3D) 0.2 0.95 0.03

0.99 0.02

0.98 0.02 —-17.7 —-17.7
naphthalen®e 0.95 0.03

0.95 0.04 —-11.4 —-11.4
localized @L) 00 087 004 -181 -5.9
delocalized4D) 0.4 1.00 0.01

1.00 0.01 -215 -8.3

aReference 262 NICS(1) is located at the geometrical center of the
hexatriene subunit and NICS(2) for the hexadiene moie8Linin 3D
and naphthalene, NICS(1) and NICS(2) are equal. In azuldhe (
NICS(1) refers to the five-membered ring and NICS(2) to the seven-
membered ring.

the Cy, delocalized structure with almost equalized bond lengths
is a transition state3D). Structure3L is only 0.2 kcal/mol
more stable thaBD. With B3LYP/6-31G*,3D becomes the
energy minimum, an@L is no longer a stationary point. This
holds true for the BLYP/6-31G* calculations as well. B3LYP/
6-31G*//HF/6-31G* single point calculations estim&® to

be 4.1 kcal/mol more stable th&k. The Julg parameter for
3L at HF/6-31G* is 0.79 compared to 0.95 (0.99 at BLYP/6-
31G*, 0.98 at B3LYP/6-31G*, and 0.97 for the X-ray struc-
ture** for 3D and 0.95 for naphthale?fe(the B3LYP/6-31G*
Julg parameter of naphthalene is 0.95). The maximum devia-
tions areAr,, = 0.06 A BL) and 0.03 A 8D), respectively,
compared to 0.02 A for the X-ray data and 0.03 A for
naphthalene. For the localized RHF/6-31G* struct@ile)( the
NICS values for the formal hexatriene and hexadiene units are
—16.4 and —10.0. They are smaller than those for the
delocalized B3LYP/6-31G* structure which arel7.7 for both

] ) formal six membered rings. Thus the localiZ&idis aromatic,
Figure 7. RHF/6-31G* structures of the localize@L( and4L) and albeit less thar8D

the delocalized3D and4D) 1,6-methano[10]annulen8)(and azulene
(4). Selected RHF/6-31G* and B3LYP/6-31G* (bold) bond lengths are In C_Ontras'_t to 1,6-methano[10]annu!er3), (azulene 4) has
in angstroms. been investigated at many computational levefS. As ex-

pected, RHF/6-31G* favors the localizedl() geometry inCs

Summary of Results for 1 and 2. As summarized in Table ~ Symmetry With_ strong bond Ieng_th alternati(_)_n by 0.4 kcal/mol;
1, PM3 and HF favor localized structures. Consequently, the the Cz, delocalized structuredD) is the transition state for the
calculated double bond isomerization barriers are too high double bond isomerization. At more sophisticated levels (MP2
relative to the experimental value. On the other hand, MP2 and MR-SDCI)AL becomes higher in energy thd, although
and BLYP favor delocalized structures excessively: correlated PY less than 4 kcal/mdf: These results are reproduced by our
single point computations on the HF-optimized transition B3LYP/6-311G** computations. With B3LYP/6-313G*,
structures givdower energies than the ground states. Only the localizeddL disappears upon optimization and the delocal-
B3LYP gives results close to the experimental data. After error iz€d 4D is the true energy minimum (the lowest vibrational
correction, all the methods indicate tHd is lower in energy ~ frequency is 163 cm¥), and 4L (single point B3LYP/6-
than 2L by 8.5-14.0 kcal/mol. The disfavoredL is only 311+G**//HF/6-31G¥) is 2.6 kcal/mol higher in energy than
slightly higher in energy tha@D, but 2.8-5.1 kcal/mol at the ~ 4D. The computed Julg parameter 4if is smaller than that
B3LYP level. Note thaflL resembledD rather thargL, and of the delocalized structurdD) at both HF and B3LYP levels
maintains much of the delocalization and aromaticity. (Table 5). On the basis of the results of the localizédand

1,6-Methano[10]annulene (3) and Azulene (4)The 107 3L, which are both aromatic, the localized azulefle is _
bridged annulene, 1,6-methano[10Jannul@evas synthesized expected to be aromatic as well. The NICS va[ueg for the five-
in 1964 by Vogel. A variety of semiempirical and ab initio @nd seven-membered #L of —18.1 and—5.9 indicate the
calculations are available, most aimed at comparisons of bicyclic &/omatic character as compared with the valueé®»{—-21.5
and tricyclic valence isomers, or homoaromatiétyCompound vs —8.3).
3 has been reexamined here, and the results reinforce the
conclusions derived here for the [14]annulene system. Consequences

With RHF/6-31G*, the localizedCs structure 8L) with All the common quantum mechanical methods employed,
alternating single and double bonds is an energy minimum; andPM3, RHF, BLYP, and B3LYP, have some systematic difficul-
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