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We report a theoretical study of ring systems that delocalize electrons in a cyclic array of p orbitals
arranged tangentially in-bonding fashiono-Bonded arrays are compared to conventianddonded
analogues with respect to orbital symmetry and aromatic/antiaromatic behavior. In a one-to-one
correspondence betweanand tangential molecular orbitals of a cycle, local rotation turns eattha
tangential basis function, changing bonding interactions to antibonding and inverting the order of filling
of molecular orbitals. The ipsocentric ring-current mapping approach is used to evaluate aromaticity on
the magnetic criterion. As for conventionalring currents, the-ring current in tangential-pp bonded
systems is dominated by the HOMQUMO transition, corresponding to circulation of four electrons in
diatropic (4 + 2)-electron cycles but two in paratropicnjdelectron cycles. The systems examined here
utilize either C 2p or Si 3p orbitals for delocalization. Although interchangeable with C with respect to
the fundamental orbital symmetry and ring-current rules, Si bonds at greater internuclear distances, a
feature that allows easier design of potentially stabsromatic structures. Calculations show the wheel-

like Sii;oCsoH7o Structure6 as a stable, neutral aromatic molecule with a diatropic ring current following

the o-bond path formed by Si 3p orbitals.

Introduction

Theoretical studies of s aromatic or potentially s aromatic
cluster ions have steadily appeared over recent yetihese
ions may be divided into smalb2electron systems such ag™H
and L+ where aromaticity (if present) is based on s orbiedls
and more complicated systems, exemplified by?Al where
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the aromaticity has been variously describedras, or even
mixedo/r.1¢~" For these systems, reliable ring-current mapping
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554. (b) Havenith, R. W. A.; De Proft, F.; Fowler, P. W.; Geerlings, P.
Chem. Phys. Let005 407, 391. (c) Li, X.; Kuznetsov, A. E.; Zhang,
H.-F.; Boldyrev, A. |.; Wang, L.-SScience2001, 291, 859. (d) Kuznetsov,
A. E.; Boldyrev, A. |; Li, X.; Wang, L.-SJ. Am. Chem. So@001, 123
8825. (e) Kuznetsov, A. E.; Corbett, J. D.; Wang, L.-S.; Boldyrev, A. I.
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technique3 have been used to establish aromaticity, anti-
aromaticity, or the lack thereof. A benefit of this approach is
that specific orbital contributions to the ring current can be
identified, thereby revealing which sets of electronsof )

are magnetically active. Among the interesting findings of the

ring-current studies is that diatropic and paratropic circulations /
can lead to aromaticity phenomena that may contradict or <

amplify simple electron counting rulés.

Theoretical research on aromaticity in organic molecules is
generally dominated by studies of the many subtleties of
m-electron delocalization in, for example, benzenoid molecules,
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FIGURE 1. Arrangement for cyclie-bonding, using trigonal-planar

porphyrins, and so on. Ring-current mapping has shown greatgroups (e.g., Ckland SiH) oriented to allow tangential-pp orbital

explanatory power for the-aromaticity of organic molecules
and has the potential to do likewise foraromaticity where
present. o-Aromaticity is not much considered in organic

overlap.

structures in the present work are cyclic variants of structures

chemistry. Notable exceptions are in accounts of the electronic previously proposed for the-allyl cation/ a linear species.

structure of cyclopropane and related ring systémgere
o-aromaticity has been invoked, and of mixelk aromaticity
in certain homoaromattcmolecules or ions and certain peri-
cyclic transition statés(although the degree to which long-
range overlap of p orbitals in such systems is of @r z-type

is not always given any particular attention).

Here, we investigate-aromaticity based solely on p orbitals
interacting end-to-end in a-fashion that may lead to electron
delocalization and ring currents. The fundamental building
blocks we use are those typicalmefaromatic systems, namely,
planar or near-planar three-coordinaté-epbridized atoms (C

or Si, the latter having practical advantages, as explained later).

The simplest example is a set of eight trigonal-planars CH
groups arranged to form a-€C bonded ring. Using DFT theory

Theory indicates that a fully delocalized [Ssi—Si]*™ o-allyl
array may be easier to achieve than an analogousJ€C]*
array, presumably because-Si interactions can occur over
greater distances than<C interactions. This interpretation is
supported by the theoretical findihthat a symmetric [EH—
C—H—C]* five-center four-electron-delocalized array has an
overall length not much different from that of a proposed{Si
Si—Si]* three-center two-electron array. For that reason, we
focus mainly on structures based on Si 3p orbitals in the
o-delocalized system, although we show that the same principles
apply to systems using C 2p orbitals.

Experimental Section

and ring-current mapping techniques, we examine the electronic  Structures. All the structures considered in this paper are shown
structure that results from arranging these units in tangential in Figures 2-4. Geometry optimizations were performed at the

p—p bonding arrays (Figure 1). We focus particularly on the
symmetry properties of the-delocalized MOs, the ability of

tangential p-p bonds to support a ring current, the ring-current
circulation patterns (including contributions from specific MOs),

and the nature of the diatropic and/or paratropic excitations that

may form o-aromatic or g-antiaromatic ring currents. An
additional goal of the work was to design a potentially real
o-aromatic molecule (i.e., without using symmetry constraints

to enforce the desired orbital interactions). Particularly interest-
ing would be such a molecule that was also electrically neutral,

B3LYP/6-31G** leveP using Jaguar 59 or Gaussian 98, revision
A.9.11 For structuresl—4, it was necessary to employ symmetry
constraints to maintain a cyclic array of planar £ SiH; units.
Structures (but not5?*) and6 were found by vibrational frequency
calculations to lie in minima of the potential surface (i.e., to have
no imaginary frequencies).
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FIGURE 2. Model structures (a}, (b) 2, (c) 3, and (d)4, optimized at the B3LYP/6-31G** level of theory. (Not shown are the very similar
dicationic analogue$?*,... etc.). Symmetries af@4, (1 and2) andDs, (3 and4).

FIGURE 3. B3LYP/6-31G** optimized structures d§ (D, symmetry), left, and?" (D, symmetry), center. A side view &, with hydrogen
atoms removed for clarity, is also shown on the right (the very similar side viesvi®hot shown).

Current Maps. Maps of current density induced by an external
magnetic field were computed in the ipsocerf&i@pproach using
the 6-31G** basis for the model systemig", 22+, SijgHzg*"
(structured?* in the +4 oxidation state)5?* (six electrons in the
tangential p-p o-system)2 (eight electrons), an@ (10 electrons).

In the ipsocentric approach, implemented in the SYSMO progfam,

(12) Lazzeretti, P.; Zanasi, RSYSMO package University of
Modena, 1980; with additional routines for evaluation and plotting of
current density by E. Steiner, P. W. Fowler, R. W. A. Havenith, and
A. Soncini.

also known by the acronym CTOCHDZ (continuous trans-
formation of origin of current densitydiamagnetic zero), the
induced current density at a given position is calculated with that
point as the origin of vector potential. The maps were plotted in
the plane of the central ring of heaviest atoms (or in the case of
52+ and6, in the median plane) and show the current induced by
a magnetic field perpendicular to the plotting plane. Arrows
represent the in-plane projections of the current density, and
contours correspond to its total magnitude. Diamagnetic
(= diatropic) circulation is shown as anticlockwise and para-
magnetic & paratropic) as clockwise.

J. Org. ChemVol. 71, No. 17, 2006 6461
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FIGURE 4. Front and side views of the B3LYP/6-31G** optimized O
structure of6 (Ds symmetry). The side view has had hydrogen atoms , O

removed for clarity.

Results and Discussion

First, we present an overview of those orbital characteristics

of tangential p-p bonding that may influence aromaticity. Next, o O @ L @ @ -

we describe the specific molecular structures studied and finally Q - - {:} 0 a

discuss the computed ring currents for those structures. ) “
Orbital Symmetry and Excitations of Cyclic o-Bonded p ) )

Orbital Systems. The ipsocentric account of ring current in FIGURE 5. Molecular orbital and energy level diagram for cycles of

- ~ . ; eight and 10 atoms supporting(right) and tangential (left) systems
conventionatz-monocycled relies on the connection between of p orbitals. Symmetries, labeled according to the point grddps

Sy'mmetry and angula'r mlomentum. Contr'lbutlons to rng Cl:,lrrent (eight—ring) andDs, (10—ring), node COUntQ(I, as defined in the text,
arise from virtual excitations from occupied to empty orbitals. and occupancy of charge-neutral systems are shown. The arrows denote
The product of orbital symmetries governs the type of ring the transitions from occupied to empty orbitals, which in the ipsocentric
current: if the product contains the symmetry of an in-plane model determine the induced current: straight arrows indicate diatropic
translation, the contribution has a diatropic sense; if it contains transitior_ls aIIow_e_d by translational symmetry, and bent arrows indicate
the symmetry of the in-plane rotation, the contribution has a Paratropic transitions allowed by rotational symmetry.
paratropic sense. If the product contains both symmetries, the
contribution is of mixed character, often an indicator of 5 gmall probability and will not disturb the essential four-
localization of current. In the expression for the current, glectron, diatropic nature of the ring current.
contributions are weighted by an energy denominator, and sO Fqr a 4 z-electron monocycle oN atoms, the maximum
it is .the HOMO-LUMO and other frontier excitations that point group is agaiDyy, but in this symmetry, the system would
dominate the total valence curréfit. have an open shell that would close on geometric distortion. In
For z-conjugated monocycles in high symmetry, the frontier D), symmetry, achieved, for example, by adopting bond or
molecular orbitals can be classified by angular momentum, and angle alternation or by rearrangement of attached groups, the
the selection rules for diatropic/paratropic current can be HOMO and LUMO levels, corresponding to the same parent
translated into those terms. For the equilateral monocycle, anangular momentum iy, symmetry, become nondegenerate,
excitation that corresponds to a change of one unit angular separated by a gap that is typically small. The HOMQMO
momentum gives a diatropic current, whereas an excitation thatexcitation is therefore rotationally allowed and is weighted by
corresponds to no change in angular momentum gives aa small energy denominator, so that it gives rise to an intense
paratropic current. For-systems, this is effectively a node- two-electron paratropic ring current. Other transitions (e.g.,
counting argument: if the number of angular nodes changesHOMO—-LUMO+1 and (HOMO-—1)—LUMO) become al-
by one from HOMO to LUMO, the excitation is translationally  lowed by symmetry (Figure 5), but their contributions to the
allowed; if it does not change, the excitation is rotationally current are typically weaker.
allowed. The dichotomy between diatropic aromaticcycles and
Thus, for a (4 + 2) z-electron cycle olN atoms described  paratropic antiaromatict-cycles is thus explained by the
in Dy symmetry, the only contribution to ring current arises difference in the HOMG-LUMO symmetry product. Straight-
from the HOMO-LUMO excitation, which corresponds to a forward extension of this reasoning shows the pattern to be
translational transition and hence a four-electron diatropic expected of tangential-gp o-systems.
current. In a lower point group, such Bgujn, extra transitions There is a one-to-one correspondence betweemnd tan-
become allowed by symmetry. These include a rotational gential molecular orbitals of a cycle. Each Ipasis function is
HOMO—-LUMO transition and various other transitions of turned into a pbasis function by local rotation of 9Gabout
higher energy (see middle column of Figure 5). Where mixing the radius vector. Such a rotation has the effect of interchanging
of angular momentum remains small, these transitions will have every bonding and antibonding interaction along an edge of the

6462 J. Org. Chem.Vol. 71, No. 17, 2006



Ring Currents in p-p Bondedo-Aromatic Systems

cycle. The energy level diagram is thereby exactly inverted.
The sequence of filling of levels in both cases folloks 0,
1, 2,..,N/2, wherek is the number of nodal lines, counting only

those lines that either cut through edges of the cycle or create

zero coefficients on vertices. For an(4 2) tangential system,
the HOMO hask = n and the LUMOK = n + 1; for a 4
system ofz or tangential type, the HOMO and LUMO both
have k = n. The correspondence carries over into orbital
symmetries (see Figure 5). For the conventionalystemk is
equivalent to an angular momentum quantum numbeand
orbital energy is increasing with; for the tangential system,
the orbital energy still increases with but now the angular
momentum isA = N/2 — k, so that the energies in fact decrease
with A.

The symmetry spanned by the whatebasis and therefore
the 7-molecular orbital manifold is

I'(m) =T'(0) x I'(Ty)

whereI'(0) is the permutational representation of the vertexes
of the cycle (with charactey,(R) equal to the number of vertices
unshifted by operatioR) andI'(T7) is the symmetry of the out-

JOC Article

TABLE 1. Selected Computational Results for Small Model
Structures 1—42

C—-C-C/Si=Si—Si

B3LYP/6-31G** C—C or Si—Si angles (deg)

structure  energy (Hartree) distance (A) (see diagram)
1, CgHa4, Dsh —318.76353 2.407 A=153.0B=117.0
12+ —318.24117 2361 A=1474B=1311
2, SigH24, Dsh —2329.99431 2850 A=152.1B=1179
22+ —2329.47407 2.884 A=149.2B=120.8
3, CioH30, Dsh —398.54196 2.368 A=150.9B=137.1
3%t —397.98572 2339 A=151.9B=136.1
4, ShoHzo, Dsh —2912.54935 2.825 A=152.3B=135.7
2+ —2912.00383 2.810 A=153.2B=134.8
H
HX A H B XH,

' '
' '

a2 The diagram shows the definition of theand B angles, which vary
depending on whether the in-plane-X bond of the central heavy atom is
directed into or out of the ring.

of-plane translation. This symmetry correspondence is at the staggered hydrogens. This places all the heavy atoms in the

heart of the pseuda-method for estimation of ring currerds.
The basis of tangential prbitals, and the set of MOs derived
from them, spans

T(t) = T(7) x T(e)

same plane. In fact, the sét-4 includes eight structures, each
separately optimized in the O areR oxidation states (e.gl,

12+, 2, 22F, _etc.). Table 1 gives selected data for these structures
computed at the B3LYP/6-31G** level. The«LC distances are
0.4-0.5 A shorter than the analogous-Sii distances, whereas

whereT'(e) is the nondegenerate pseudo-scalar representation !l C—H bond distances are about 1.09 A and at-Bibond

with characters+1 under proper and-1 under improper

distances about 1.461.47 A. The eight-membered ring di-

operations.I'(¢) represents a concerted local rotation at all cations have six p electrons, and the 10-membered ring neutral
vertices in a uniform sense and, for axial point groups, is a Molecules have 10 p electrons, and so they are potentially
product of the symmetries in-plane rotation and out-of-plane Huckel 4n + 2 aromatic, whereas the eight-membered ring

translation

I'(e) = [(R,) x I(T,)

neutral molecules and 10-membered ring dications have eight
p electrons and are potentially kel 4n antiaromatic. There
is, however, no clear pattern oh4t+ 2 species having shorter
C—C or Si—Si bonds than theirftanalogues. Less surprisingly,

Therefore;r and tangential bases are related by a nondegeneratehe C-C or Si—Si distances tend to be longer in the eight-
symmetry and, taking into account the inversion of the energy membered rings than in the 10-membered rings, presumably

levels, we have

Thomo(t) = T'ymo () x T'(e)
and

I umo(t) = Fhomo() x T'(e)
and therefore

Thomo® X Tiumo(®) = Thomo(®) x T'ymo()

This simple result for the symmetry product implies that the
symmetry rules governing allowed transitions are exactly the
same inr and tangential systems. Ar{4+ 2) tangential cycle
should have a four-electron diatropic ring current arising from
translationally allowed HOM©LUMO transitions, and a
tangential cycle should have a two-electron paratropic ring
current arising from the rotationally allowed HOMQ.UMO
transition. According to the ipsocentric orbital model, the
magnetic criterion of aromaticity for tangential anesystems
should therefore follow the same Ekel rules.

Structures. The small model structures—4 (Figure 2) are
constructed of planar CHor SiH; groups arranged to form
eight- or 10-membered rings Dy, or Ds, symmetry with all-

due to angle strain. These simple structures provide a basis for
several comparisons (C vs Si, eight-membered rings vs 10-
membered rings, neutral species vs dications), as well as an
uncluttered picture of the fundamental interactions.

The large cage structufe was optimized in the O and-2
oxidation states (e.g.5 and 5" (Figure 3)). As5, it is
potentially eight-electrons-antiaromatic, and a&™, it is
potentially six-electrom-aromatic. The hydrocarbon framework
has two two-carbon bridges connecting adjacent pairs of Si
atoms and one four-carbon bridge. Having bridges of different
lengths results in bending into a cyclic structure, where the
shorter bridges form the innermost portion and the longer bridges
form the periphery. The resulting molecule resembles a wheel
with spokes or, when viewed from the side, a flying saucer
because it is thicker near the middle than at the edges. Figure
3 also shows that the Si atoms5h* form a ring that zigzags
above and below the mean plane of the molecule:b6y26 A.

A feature of the framework surrounding the Si atoms is that
the Si=Si distances can vary without disturbing the rotation
axis (in the case o6 and 5"t a 4-fold axis) normal to this
plane. InD4 symmetry, the StSi distances alternate, but there
is a possibility to reactDsq symmetry with eight equivalent
Si—Si distances. The neutraloptimizes toD, symmetry, with
relatively pronounced SiSi alternation (distances of 2.152 and

J. Org. ChemVol. 71, No. 17, 2006 6463
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TABLE 2. Selected Computational Results for Large Framework Structures 562

structure method energy (Hartree) —Sji distances (A) StSi—Si angle (deg)
5, SigCaoHse, D4P B3LYP/6-31G** —3873.311656 2.152,2.731 128.8
5 C HF/PM3 0.225381 2.342,2.211 132.6
5, DsP B3LYP/DGDZVP —3873.190537 2.151,2.747 128.9
5+, D B3LYP/6-31G** —3872.879862 2.311, 2.488 128.2
5+, C, HF/PM3 0.782715 2.327,2.328 129.9
5+ Dy B3LYP/DGDZVP —3872.746215 2.294,2.534 128.5
6, Si;oCsoH70, C1 B3LYP/6-31G** —4841.674999 2.182, 2.683 136.8
6, Dsd? HF/PM3 0.347004 2.261 141.6
6, CohP B3LYP/DGDZVP —4841.486812 2.376, 2.383 137.4
6, CohP B3LYP/LANL2DZ —1985.011096 2.399, 2.405 138.3

aDespite some SiSi distance variation, all SiSi—Si angle variations were insignificant, even @ and Ca, symmetry.? After optimization inCy
symmetry, the structure approached this point group very closely; the structure was then reoptimized using the stated $Bhoretong Si-Si distances
with insignificant variations from the stated values (i.e., closBi@ymmetry for5 andDqq for 57F). @ At this level of theory, the structure collapsed to an
oval-shaped structure with two separated charges when the symmetry constraint was ré@epachtely averaged short/long-Si distances; five distances
from 2.181 to 2.183 A and five from 2.629 to 2.637 A. The symmetry was increadegittosimplify the B3LYP/6-31G** SYSMO ring-current calculations.
f Separately averaged short/long-Sii distances; with six bonds from 2.376 to 2.377 A and four at 2.388%eparately averaged short/long-Si distances;
with six bonds from 2.398 to 2.399 A and four at 2.405 A.
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FIGURE 6. Comparison of HOMO contributions to current density induced by a perpendicular magnetic field i)' €L+, Dan, €, HOMO),
(b) SigH242" (2*, Dan, &4 HOMO), () SioHso*" (coordinates oft™ but in the+4 oxidation stateDs,, € HOMO), and (d) SiCsoHse?t (57, Da,
e, HOMO). Current density is plotted in the plane of the carbon nucleilfdr, the plane of the silicon nuclei f&@" and4**, and the median
plane of the silicon nuclei fob**, respectively.

2.731 A) and hence three-SC and one StSi bond per Si. In has to do with aromaticity, namely, thaavoids eight-electron
contrast, the optimization &+ preserveD, symmetry, but antiaromatic character by localizing four-S8i bonds and that
with considerable reduction in the-S8i distance (distances of 57" maximizes six-electron aromatic character by delocalizing
2.311 and 2.488 A, cf. the-allyl catior’®), so that each Si Si—Si bonding. An alternative explanation is just that charge
appears to participate in three-8% and two StSi bonds. This dispersal (not aromaticity) provides the driving force to de-
behavior could be explained in two different ways. One of these localize Si-Si bonding in5™*. The ipsocentric calculations help
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FIGURE 7. Orbital contributions to current density in contrasting paratropic and diatropic systems (a) and comparison of HOMO and HOMO-1
SigH24 (2, Dan, big HOMO) (b) and SicHso (4, Dsh, €12 HOMO) (c). Plotting conventions as in Figure 6.

us choose between these explanations, showing (vide infra) ain the plotting plane and is dominated by the contribution of

diatropic ring current irb*™. the HOMO electrons, occupying tangential-p bonding
Finally, there is structured, where the same type of orbitals. In most cases, only the map of the HOMO (or HOMO

framework as in5 is used to hold 10 silicon atoms in a ring. pair) is shown in the figure, but all-electron current maps and

Again, one sees (Figure 4) the wheel-like flying saucer structure, HOMO orbital contour plots are made available as Supporting

and the Si atoms i form a ring that zigzags above and below |nformation (Figures S1S6).

the mean plane of the molecule #§.25-0.26 A. Significantly, Model systemsl*+ (Figure 6a),2"*, (Figure 6b), and

in this case, a neutral molecule is potentiaitaromatic without ;14 4+ (Figure 6¢) have six electrons in tangentialyorbitals

the need for symmetry constraints to hold the structure '[oge'[her.and exhibit a pronounced diatropic current. The total current

I o-aromaticity I fouf‘d inG, there V.V'” be no potential (Figures Sla, S2a, and S3a, Supporting Information) is es-
confusion with charge dispersal. A possibly important structural - S T T
parameter fob is the degree to which the optimized structure sentla.lly |nd|st|ngwsrfble fro+r11 the HOMO contrlt.)utlonﬂ(sym-
approachedsy symmetry (10 equal SiSi distances) versus metry: & (Dan) for 17" and 2™ andéy (Dsn) for SisoHsg™).
Ds or lower symmetry (alternating SiSi distances). As shown The D4 cage5*, in which a nonplanar ring of eight silicon
in Table 2, the precise point group found ®waries fromCy atoms is clamped by a large carbon superstructure, shows an
to Dsq depending on the method of calculation. Of several extended and complex pattern of total current in the median
method$? tested for6, all but B3LYP/6-31G** predicted very  plane (Figure S4a, Supporting Information). The outer parts of
little bond alternation. this pattern are combinations of localized circulations in bonds.
Ring-Current Maps. Figures 6-8 show ring-current maps  As the proposed tangentiatp o-bonds between Si atoms are
for selected model systems. In each case, a ring current is seercut by the median plane, the central current vectors have a
bunched appearance where they flow through the plotting plane
(13) (a) Stewart, J. J. B. Comput. Cherr989 10, 209. (b) Hay, P. J.; alternately from above and below. The central region is
Wadt, W. R.J. Chem. Phys1985 82, 270. (c) Wadt, W. R.; Hay, P. J. dominated by the contribution of they HOMO (Figure 6d),
Chem. Phys1985 82, 284. (d) Hay, P. J.; Wadt, W. R.. Chem. Phys . .
1985 82, 299. (¢) Godbout, N.; Salahub, D. R.; Andzelm, J.; Wimmer, E.  Which accounts for essentially the whole of the all-electron
Can. J. Chem1992 70, 560. current in that part of the molecule and has all the characteristics
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density induced by a perpendicular magnetic field innGiH7o structure6 (idealized toDs, sSymmetry). The plotting plane here is the median plane

of the silicon atoms. Other plotting conventions are as in Figure 6.

of a four-electron HOMG-LUMO diatropic ring current, as
expected for an aromatic six-electron system.

SigH24 (5) has eight electrons in tangential-Si bonding
orbitals with ab;g HOMO andb,g LUMO; there is a pronounced
paratropic ring current (Figure S5a, Supporting Information),
which is dominated by the two electrons of the HOMO (Figure
7a), opposed by a weak diatropic contribution from tye
HOMO-1 orbital pair (Figure 7b).

ShoH30?" at the equilateraDs, geometry would have a@/g)?
open shell. However, with tetra-cationic and neutral electron
counts, and retaining the geometry of the dicationgt&ic*"
(Figure 6¢) and SiHso (Figure 7¢) both show diamagnetic,
HOMO-dominated ring currents. All electron current density
maps and orbital contour plots for@sg*™ and SigHzp are
shown in Figures S3 and S6 (Supporting Information).

Si1oCsoH70 (6) has Dsg symmetry and 10 electrons in
tangential SiSi bonding orbitals with ae,, HOMO pair and
&y LUMO pair. The total current pattern in the median plane
of the molecule shows overall diatropic flow (Figure 8a),
although with returns and eddies in the region of the supporting

6466 J. Org. Chem.Vol. 71, No. 17, 2006

carbon framework. However, as expected from the electron
count, orbital analysis shows that there is a pronounced HOMO
diatropic ring current (Figure 8b) running around the central
silicon crown and following the lines of the S8i o-bonds.
The intensity of thiso-current expressed as the maximum of
the current density per unit inducing field is 0.107 au (where
the benzene-current at lag above the molecular plane is 0.08
au). The 100 core orbitals make essentially no contribution to
the map in this plane. Contributions from the other occupied
orbitals are individually small but sum up to a pattern of
circulation outside the silicon center of the cages shown by
the analysis of total induced current density into HOMO and
HOMO complement contributions in Figure 8.

Conclusion

To summarize, we see that the orbital symmetry rules
established for tangentially4p bondeds-delocalized systems
account for all observation&!, 2+, SiygHzg* * (derived from
41), 57 and6 are (4 + 2) systems and indeed are diatropic
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with a HOMO dominated four-electron ring current. The orbital case with5™*). The superstructure used 51" and6 was not
contribution and the total current density are almost indistin- the result of extensive design studies, so it may be far from
guishable in the region of the ring of heavy atoms. Compound optimal for encouragings-aromatic overlap; but given the

2 is a 4 system and again shows the features expected frominternuclear St Si distances involved in this case, it is unclear
the model: a paratropic total current, domination by the two- how readily o-aromaticity via tangential pp bonding might
electron HOMO contribution, and an opposing but weak be achieved using C instead of Si. However, an alternative
diamagnetic current arising from the four electrons of the strategy using H atoms to bridge gaps between C atomght
HOMO-—1 level. These results are all fully in line with & ekel- result in interestingr-aromaticity of hydrocarbons, based on
like rule for electron counts of the 4p bonding sub- tangential overlap of C 2p orbitals with H 1s orbitals.

system: (4 + 2) cases show diatropic andhjdases paratropic

ring currents, indicating aromaticity/antiaromaticity in the Acknowledgment. Financial support is gratefully acknowl-
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If aromaticity is measured on the magnetic criterion, the  Supporting Information Available: B3LYP/6-31G** opti-
present calculations indicate that consideration of tangentipl p ~ Mized Cartesian coordinates for all structures. Current density maps
overlap of Si atoms can be used to desigaromatic systems.  (@ll electron maps and HOMO contributions) and orbital contour
Structure6 is a particularly notable example of this, showing a PlOts for structured™, 2*+, 4™, 5%, 2, and4. This material is
o-aromatic ring current despite the absence of charge(s) thatavallable free of charge via the Internet at http://pubs.acs.org.
might tend to aid electron delocalization (as is presumably the JO060788P
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