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The “nonbonding” or n-orbitals of two tetraazanaphthalenes cannot be satisfactorily analyzed using the
conventional model of through-space and through-bond interactions between nitrogen lone pairs, as this
approach does not adequately explain the energy ordering of the n-orbitals in molecules such as 1,4,5,8-
tetraazanaphthalene and 2,3,6,7-tetraazanaphthalene. An alternative computational approach is presented, in
which the electronic structure of these molecules is viewed as arising from substitution-induced perturbations
to the parent molecule, naphthalene. Semiempirical calculations at the CNDO/S level show that the n-orbitals
can be understood in terms of perturbed naphthalenesligibitals, often with significant contributions from
o*-orbitals. This approach has been found to be instructive and quantitative, with potential applications to a
wide range of related molecules.

I. Introduction between them, since through-bond interactions may augment,
. . . reduce, or even reverse the through-space splittings. Through-
Lone pairs are a characteristic feature pf heterocycllc bond interactions, which involve mixing between n- and
molecules and have profound effects on their chemical and ;_orpitals, may introduce some bonding character into the lone
physical properties. For example, they strongly affect the nairs and thus they may not be exclusively nonbonding orbitals.
electronic absorption and emission spectra of many compoundsnteractions involving n-MOs become increasingly complicated
and the detailed analysis of these spectra typically requires g gificult to study in molecules with more than two nitrogens,
knowledge OI the energies and properties of one or more 5, indeed our experimental and computational studies of the
(%, n) states: This paper investigates the “nonbonding” or = gjectronic spectra and structures of 1,4,5,8-tetraazanaphthalene
n-orbitals that constitute the lone pairs in two symmetric (1458-TAN; see Figure 1 for the numbering scheme) and
tetraazanaphtha_lenes and demonstrates a compL_JtationaI approa@,&6,7—tetraazanaphthalene (2367-TAN) reveal that earlier ap-
that COU|d_ profitably be used on a much wider range of proaches to rationalizing the formation of n-orbitals is too simple
heterocyclic compounds. and a more consistent and quantitative approach is required.

h A ht?l\tlerocycle thlat contglntshtvl/o or more'nlt.rolge'n ?tomts WHI] The tetraazanaphthalenes are of particular theoretical interest
avre] tr? or mdor?thonteh palrsb_t zli _ca{]h, in prllncul) e,Eln ?ractV\g_ as they contain four nitrogen atoms substituted into a naphtha-
each other and with other orbitals In the molecule. Earlier Sludies o e framework in a range of different patterns. The 13 different

of these interactions have raised important questions about howarrangements possible for these four nitrogen atoms, with two

ti;e;hlnteractllons Imanlfzstththenlseltvtes "ll.ﬂ;]el eIeCtrO.mclSpteCtraheteroatoms in each ring, lead to a variety of possible interac-
orthese molecules and the extent 1o which fone-pair €1eclronS 5 of the nitrogenic n-orbitals and provide an excellent

remain localized on the nitrogen atoRsA related question is opportunity for systematically studying these interactions. In

the extent to which the heterocycle is aromatic, given the : :
tendency of the nitrogens to IocaI)i/ze charge at the gxpense Ofpamcqlar, the n-MOs of 1458-TAN haV(_a long been recognized
. . as an important test cad&ven though this molecule and 2367-
the delocalizedr electrons. A number of_ different approaches _TAN both belong to thda point group, they are expected to
hav_e been used to study the interactions petweep Ione_—palrhave very different patterns of splitting for their four n-M®s.
orbitals. The most common school of thought is that in the first In the case of 2367-TAN, there are two pairs of adjacent
instanc‘_-:‘ there is a direct or “through-space" interaction between nitrogens which should intéract strongly through space owing
tmhglgésllglsc’)rll;tafllsn%\;%gf _];%rgr‘gt'grne Oatlévgq‘t?\rronl]g;\?bg-r\tgee to thfe extensive overlap of the'ir orbita]s; there would, hqwever,
interactions between thesé MOs and dhkonding framework _be virtually no through-space interaction bet_ween the nitrogens
f the molecule; these interactions are believed to occur onl in the 2 and 7, or 3_’_and 6 positions (see_ Flgure_l). For 1458-
8 bi I, hat h h d simil y TAN, the only significant through-space interaction would be
etween orbitals that have the same symmetry and similar between the lone-pair orbitals located on the nitrogen atoms in

zzgig'ez' “Ttgﬁ r%?litleo;}{\esee I\;V(V)os t)_/l_phees SOf";[;;erarg[f'lzgfs'fh:n the 1 and 8 positions, and the 4 and 5 positions. The separation
gy spiting yp : PIting of the nitrogen atoms in the 1 and 4 positions is too great for

magnitudes of the two types of interaction, and the balance any appreciable overlap to occur, and in any case, the lone-pair

orbitals point in opposite directions. For both molecules, there

* Towhomall correspondence should be addressed. E-mail: lacey_a@chem,, i inifi - i i i
usyd.edu atl Phone.6L 2 9351 3105, Faxi61 2 9351 7098, will also be S|gn|f|car_1t through bond interactions, a_nd indeed
* University of Sydney. for 1458-TAN these interactions are predicted to give a large

* University of Western Sydney. and distinctive splitting of the n-type MGsThese predictions
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M (z) TABLE 1: CNDO/S-CI Calculations for the Excited
8 1 Electronic States of 1458-TAN
2
7 wavelength wavenulmber transition
_ H 1 a
p 3 L(y) (nm) (cm™Y) symmetry polarization type f
4 4 434.7 23003 B b 7 —n
356.1 28081 Bu N m*<—n 0.014
N (x) 308.1 32456 By L n*—m  0.386
} , 272.0 36760 By b e
Long (L), Median (M) (in-plane) 267.0 37451 A b a*—n
Normal (N) (out-of-plane) 256.9 38923 By b a*—n
; ; ; 233.6 42817 By M 7 —mx  0.005
Figure 1. Molecular numbering and axis labels. 9302 43433 A b e
. - 206.1 48528 B M a*—mx  0.752
are supported by experimental G¥Visible spectra, but as shown 199.9 50019 B N T —n  0.0002
below, this simple dissection of n-orbital interactions into 192.6 51914 A b % ~n
through-space and through-bond components is on the whole 191.2 52289 By b s
188.6 53013 By L o —mx 1410

both difficult and unsatisfactory. A more systematic and
quantitative approach is proposed, using semiempirical MO  2f = predicted oscillator strength of the transitidrDenotes a
calculations in the first instance. forbidden transition.
MO dca'cgla“o.rt‘s e “?ed 9Xt?”f've'¥ for ICharlaCte”Z'”g Itlhe TABLE 2: CNDOJ/S-CI Calculations for the Excited

ground and excited electronic states of molecules, as well asgjectronic States of 2367-TAN

their normal vibrational modes. Ab initio and semiempirical SCF
programs have been used to predict transition energies, band"
intensities, oscillator strengths, and band polarizationstfor

avelength wavenumber transition
(nm) (cm™) symmetry polarization type fa

— nandx* — x transitions? Semiempirical calculations using gﬁ'g g?ggg % B ;i _ 2

the CNDO methodology with configuration interaction (CNDO/ 310.7 32186 B, N o —n 0024
S-Cl) are fairly reliable for small to medium-sized molecifiés, 280.5 35646 A b a*—n

and we are currently testing their applicability to larger and more ~ 266.1 37579 B, L wr—x 0120
complex molecules such as the tetraazanaphthalenes, including gg;g ﬁé% % ’a z* :2 0.124
1458-TAN, 2367-TAN, and 1358-TAN (pterldlné)ln mol- 222:4 44965 B b T* —n '
ecules with adjacent nitrogen atoms, such as 1,2,3-tridzine,  209.1 47835 A b ¥ <= n
semiempirical predictions have not been so reliable. This may  203.1 49245 A b s

also be the case for 2367-TAN, but the limited experimental 7994 e B, Moo 9ot
results that are available do not allow us to see how accurate 74,1 52058 % M Z* H; 0.733

the calculations are for this systéfhHowever, good results ) ) N
for 1458-TAN have encouraged us to persist with this approach . °f = predicted oscillator strength of the transitidrDenotes a
and extend the CNDO study to the n-orbitals that are involved forbidden transition.
in the 7* < n transitions of these molecules. . . .
The CNDO method works within the LCAO approximation, attributed to a By, (r*, n) excited state, is unfortunately not

and the calculated MOs for a molecule may be expressed as>cen in the experi'menta.I spectrum. It has presumably been
linear combinations of atomic orbitals. As shown below, this S"Va”_‘Ped by t_he_ _nelghborlr_lg and strongly aHOMd_”(BZU).
permits a detailed analysis of the n-type MOs in a particular transition. Ab initio calculations at the CIS/3-21G level confirm

tetraazanaphthalene. Quantitative comparisons witkrtty@e the CNDO/S-CI predictions for the ordering of the two lowest

orbitals of naphthalene are possible, giving improved under- 7 — n transition¥*and giv_e a good prediction of the trans_iti(_)n
standing of the nature of the n-orbitals, particularly in more energy. The CIS calqulau_ons also mak(_e valuab_le predictions
highly substituted molecules ' of the excited-state vibrational frequencies of this compound,

and details will be published separately, together with a full
Il. Methods analysis of the 1458-TAN spectrufriThe experimental data
for 2367-TAN are sparse, but there appears to be a reasonably
CNDO/S-CI calculations were carried out on 1458-TAN, good fit between theory and experiment for the lowest energy
2367-TAN, and the parent molecule, naphthalene, using az* — n transition. We conclude that, for the lower energy
modified version of the standard QCPE progrénptimized transitions, the CNDO/S-CI method performs well, and this
input geometries were calculated at the HF/6-31G* level using supports its further use for studying the n-orbitals of these
the Gaussian family of program3. molecules. In the following subsections, we show how a simple
Experimental details of the electronic spectrum of 1458-TAN  analysis of the n-orbitals in terms of through-space and through-

will be published separatefyTransition energies for 2367-TAN  pond interactions is unsatisfactory and then demonstrate a better
were obtained from the literature spectrum of Adembri éfal. computational approach.

Interactions between n-Orbitals.When a molecule contains
more than one nitrogen atom, the proximity and relative

Tables 1 and 2 summarize the results of the CNDO/S-CI orientation of the lone-pair or n-orbitals greatly influences the
calculations for 1458-TAN and 2367-TAN, respectively. The energy splittings of the resulting MOs as a result of the through-
polarization directions for the molecules are shown in Figure space and through-bond interactions. When the greatest effect
1. Figures 2 and 3 compare the calculated and experimentalfelt by one n-orbital, i is the close proximity of anotherpn
transition energies for 1458-TAN and 2367-TAN, respectively. then this through-space coupling has a stabilizing effect on the
For 1458-TAN, there is good agreement between theory and symmetric (A + np) combination and a destabilizing effect on
experiment for the lowest energy* <— n and ¥ — =« the antisymmetric (n— ny) combinatiort'* making the sym-
transitions® The predicted secona* < n transition, which is metric combination lie at a lower energy than the antisymmetric.

I1l. Results and Discussion
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Figure 2. Energy level diagram for 1458-TAN. Figure 3. Energy level diagram for 2367-TAN.
The direct or through-space interaction of the n-orbitals is a A &
short-range effect and is therefore less significant for 1458-
TAN. In 2367-TAN, there should be strong through-space 7
coupling between the orbitals on the adjacent nitrogens, placing Antisymmetric
the symmetric combinations at lower energy (see Figure 4). Energy
In the tetraazanaphthalenes, the four n-orbitals combine in
four different ways. The resulting combinations for the most
symmetric moleculesz, point group) are as follows:

N,=n—n,+n;—n, [b3g] Symmetric

Figure 4. Ordering of adjacent n-molecular orbital combinations (sign
N,=n —n,—ng+n, [by] of the wavefunction: unshadetive, shaded-ve).
Nz=n+n,—n;—n, (b,

(involving the nitrogens in the 1 and 8, and 4 and 5 positions)
N,=n,+n,+n,+n, [ay] than N> and therefore should lie at slightly lower energy. The

CNDO/S-CI calculations, which take both through-space and

where n, n,, ng, and n represent the original individual ~ through-bond interactions into consideration, predict a different

n-orbitals located on each of the nitrogen atoms. The resulting Orbital ordering, as illustrated in Figure 5b. The photoelectron
n-MO combinations (N N, N3, and Nl) therefore have different study by Gleiter et a° assigns the four highest energy n-orbitals
energies and Symmetries (see above)_ in the same order as our CNDO/S-CI calculations.

n-Orbitals of 1458-TAN. When only through-space interac- The results that are summarized in Figure 5b are consistent
tions are taken into account, the n-type MOs of 1458-TAN with the suggestion that through-bond interactions of thenal
should be ordered as illustrated in Figure 5a, but possibly n, orbitals (and similarly pand n)) have a destabilizing effect
interleaved with the higher energyorbitals. For simplicity, on the N, combination, as predicted by the semiempirical
we will consider only the n-orbitals at present. The wave calculations of HoffmanA. There are also predicted to be
functions for the N and Ns combinations have only one nodal substantial interactions betweenpand n, as well as pand n,
plane, and at first sight these MOs may appear to be degenerateas seen in quinoxalinet® If Hoffmann’s prediction of the
However, N should have stronger bonding-type overlaps strength of through-bond and through-space interactions is taken
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{a) Through space interaction only (b} CNDO/S-CI calculation {¢) Based on Hoffmann's prediction

Figure 5. Ordering of n-molecular orbital combinations for 1458-TAN.

L brg T* e i v v P be minimal. However, MOs that result from combinations of
Pl . n-orbitals with wave functions of opposite sign will be

i Pl destabilized. Mand N; each have one nodal plane in their wave
P Ny ——++2g functions, but N is predicted to be higher in energy owing to

: ' the destabilizing effect of the through-space interactions between
the oppositely signed end lobes. Finally, (B35 symmetry) is
N ong N3 ong i ‘ predicted to be highest in energy since it has two nodal planes
E no interaction Ne E ) Na E b in its wave fungtion. Fi_gure 7a iIIustr_ates the case when only

¢ ' through-space interactions are considered.

! No E b2u
——bun :

Nz_qu ; N3 N; ————?— bﬁg

through-space only thmug;ﬁpace Our CNDO/S-CI calculations predict an orbital ordering as
through-bond shown in Figure 7b. The lowest energy transition predicted by
"""" > forbidden wansifion g these calculations is a forbidden transition from tagrbMO
> allowed transition Ny=n, +ng-nsng to thesr*-antibonding orbital of by symmetry. The experimental
Np=n;-npng+ng results reported by Adembri et Bl.show the lowest energy
Ny=nj-np+nz-ng transition to be very weak, possibly due to a forbiddgn—n

Figure 6. Energy level diagrams for 1458-TAN (not to scale) (ordering transition, in agreement with our calculations.
based on CNDO/S-CI calculations). The CNDO/S-CI calculations predict the second highest

n-orbital to be N (ag symmetry) in conflict with Hoffmann's'4

further, the ordering then differs from our calculated results (see prediction that this orbital should be the most stabilized and
Figure 5c). Hoffmann’s predictions, however, may also be an therefore the lowest in energy. The CNDO/S-CI calculation
oversimplification in the case of the tetraazanaphthalenes, andtherefore accounts for the involvement of otlretype orbitals
as a cautionary remark at this stage it needs to be noted thain the formation of this MO, possibly including*-orbitals.
experience with related diazanaphthalénesggests that the Another possibility for the ordering of the n-MOs of 2367-
through-bond interaction may be overestimated using Hoff- TAN is illustrated in Figure 7c. This follows Hoffmann’'s
mann’s scheme. This is not unexpected since there is evidenceprediction that the greatest interactions occur when the wave
that when the calculated MOs are close in energy, the CNDO/ functions of the overlapping orbitals are of opposite sign. In
S-Cl calculations may incorrectly predict their orderifg. 2367-TAN, there is greater overlap of the n-orbitals on both

Figure 6 summarizes the energies of the n-MOs after (1) ends of the molecule, thus when they are opposite in sign the
through-space only and (2) through-space plus through-bondresulting n-MO is destabilized. The main contributing factor to
interactions have been accounted for by our CNDO/S-CI the ordering of the orbitals is thus the through-space interactions.
calculations. The lowest energgt < n transition is predicted  Once again, this arrangement would predict the lowest energy

to be from an n-orbital of gsymmetry to an antibonding* * < n transition to be forbidden, involving thedn-orbital
orbital of kg Ssymmetry. The resultingaf, n) state has B, and the by 7*-antibonding orbital. Figure 8 summarizes these
symmetry and ther* <— n (S, — ) transition is forbidden as  results.

we observed experimentaffy. The unusual predictions of the ordering of n-MOs in 1458-

n-Orbitals of 2367-TAN. The strongest through-space TAN and 2367-TAN by the CNDO/S calculations prompted
interaction between the n-orbitals of 2367-TAN should involve us to seek a way of justifying the results. To do this, we needed
the pairs of orbitals at each end of the molecule. The additive to observe the wave functions of the MOs after interaction of
coupling of all four equally signed wave functions causes a the n-orbitals with all other orbitals of the molecule. We
stabilization of N (a; symmetry), which is therefore predicted designed a program to show contour maps of the various orbitals
to have the lowest energy. In the absence of through-bondfrom the CNDO/S calculations. To rationalize the theory of
coupling, the second lowest combination should he (b, through-bond coupling effects, we examined the wave functions
symmetry). In N, additive coupling between the pairs of of the highest energy-orbitals and estimated the extent of
n-orbitals at each end of the molecule should cause this MO to coupling taking place between the n- aoebrbitals. It was
be stabilized almost as much as;,Nsince through-space  expected that a comparison of the contours of the orbitals of
interactions between lobes at opposite ends of the molecule willthe tetraazanaphthalenes and those of the parent molecule
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A Energy
N n;

(a) Through-space interaction only (b} CNDO/S-CI calculation (c) Based on Hoffmann's prediction

Figure 7. Ordering of n-molecular orbital combinations for 2367-TAN.

A bog ™47 2 T the parent molecule, naphthalene. A method for quan_tifying this
i T effect is to express the MOs of the azanaphthalene in terms of
D . those of naphthalene. In the LCAO approximation M@s,
NL—:—§—b39 Ny——++bag are expressed in terms of an atomic orbital basispsét we
: Na : N use the_ superscripts N for naphthglene and A for (say) a tetraaza
by, ba ; derivative (see eq 1), we can write
Nt nz N3 ng N3 P N2 N3——-_|rb1“
: : 48 a4
£ Ne—"-2q Ne—— b2, vl = Zcﬁi ¢a and yf= Zcéi $a (1)
through-space only through-space o= o=
troughbond where the number of atomic orbitals shown are appropriate for
Ni=ningéngng the minimal valence basis set used by computational methods
"""" > forbidden transition  Nz=nynzn3+nq such as CNDO/S, and the,; are the MO coefficients. For
allowed transition  N=ny+nznsng simplicity, we assume there is no geometrical relaxation during

Ng=nj+ng+ng+ny

nitrogen substitution, and the basis functions common to both
Figure 8. Energy level diagram; for 2367-TAN (not to scale) (ordering #" and¢N have the same centers and exponents and hence are
based on CNDO/S-CI calculations). equivalent. The sep” then differs fromgN only in that four
) o . basis functions are missing. To correlgteand¢N, one could

_naphtha_llene would give an indication of th_e extent of this proceed by adding four ghost hydrogen atomtdo represent
interaction. The contour maps show the sign of the wave {he missing hydrogen atoms (as if hydrogen atoms without their
function apd the distribution of .electr.on density. The n-orbitals gactrons and with no nuclear charge were present) and repeat
and the highest energy occupieebrbitals of 1458-TAN and  he electronic structure calculation. We proceeded in a simpler
2367-TAN and the five highest energy occupiedrbitals of fashion than adding the ghost orbitals to the basis set. We simply
naphthalene are illustrated in Figure 9. . augmented the original MO coefficient matrix with four new

Jordan et at.examined the contours of the two highest energy pMos made up from these ghost atomic orbitals. The basis sets
o-orbitals of naphthalene using semiempirical MO calculations #N and ¢” thus become equivalent and are henceforth simply

and proposed that where the areas of greatest electron densityalled¢ and can be expressed in terms of naphthalene’s MOs
overlap with the n-orbital electron density of the azanaphthalenessee eq 2).

an interaction between these orbitals will cause significant

energy splitting. Since our contour maps illustrate the situation 48

after interaction and splitting has taken place, we consider that b= chi 1/1': )
the only orbitals that would not have interacted are those that 0=

show no obvious overlap of electron density.

In the case of 1458-TAN, the n-orbital ofibsymmetry
appears to have no overlap with thenolecular orbital of k, 44
symmetry (see Figure 9), indicating little perturbation in energy wiA = chiquN (3)
of this orbital, in conflict with our CNDO/S-CI calculations. =
Further attempts to develop this argument along these lines
proved to be inconclusive and left us with many unanswerable Where

This allows the MOs of the aza derivative to be expressed as

guestions. This qualitative attempt to get a consistent description 48
of the coupling between the orbitals produced a number of cC=NA (4)
difficulties and prompted us to look for an alternative way of i 0; o o

explaining the relationship between energies of the n-type MOs.

We propose a theoretical approach that does this in a systematic, The new coefficient matrixC; thus expresses the MOs of

quantitative, and instructive way. the aza derivative in terms of those of naphthalene. In practice,
Correlation with Naphthalene Orbitals. The electronic factors affecting the electronic structure such as geometry

structure of azanaphthalenes may be viewed as arising fromchanges and orbital contraction will also occur, in addition to

substitution-induced perturbations to the electronic structure of the changes represented by this matrix. However, the matrix
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1458-TAN 2367-TAN

Naphthalene

Figure 9. Contour diagrams of the highest energy molecular orbitals of 1458-TAN, 2367-TAN, and naphthalene.

gives valuable insights into how the orbitals in naphthalene shift
and mix as a result of replacing a-& group with a nitrogen
atom. Qualitatively, it is expected that naphthalene-GC
bonding orbitals will be pushed to much higher energies (that
is, become n-orbitals) when they involve significant contamina-
tion from C—H bonds. Different orbitals will interact with
different C-H bonds and hence a variation in the site of
substitution will change the identity of the naphthalene orbitals
that become the n-orbitals. This approach thus provides an
insight into how much each of the-orbitals of naphthalene
contributes to the formation of the n-MOs of 1458-TAN and
2367-TAN.

These calculations proved to be very enlightening. Not
unexpectedly, we found that the resulting n-orbitals resemble,
to varying degrees, combinations of the equivaleitonding
ando*-antibonding orbitals of the parent molecule naphthalene.
In effect, theo-orbitals of naphthalene have been transformed
into the n-orbitals of the TANs. This became obvious when the
contour diagrams of the n-orbitals of both 1458-TAN and 2367-
TAN and theo-orbitals of naphthalene with equivalent sym-
metry were examined. CNDO/S-CI calculations for naphthalene
give the energy ordering of the- and o*-orbitals (see Figure
10). Similar calculations for 1458-TAN and 2367-TAN give
energies for the n- andgtorbitals. Only the n-orbitals for 1458-
TAN and 2367-TAN are shown in Figure 10. The solid arrows
in this figure indicate the naphthalene orbital that is linked most
strongly to each n-orbital in 1458-TAN and 2367-TAN, and
the dotted lines show secondary weaker connections between
the naphthalene orbitals and the TAN n-orbitals.

It is immediately obvious that the ordering of the n-orbitals
is significantly different for 1458-TAN and 2367-TAN. This
marked difference was noted above, but we have been unable
to justify it using Hoffmann’é'4 arguments of through-space
and through-bond coupling or by visual inspection of electron
densities We believe that we can now provide a satisfactory

and justifiable explanation of this ordering in terms of the extent Figure 10. Energy level diagram (not to scale).

Energy 1458-TAN Naphthalene
, €Y)  n-orbitals & and c* orbitals
—7.0

|

Hurst et al.

2367-TAN
n-orbitals

——-200 e b,

- Main contributing orbital
-------- Contributing orbital
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Figure 11. Percentage naphthaleneorbital contributions to the n-orbitals of 1458-TAN and 2367-TAN.

to which TAN o-type orbitals have retained naphthalene-like the lsgn-orbital of 2367-TAN is higher in energy than the one

characteristics. forming the n-orbital of 1458-TAN. Thezpn-orbital in 1458-
Figure 10 demonstrates that the energy ordering of the TAN is slightly higher in energy than the equivalent naphthalene

n-orbitals depends on the extent to which the lower lying o-orbital since it has a strong contribution from an antibonding

o-orbitals of like symmetry and higher lying™*-orbitals o*-orbital. Figure 11 shows that the samg a-orbital in

contribute to the character of the n-orbitals. Thg fip-orbital naphthalene is transformed into thereorbitals of both 1458-

of 2367-TAN (N using the notation from Figure 8) is the TAN and 2367-TAN. The gorbital of 1458-TAN is destabilized

highest in energy, and on the basis of through-space interactionspy strong contributions from three antibondintrorbitals of

one might expect that the same would apply in 1458-TAN. naphthalene, and is therefore higher in energy than the

However, in 2367-TAN, thedy n-orbital is made up of a strong  equivalent n-orbital in 2367-TAN.

component of the highest energy,lo-orbital in naphthalene Two differento-orbitals are transformed into the m-orbitals

and contains a significant degree of antibonding character from of 1458-TAN and 2367-TAN (), once again showing a strong

two higher antibonding 4y o*-orbitals. The latter contribute to  contribution from antibonding orbitals as well (see Figure 11).

a slight destabilization of the n-orbital. In transforming the The lower energy of the 1458-TAN pn-orbital is a result of

naphthalene molecule into a TAN molecule, we believe the loss starting from a lower energy-orbital in naphthalene and being

of four hydrogen atoms and their stabilizingtbonds has  destabilized by a strong contribution from an antibondirig

introduced a degree of antibonding-like character into the systemorbital. The b, n-orbitals of 1458-TAN and 2367-TAN &)

and in most instances has increased the energy of the n-orbitalonce again originate from different naphthalenerbitals (see

In contrast, the & n-orbital in 1458-TAN (again N is lower Figure 11). The k n-orbital in 1458-TAN is raised in energy

in energy than in 2367-TAN, since it appears to be strongly in comparison to the equivalent naphthalene orbital by a strong

linked with a lower energyo-orbital of kg symmetry in contribution from an antibonding orbital.

naphthalene. This n-orbital is only weakly linked to the higher

energy g o-orbital that plays such a strong part in determining |/ conclusions

the character of thesp n-orbital in 2367-TAN. In Figure 11,

we have graphed the four symmetry species of the n-orbitals This process of visualizing the formation of the n-orbitals

for both 1458-TAN and 2367-TAN showing the percentage from the o-orbitals of naphthalene has not, as far as we can

contribution of each of the naphthalene orbitals in the formation ascertain, been reported previously. We consider that it is a

of the relevant n-orbitals. significant and useful development, which gives a more
Figure 11 indicates that differengdw-orbitals in naphthalene  consistent explanation of the energy ordering of n-orbitals in

are transformed into theypn-orbitals of 1458-TAN and 2367-  multisubstituted nitrogen heterocycles and gives useful insights

TAN, although there are contributions from othey brbitals into the character of these orbitals. The previous through-space

as well. The mairs-orbital in naphthalene that contributes to model of n-orbitals interacting with the-framework is, not
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