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In the rings of aza-derivatives of benzenoid hydrocarbons, the 7electrons are shifted relative to the parent hydro-
carbon. This effect strongly depends on the position of the heteroatom(s), and follows a pattern that is not easy to predict
by means of intuitive reasoning. We studied this effect in the case of the aza-derivatives of the simplest fully benzenoid
hydrocarbon — triphenylene, and established the basic regularities on which it depends.
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PACIIPEOEJBA HA #EJEKTPOHHMTE BO INPCTEHUTE HA A3A-TIEPHBATHTE
HA TPUOEHHUJIEHOT

Bo npcreHUTe Ha a3za-IePHBATHTE Ha GCHICHOHJIHMTE JAINeBOAOPOAM 7-¢/CKTPOHHTE C¢ MOMECTEHH
BO OJ{HOC Ha OCHOBHHOT jaricBofopon. OBoj eheKT MHOTY 3aBHCH Off TONOX(4TA Ha XeTEPOATOMHATE U HE
MOXe JIECHO Ja ce NPeRBHAH BP3 OCHOBA HA MHTYMTHBHO pe3oHHpame. OBoj eekT ¢ NpoyuyBaH Kaj asa-
AEPHBATH HA HajeIHOCTABHHOT UeMOCHO GeH3CHORNIEH jarneBOJIOPO — TPHMEHHIEHOT. Y TBPIEHH €& OCHOB-

HHTE NPABHITHOCTH Off KOH T()j 3aBHCH.

Knyunu 360poBs: GcH3CHOHAHH JaTIeBONOPONH; TpHeHUNeH; a3a-TPHEHHICHY;
-eTEKTPOHCKA CONPXKHHA HA IIPCTEHOT

INTRODUCTION

In a series of papers [1-4] Randi¢ and Bala-
ban put forward a method for assessing the 7
electron content of rings in polycyclic molecules,
by means of which the m-electron distribution in
numerous classes of polycyclic aromatic hydrocar-
bons was studied [1-12]. Recently this method
was extended and made applicable to heteroatom—
containing conjugated molecules, in particular, to
aza-derivatives of benzenoid systems [13]. Be-
cause of the enormously large number of possible
aza-derivatives of benzenoid molecules [14], unti}
now the partitioning of s-electrons into rings was

examined only in the case of aza-derivatives of
naphthalene [15] and monoaza-derivatives of lin-
ear polyacenes [16]. In the parent hydrocarbons of
these heteroconjugated molecules (i. €., in polya-
cenes), the distribution of 7zelectrons into rings is
(nearly) unmiform [5, 11, 12]. Therefore, the
changes of the electron contents of rings in these
compounds, caused by the heteroatom(s), is easy
to envisage [15, 16]. In this paper we examine a
diametrically different type of polycyclic conju-
gated systems, where the parent hydrocarbon is
fully benzenoid [17], thus possessing a highly non-
uniform distribution of z-electrons into rings [10].
We consider here triphenylene, the smallest and
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simplest fully benzenoid hydrocarbon [17], see
Fig. 1.

Fig. 1. Triphenylene C gH,;: numbering of its carbon atoms
and rings (1), Clar aromatic sextet formula (2), and
distribution of zelectrons calculated according to the Randié—
Balaban method (3). The positions 1, 4,5, 8,9, and 12 in
triphenylene (see diagram 1) are refereed to as ¢, whereas the
positions 2, 3, 6, 7, 10, and 11 are referred to as £ The
partition of the s-electrons into rings of 1-aza- and 2-aza-
triphenylene are shown in diagrams 4 and 5, respectively.

The distribution of melectrons in the rings of
triphenylene is highly non-uniform, as should be
expected from its (unique) aromatic sextet formula
(diagram 2 in Fig. 1). Indeed, the Randi¢-Balaban
method gives that the zelectron content of each of
the rings Ry, R,, and R; is equal to 5.3333, whereas
the central ring R, possesses only two 7z-electrons
(diagram 3 in Fig. 1).

When a nitrogen atom is substituted in posi-
tions @ or S of triphenylene, the 7electron con-
tents of the rings significantly changes, as seen
from diagrams 4 and 5 in Fig. 1.

In order to better envision the effect of het-
eroatoms on the electron content of a ring R;, in
what follows we report the values of

AEC(R) = EC(R)ncm ~ EC(Ri)pn. (0

namely, the difference between the z~electron con-
tent EC(R;) of the ring R; in the heteroatom—
containing molecule (h.c.m.), and the respective
EC(R)-value of the parent hydrocarbon (p.h.). In
the cases studied in this paper, the parent hydro-
carbon and its heteroatom-containing derivatives
possess equal number of z-electrons. Therefore,

SAEC(R;)=0,
i

and, in particular, for triphenylene (cf. Fig. 1):

4
SAEC(R;)=0.
i=l

NUMERICAI. WORK

Details of the computation of the 7=electron
content of rings of benzenoid hydrocarbons and
their aza-derivatives can be found elsewhere [1, 8,
13, 16). The calculations reported here (as well as
in [15, 16]) were executed with an in-house com-
puter program CELERN. The AEC-values of vari-
ous mono-, di-, and tri-aza-triphenylene derivatives
are given in Table 1.

Table 1

AEC-values, Eq. (1), of the rings R, i = 1, 2, 3, 4,
(Fig. 1) of all aza-derivatives of triphenylene in
which every ring contains at most one N-atom

Position Typeof AEC(R,) AEC(R;) AEC(R)) AEC(Ry)
of N isomer

atoms

1 o —0.0826 -0.0237 -0.1219 +0.2283
2 B +0.0870 -0.0812 +0.0055 —0.0112
1,6 op _0.0735 +0.0678 —0.1846 +0.1904
1,7 ap ~0.1609 +0.0629 -0.1174 +0.2155
1,8 oo —0.1055 -0.1055 -0.2264 0.4374
1,9 oa —0.1068 -0.1461 -0.2037 +0.4566
L1I0 af -0.1592 -0.0289 -0.0152 +0.2034
LIl af ~0.0755 -0.1018 —-0.0353 +0.2127
L12  aa ~0.2009 -0.0630 -0.2009 +0.4649
2,7 BB +0.0237 +0.0237 +0.0023 -0.0495
2,10 BB +0.0061 -0.0752 +0.0917 -0.0225
2,11 BB +0.0976 -0.1443 +0.0976 —0.0507
1,59 aqoa -02283 -02283 -0.2283  0.6850
,5.10 aof  -02560 -0.1104 -0.0373 +0.4039
15,11 aaf  -0.1976 -0,1820 —0.0598 +0.4395
1,6,11 afpf  -0.1502 +0.0624 -0.0783 +0.1662
1,612 aPa  ~0.1944 +0.0286 -0.2534 4+0.4193
1,710 afp  -0.2118 +0.0633 —0.0066 +0.1552
1,7,11 afp  -0.1532 -0.0149 -0.0217 +0.1899
1,8,12 aaa -02274 -0.1475 -02992 0.6742
2,6,10 BBB  +00113 +00113 +0.0113 —0.0338
2,7,11 BRB  +0.0342 —00399 +0.0942 -0.0884
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The starting point for our studies was naph-
thalene and its two monoaza derivatives (quinoline
and isoquinoline) [15]. Their AEC-values are

shown in Fig. 2.

6 7

Fig. 2. The AEC-values (Eq. 1) of the rings of quinoline (6)
and isoquinoline (7}

As seen from Fig. 2, a nitrogen atom in posi-
tion o (as in quinoline) diminishes the zelectron
content of the ring to which it belongs and, conse-
quently, increases the melectron content of the
other ring. The effect of a nitrogen atom in posi-
tion B (as in isoquinoline) is opposite. Such a
seemingly unusual displacement of #-electrons in
aza-substituted naphthalenes could be explained
by resonance-theoretical arguments [15, 16].

In 1-aza-triphenylene there is a nitrogen atom
in position «, and therefore it is expected that it
also will shift the zelectrons away from ring R;,
i.e. that AEC(R|) will be negative. This indeed is
found to be the case (see Fig. 1 and Table 1). Simi-
larly, in 2-aza-triphenylene, in which the nitrogen
atom is in position £, the s=electron content of ring
R, is greater than in the parent hydrocarbon, i.e.
A(Ry) > 0.

In the case of l-aza-triphenylene, the unex-
pected finding is that not only ring R, (in which
the N-atom is located), but also ring R; looses 7
electrons, whereas the srelectron conteat of ring
R, remains practically unchanged.

In the case of 2-aza-triphenylene, the ==
electron density that is attracted into ring R, (in
which the N-atom is located) comes almost com-
pletely from ring R,, whereas the srelectron con-
tent of rings R; and R, remain practically same as
in the parent hydrocarbon.

If more than one nitrogen atom is present,
then the displacement of 7electrons can be viewed
as a result of the interference of several, above
described, a- and S-effects. For instance, if two o-
nitrogen atoms are present (as in 1,8-, 1,9-, and
1,12-diaza-triphenylenes), then in all three rings
R, R;, and R, the melectron content is diminished
more than in 1-aza-triphenylene. Consequently, the
melectron content of ring R, is increased relative
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to 1-aza-triphenylene. In some (0 ff)-diaza-derivati-
ves (namely, in 1,6- and 1,7-diaza-triphenylenes),
the two N-atoms shift the zelectrons in the same
direction, resulting in a decreased EC-value of
rings R, (in which the o nitrogen atom is located)
and R,, and an increased EC-value of ring R, (in
which the /4 nitrogen atom is located). In the other
two (af)-diaza-derivatives (1,10- and 1,11-diaza-
triphenylenes), the two N-atoms act in opposite
directions, causing a negative AEC-value for ring
R, (in which the £ nitrogen atom is located). From
these latter examples we see that the effect of the
o nitrogen atom appears to be stronger than the
effect of the £ nitrogen atom. More details on the
(sometimes quite perplexed) interference-effects in
di- and tri-aza triphenylene derivatives can be seen
in the data given in Table 1.

In what follows we show that these unusual
and contra—intuitive displacements of electrons in
aza-derivatives of triphenylene can be, but only a
posteriori, raticnalized by resonance-theoretical
considerations. We demonstrate this only for the
simplest cases —~ the 1- and 2-aza-triphenylenes.

RESONANCE-THEORETICAL ANALYSIS
OF MONOAZA-TRIPHENYLENES

We first examine the monoaza-triphenylene
with the heteroatom in position o, i.e. 1-aza-tri-
phenylene, because its resonance-theoretical analy-
sis is simpler.

In Fig. 3 depicted are two Kekul€ structures
of l-aza-triphenylene (ky, ki2), out of nine total.
Inscribed in the rings are the respective 7#electron
contents. (A double bond that belongs solely to a
ring R contributes to the electron content by two
electrons; 22 double bond shared by R and another
ring, contributes by one electron [1, 2]; an electron
pair in ionic resonance forms contributes by two
electrons [16].) If the z=electron contents are aver-
aged over all nine Kekulé structures, we arrive at a
partitioning that coincides with the partitioning of
melectrons in the parent hydrocarbons, shown in
diagram 3 in Fig. 1. Therefore, in order to obtain
displacements of melectrons caused by the het-
eroatom, we have to take into account ionic reso-
nance structures.

Because nitrogen is more electronegative than
carbon, we consider only those charge-separated
resonance forms in which the negative charge is
located at the nitrogen.
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Fig. 3. Kekulé structures (k;;, k2 and ionic resonance

structures (a,;, i=1,2, b0 1,....5, ¢, i=1,2) of 1-aza-
triphenylene, with selectron contents of rings indicated.
Diagrams <b,> and <c,> show the average #eclectron content
of the rings of the resonance forms b;; and cy;, respectively.
For details see the text

It is plausible to assume that the most signifi-
cant ionic resonance forms are those in which the
charge separation is minimal. In our case these are
the nine resonance structures of which in Fig. 3 are
depicted only two: a;; and a,,. Because these im-
ply the precisely same partitioning of 7clectrons
into rings as the Kekulé structures (compare a
with k,; and a,, with k,2), we must include into the
consideration resonance forms with greater charge
separation. The next such resonance forms are by,
b3, ... , bys. The average of their #electron con-
tents is shown in diagram <b;>. From <b> it can
be seen that a shift of the electron contents from
rings Ry, R,, and R; into ring R, takes place. How-
ever, according to <b ;> the rings R, and R, would
have equal selectron contents, which disagrees
with the results of our calculations (diagram 4 in
Fig. 1). To avoid this, we need to consider reso-
nance forms with still greater charge separation.
These are ¢, and ¢, whose average m-electron
contents is shown in diagram <c¢;>. We sece that the
melectron content of ring R; is diminished relative
to R,. With this the results of our calculations for
1-aza-triphenylene (diagram 4) are shown to be in

qualitative agreement with the predictions of reso-
nance theory.

The analysis of 2-aza-triphenylene is analo-
gous, yet somewhat more complicated. The respec-
tive resonance forms are shown in Fig. 4.

161 % 50
‘e, ol
dya 24 <dz>

Fig. 4. Kekul€ structures (k;, kjz) and ionic resonance
structures (ag;, i=1,2,by,i=1,...,4, o, dy i= 1, ..., 4)
of 2-aza-triphenylene, with z-electron contents of rings
indicated. Diagrams <b;>, <c;>, and <d;> show the average
m-electron contents of the rings of the resonance forms
by, €2, and dy;, respectively. For details see the text

For the same reasons outlined before, taking
into account only the Kekulé structures (k3;, k2,
...) and the ionic forms with minimal charge sepa-
ration {aa,, ¢, ...) would not result in any heteroa-
tom-caused shift. Therefore we consider the ionic
structures by, by, bys, byy that result in an average
melectron content shown in diagram <b,>. From
<by> it can be seen that the 7-electron density is
shifted in direction of rings R;, R,, and R;. This
agrees with the calculated EC-value for ring Ry,
but not for rings R, and R; (see diagram 5 in Fig.
1). In order to explain this discrepancy we need to
include into the consideration ionic resonance
forms with grater charge separation. The single
structure ¢;; implies the diminishing of the EC-
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values of R, and R;, but no difference between
EC(R;) and EC(R;). Only by considering the ionic
forms dy, dy, drs, day and their average <d>>, we
see why EC(R,) is less than EC(R,).
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