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On the oxidation of dibenzo[fg,ij]pentaphene and
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The dianion of dibenzo[fg,ij]pentaphene has recently been synthesized and
shown to react with oxygen, forming the 15,16-dioxo derivative in nearly quantitative
yield. Oxidation of the dianion of dinaphtho[2,1,8,7-defg:2°,1°,8*,7’-ijkl]pentaphene
under similar conditions does not result in any dioxo product. It is shown that these
findings are a consequence of the different modes of cyclic conjugation in the two
dianions. Cyclic conjugation in the mentioned two dianions, as well as in a number of
other structurally related benzenoid dianions is assessed by means of a quantum-
chemical method, developed earlier by the author.
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Continuing their studies!™ of the dianions of benzenoid hydrocarbons, Rabi-
novitz et al. have recently reported® the synthesis of the dianion 12~ of dibe-
nzo[fg,ij]pentaphene (1, see Fig. 1) and its reaction with oxygen (O;) or air.
Oxidation of benzenoid dianions by oxygen or air usually results in the formation
of the parent hydrocarbon.2-3 However, in the case of 127, the product is 15,16-di-
oxo-dibenzo[fg,ij]pentaphene (2), which is obatined in almost quantitative yield.
Under similar experimental conditions, the oxidation of the dianion of the structur-
ally closely related benzenoid hydrocarbon dinaptho[2,1,8,7-defg:2°,1°,8°,7°-
ijkllpentaphene (3) does not yield any dioxo-product.®’

Rabinovitz ef al.® have related these unusual findings to the differences in the
charge density distribution in 12 and 3%, which, in turn, can be assessed from the
chemcial shifts in the respective 3C-NMR spectra.!"0 However, by this the problem
is not resolved: one would need an explanaiton of why the charge density distribu-
tions in 12~ and 3%~ are different, what causes this difference and, in particular, why
the electron density in 12~ is maximal in the close-lying (and therefore from the
point of view of electrostatic repulsion inconvenient) position 15 and 16.
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Fig. 1. The benzenoid molecules considered in this work and the labeling of their (symmetry non-
equivalent) hexagons; mutually analogous hexagons in different benzenoids are denoted by the
same symbol.

The aim of this work is to offer an explanation of the above outlined facts.

THE METHOD

Some time ago a quantum-chemical theory was elaborated,®!! by means of
which the contribution of individual cycles to the total Teelectron energy of a polycyclic
conjugated molecule can be calculated. These energy effects measure the intensity of
cyclic conjugation in the respective cycles. The theory found numerous chemical
applications; for a review see, ! for the most recent works in this area see!214 and the
references quoted therein.

The theory of cyclic conjugation was for a long time applied only to
non-charged conjugated hydrocarbons. Recently, however, the calculation method
was modified so as to be applicable to dianions.!4 Then it could be demonstrated

that the charge density distribution (or more precisely: the Teelectron charge density
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distribution) in benzenoid dianions is primarily determined by the mode and
intensity of the Teelectron conjugation along various cycles contained in the molecule,
especially along the 6-membered cycles. These considerations are now extended to the
dianions of dibenzo[fg,ij]pentaphene and dinaphtho[2,1,8,7-defg.2°,1°,8°,7’-ijkl]pen-
taphene and show that the conclusions drawn from our theory of cyclic conjugation are
in perfect agreement with their experimentally established® behavior, and can be used
for the explanation thereof. In addition, the cyclic conjugaiton in a few other, structurally
related, benzenoid dianions is analyzed.

The details of the method employed have been outlined elsewhere. 81114 Let
G be the molecular graph, representing the Trelectron network of the conjugated

molecule considered.! Then in the case of neutral hydrocarbons, the energy effect
of the cycle Z contained in G is expressed as

© - (M
_2.0 @(G,ix) 0
e6(G.2) = n-([ DEfp(G,ix) +2¢(G - Z,jix) %dx

whereas in the case of dianions, this energy effect is given by

et A(G,2=efy(G,2+2A umo—2RLumo) 2)

In the above formulas @(H,x) denotes the characteristic polynomial of the
graph H (where H= G or H = G — Z), whereas A yvo and AR, are the solutions
of the equations ((G,x) = 0 and @ G x)+2@G—Z,x)=0, respectively, pertaining to the
highest unoccupied molecular orbital (LUMO) energy level. Further, i = vV=1.

The quantities efy(G,Z) and ef 5(G,Z), as defined via Egs. (1) and (2), are
expressed in the units of the HMO carbon-carbon resonance integral 3. Consequently,
positive ef-values imply thermodynamic stabilization. The greater a (positive) ef-value
is, the more intense is the cyclic conjugation in the corresponding cycle.

CYCLIC CONJUGATION IN DIBENZOJ[fg,i/]PENTAPHENE AND DINAPHTHO[2,1,8,7-
defg:2’,1’,8°, 7-ijklPENTAPHENE AND THEIR DIANIONS

The benzenoid system 1 can be viewed as a pair of phenanthrene fragments
joined by means of two essentially single bonds.!® (These latter bonds form the
cycle d, see Fig. 1). Analogously, 3 should be regarded as a system formed by two
pyrene fragments joined through the cycle d. One may consider 1 and 3 as the
cis-isomers, in which case the benzenoid species 4 and 5 would be the trans-isomers,
see Fig. 1. The "mixed" cis- and trans-isomers 6 and 7, respectively, depicted in Fig.
1 have also been examined.

The ef-values of the 6- and 10-membered cycles of the benzenoid hydrocar-
bons considered and of their dianions are given in Table L. In this section attention
will be focused only on the systems 1, 12-, 3 and 3%~
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TABLE 1. Energy effects, calculated according to Egs. (1) and (2), of symmetry non-equivalent 6-
and 10-membered cycles of the benzenoid hydrocarbons (b. h.), shown in Fig. 1; n — non-charged
molecule, d — dianion

eycle b. h. b. h. b. h. b. h. b. h. b. h.
1 4 3 5 6 7

a n 0.1547 0.1547 0.1019 0.1019 0.1024 0.1025
d 0.1169 0.1170 0.0776 0.0773 0.0696 0.0698
b n 0.0482 0.0483 0.0480 0.0472 0.0478 0.0480
d 0.0411 0.0424 0.0561 0.0531 0.0605 0.0616
c n 0.1435 0.1431 0.0922 0.0935 0.0943 0.0940
d 0.0849 0.0794 0.0570 0.0616 0.0526 0.0510
d n 0.0197 0.0197 0.0231 0.0231 0.0213 0.0213
d 0.0283 0.0284 0.0359 0.0362 0.0320 0.0319
e n - - 0.0564 0.0563 0.0559 0.0559
d - - 0.0774 0.0773 0.0853 0.0852
a’ n - - - - 0.1542 0.1542
d - - - - 0.1302 0.1298
b’ n - - - - 0.0482 0.0475
d - - - - 0.0437 0.0408
c’ n - - - - 0.1407 0.1427
d - - - - 0.0917 0.1033
atb n 0.0254 0.0255 0.0183 0.0179 0.0183 0.0183
d 0.0141 0.0160 0.0155 0.0136 0.0143 0.0151
ate n - - 0.0195 0.0195 0.0195 0.0195
d - - 0.0192 0.0187 0.0188 0.0191
bt+c n 0.0226 0.0226 0.0154 0.0154 0.0158 0.0158
d -0.0033 -0.0033 0.0055 0.0055 0.0041 0.0041
b+d n 0.0019 0.0019 0.0028 0.0028 0.0024 0.0024
d 0.0044 0.0044 0.0060 0.0061 0.0052 0.0052
bte n - - 0.0058 0.0056 0.0057 0.0057
d - - 0.0146 0.0134 0.0186 0.0190
ctd n 0.0046 0.0046 0.0036 0.0036 0.0031 0.0031
d 0.0164 0.0164 0.0082 0.0084 0.0072 0.0072
cte n - - 0.0179 0.0183 0.0183 0.0183
d - - 0.0135 0.0157 0.0151 0.0142
a+b’ n - - - - 0.0254 0.0250
d - - - - 0.0192 0.0158
b+ ¢’ n - - - - 0.0221 0.0220
d - - - - 0.0042 0.0043
b'+d n - - - - 0.0022 0.0022
d - - - - 0.0050 0.0049
c’'+d n - - - - 0.0053 0.0053
d — — — — 0.0174 0.0172
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Cyeclic conjugation in the non-charged benzenoid hydrocarbons 1 and 3 is well
represented by the (unique) Clar aromatic sextet formulas!'%!7 1a and 3a, see Fig.
2. Recall that the circles in the Clar formulas indicate sextets of Telectrons, that are
expected to be mainly localized in the respective hexagon.

Fig. 2. Clar-type structural formulas of 1, 3 and their dianions.

It has been demonstrated!!>!18:19 that in benzenoid molecules with a unique
Clar formula, the energy effects of the 6-membered cycles, as calculated by means
of Eq. (1), are in good (although not perfect) agreement with the Clar picture; "full"
hexagons (i.e., hexagons in which the circles in the Clar formula are drawn) have
large ef-values, whereas the "empty" hexagons have significantly smaller, yet
positive, ef-values. In the case of 1 nd 3 (as well as 4-7) the "full” hexagons are
those labeled by a and ¢, whereas the hexagons b, d and e are "empty". The data in
Table I corroborate this earlier established regularity.

In the case of 12, all energy effects are somewhat diminished relative to 1 (a
feature characteristic for benzenoid dianions!#), but otherwise the same pattern is
maintained: the "full" hexagons have large and the "empty" hexagons small ef-val-
ues. Thus one may expect that a Clar-type formula, in which the hexagons, a and ¢
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are "full" will represent the dominant modes of cyclic conjugation in 12~. Then,
however, the two negative charges must be in positions 15 and 16, as shown by
formula 1b, depicted in Fig. 2. [Formula 1b explains also why ef »(1,d) is greater
than ef(1,d): in 1b the hexagon d possesses a pair of Trelectrons and participates
in a weak phenathrene-type conjugation mode; in 1a this hexagon is devoid of any
cyclic conjugation.]

The above reasoning, based on the consideration of cyclic conjugation,
explains why the negative charge in 12~ is to a great extent localized in the (otherwise
unexpected) positions 15 and 16 and why reaction with oxygen occurs just at these
two carbon atoms.

The charge-localization in 12~ was confirmed by both NMR measurements
and AM1-type semiempirical calculations.®

The case of 3%~ is different. Because 1 and 3 have very similar cyclic
conjugation modes (¢f- formulas 1a and 3a), one could be inclined to expect that the
same holds also for 12~ and 3%, namely that cyclic conjugation in 3%~ is well
represented by the Clar-type formula 3b, Fig. 2. The results of our energy-effect
calculations, based on Eq. (2) and shown in Table I, indicate the opposite.

Consider first cyclic conjugation in a simpler benzenoid system — pyrene (8)
and its dianion, see Fig. 3. The respective energy effects are:

efo(8, )= 0.1063
efo(8, 5) = 0.0528
efo(8,r +5)=0.0198
efo (8,5 +s57)=0.0056

0@% QQ

8a

8

86¥/ 8d

ef 2(8,r)=0.0389
ef»(8,5)=0.1154
ef2(8,r+5)=0.0198
ef 2(8,s+5")=0.0522

% @aﬂ)@

8b

8¢ &f

Fig. 3. Concerning cyclic conjugation in pyrene and its dianion; for details see text.
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The ef-values pertaining to the non-charged pyrene are in full agreement with
the Clar formula 8a. On the other hand, in the case of the pyrene dianion, cyclic
conjugation in the hexagons » and 7’ has significantly decreased, whereas in the
hexagons s and s’ has significantly increased. This is best seen by the almost ten-fold
increase of the ef-value of the 10-membered cycle s + s°. All this clearly indicates
that cyclic conjugation in 82~ should be represented by the formula 8b, which is just
a concise way of depicting the quartet of Clar-type formulas 8¢—8f, see Fig. 3.
Anayway, the negative charge in 82~ is mainly located in the hexagons r and .

Returning now to 32~ one can easily recognize that its cyclic conjugaiton
modes resemble those of the pyrene dianion: ef »(3,5) and ef_»(3,¢) are greater than
efo(3,b) and ef(3,e), respectively, and are nearly equal to e¢f»(3,a) and ef(3,¢).
Further, ef »(3,b+e) is significantly greater than ef((3,b + €). This all points towards
cyclic conjugation represented by formulas 3¢ and 3d.

The fact that ef »(3,d) is much greater than efy(3,b) implies that also a third
mode of cyclic conjugation must be taken into account, namely the one represented
by formula 3e. This conjugation mode is responsible for ef (3,e) being greater than
ef»(3,b), exceeding even the value of ¢f »(3,a).

In summary cyclic conjugation in 3%~ follows a complicated pattern, the
dominant modes of which are represented by formulas 3b—3e, Fig. 2. As a conse-
quence, only a fraction of the negative charge is localized in positions 15 and 16,
the rest being distributed over the entire molecule. Consequently, no carbon atoms
in 3%~ are particularly reactive with regard to oxygen.

The lack of non-uniformity in the charge density distribution in 3%~ has been
confirmed by AMI calculations.®

ON CYCLIC CONJUGATION IN RELATED BENZENOID DIANIONS

From the data given in Table I one may infer about the characteristics of cyclic
conjugation in the dianions of the benzenoid hydrocarbons 4-7. Cyclic conjugation
in 4272 is closely analogous to what has been discussed above (especially in the
case of 52~ and 327), and will not be analyzed any further.

The ef-values of 42~ indicate that also in this dianion intensive cyclic conju-
gation takes plase in the hexagons a and c¢. This, however, implies that the negative
charge must be localized in positions 8 and 16. Thus, it can be predicted that the
dianion of dibenzo[fg gr]pentacene (4) will react with oxygen forming as the
dominant product 8,16-dioxo-dibenzo[fg,gr]pentacene.

Acknowledgement. A significant part of the research communicated in this paper has been done
during air raid alarms, but not in a shelter. The author thanks Prophet Obadiah for pointing out that:

For soon the day of the Lord will come on all the nations:
you shall be treated as you have treated others,
and your deeds will recoil on your own head.
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0O OKCUIALVIV IMAHTOHA TUBEH3O[fg,ij] TEHTA®EHA Y [UHA®TO[2,1,8,7defg:
21,8 7-ijkI IIEHTA®EHA

MBAHTYTMAH
Ipupoono-maitiemaitivuxu gaxyaitieii y Kpazyjeeiy

Huanjon puben3o[fg,ijjnenracena je nepaBHo cunTeTncan u HabeHo je na pearyje ca
KHCEOHUKOM, Tpajiehn y ckopo KBaHTUTaTHBHOM IIpHHOCY 15,16-1uokco aepuBat. OKcuanygja
nuanjona agunadro[2,1,8,7-defg2’,1',8',7’- ijkl]nenradena noy cnuyHUM yCaoBUMA HE Jlaje HuU-
KakBe Auokco mpopykre. ITokasyjeMo ja cy HaBeNEHU pe3yiTaTH HOCIEAUNA PA3IHKE y
IMKJIMIHO] KOWYTalldji y OBUM AnaHjoHAMA. [IUKIIMYHa KOombyramgja y IOMeHyTa JBa JaH-
jOHA, Kao W y jOII HEKUM CTPYKTYPHO CPOHUM OCH3CHOMJHNM [WAaHjOHNMA, IPOICHEeHa je
nomMohy jeHe KBaHTO-XEMHjCKE METOJIE, paHWje pa3BUjeHe Off CTpaHe ayTopa.

(ITpumibeno 6. anpuina 1999)
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