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Systematic treatment of the forms of benzenoid chemical isomers (C H s)‘

INTRODUCTION

The enumeration of the isomers of benzenoid hydrocarbons, say C H, is mainly
due to the pioneering works of Dias: an article series in ten parts [1-10], an early review
[11], a monograph [12], and some more recent papers [13,14]. Unfortunately, when the
Dias numbers are inspected critically, one finds many errors. The first error was pointed
out by Knop et al. [15,16]. In a note to the most recent paper of Dias [14], Cyvin [17]
located several errors. Also in the extensive review with supplements Brunvoll and

Cyvin [18] had to introduce a number of corrections. That paper [18] tends to list all the
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available numbers of benzenoid isomers, if possible divided into Kekuléans
(non-radicalic hydrocarbons) and non—Kekuléans (radicals). Specific enumerations of
2-factorable benzenoids (incorporating all-benzenoids) [5-7,11-14,19,20] are not
included.

The present work is a continuation of the mentioned review [18]. The forms of
benzenoid isomers are surveyed with emphasis on the strictly pericondensed benzenoids.
A strictly pericondensed benzenoid [6] has no catacondensed appendage, and its internal
vertices are connected. Several sets of the benzenoid isomers are depicted for the first
time, and errors in the listings of Dias are corrected.

Here the sets of benzenoid isomers (CnH s) are classified according to the "neo"
classification [21,22], and more specifically as:

n normal;

e essentially disconnected;

0, non—Kekuléan with A = i.

Here A is the color excess [23], viz. the absolute magnitude between the numbers of
black and white vertices. The Kekuléan hydrocarbons (n + e) have A = 0.

‘When the chemical formula, C_H

2l is given, one finds the number of hexagons ()

from
h=t(a-g)+1
Another important invariant is the number of internal vertices ("i)’ given by
n=n-2s+6
Finally the Dias parameter (d)) [1] is obtained from
d3=%(33—n) -7
The excised internal structures [4,6] for strictly pericondensed benzenoids are
indicated in the subsequent figures. An excised internal structure is the set of internal

vertices with the edges connecting them.
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RESULTS AND DISCUSSION

One—isomer series

Already in the early paper Dias [1] pointed out that coronene (see Fig. 1)
represents the unique benzenoid isomer of C2 4l{12. It is a member of a one-isomer series
consisting of the polycircumcoronenes [1], or more generally j—circumbenzenes: j = 0 for
benzene, j = 1 for coronene (circumbenzene), j = 2 for circumcoronene (dicircum—
benzene), etc. All these benzenoids are normal (n). Other one-isomer series of n
benzenoids put forward by Dias [4,6] are the j-circumnaphthalenes and j-circumpyrenes;
see Fig. 1 for the ground forms (i. e. those for j= 0).

Dias [9] identified also the three one—isomer series for non-Kekuléan (o))
benzenoids: j—circumphenalenes, j—circumnaphthanthrene and j—circumbenzo[bc)—

coronene; cf. Fig.1.

benzene naphthalene

naphthanthrene

pyrene benzo{belcoronene

Fig. 1. Ground forms of the one—isomer series of benzenoids (white hexagons). Higher

members are obtained by successive circumscribing (indicated by grey hexagons).
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Benzenoids with A< 9

A complete list of the different classes of benzenoid isomers for k < 9 is given in
the following, including the number of isomers according to the above specified
classifications. For the individual numbers with references to original sources, here and
throughout this work, it is referred to the previous review [18]. Helicenic hydrocarbons

are not included.

h=1: CSHG (n);

B C,oHg (n);

h=13: CygHglo), Cp4Hyg (20);

h=4 CigHyg(m)s Cy7Hyp(0g), CpgHyg(5m);

h=5 CyoH, 1(0)), CogHjp(2nte), Ty Hyo(60,), CogH,(120);

h=6: CooH | o(2n+0), C23H13(4ol), 024H14(10n+3e+02), C25H15(2401],
CoH(360);

h=T: CogHyp(n), CosH4(30,), CogH,,(8nteto,), CorH,o(250,),
028H16(40n+22e+602), CQQHNUUGO]), CSOHIS(IISn)-,

h=s: CorHy5(01), CogHy(Tntetoy), CogH (210,),
CaqH, g(45n+13e+905), Cy H . (1440)), CyoH | o(180n+107e+120,),
C33H19(45301), CayHop(411n);

h=09: ngHM 3n+o0,), C 31 15(1501), 0321{ 6(3'|'n-1-9e+90;,)

(
33 17[1530]+03), C34II18(225n+108e+6302) 635 19(82301+2o3),
036H20(777n+575e+24902), 0371-{21(196601). 038H22(1489n].

In the extensive listings of Knop et al. [16] one finds the forms of all the 2 < 9
benzenoids depicted as computer designs. Some of these benzenoids, with special
reference to the chemical isomers, are found in the monograph of Dias [12]. This author
has also depicted several of the sets together with the corresponding excised internal
structures, namely for: C qHg(o;), CigH; (o)), CygH4(30y), C27H13(o]) 19}
Ci6H g(n), CoaH o(2n), Cy Ho(n) [4,6]; CogHy4(Tnteto,).



Fig. 2. The 9 033H15[601+o3) isomers (h = 10).

CyoHyy» C3gHy5 and Cy H (k= 10)
Among the benzenoids with h = 10 we shall consider the title isomers.
032H1 4(n) is ovalene or circumnaphthalene, belonging to a one—isomere series
[4.6].
For 033H15(801+03) Diag [9] has depicted the appropriate forms including their
excised internal structures. For the sake of later reference they are reproduced in Fig.2.
Here we wish to clear up the case of 034H16(31n+3e+802}. There are 34
Kekuléan benzenoids of these isomers, while Dias [1] gave the number 29, later changed
to 37 [6], a number which he repeated several times, also in the monograph [12]. For the
non—Kekuléan isomers the number is 8, while Dias [9] reported 5. The appropriate 42

forms are depicted in Fig.3.
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Fig. 3. The 42 Cs‘H16(31n+3e+302) isomers (k = 10). Here and throughout the figures,
the contours of excised internal structures for the strictly pericondensed benzenoids are
drawn in bold. For Cg,H, o there are 17 not strictly pericondensed benzenoids:

13n+e+30,.

&

Fig. 4. The 2 CyH, (20, ) isomers (k = 11): ground forms for a two—isomer seies.
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Cy5ll, 5 and Ca T, o (R = 11)

For (_335[115('201) Dias [9] depicted the two forms and their excised internal
structures. They are reproduced in Fig. 4 because they are especially important as being
the ground forms of a two-isomer series consisting of polycircumbenzolhefovalenes and
polycircunbenzo[ghlovalenes [18].

The case of Caglly g(13n+2e+60,) again needs a clarification. Dias [6,9] reporied
21 Kekuléan benzenoids of these isomers, but changed the number to 20 in hix
monograph [12], which also containg the pictures of the pertinent benzenoids. The latter
number, viz. 20, is correct. Dias [9] reported also the number 4 for the non—-Kekuléan

isomers, while it should be 6. For the sake of clarity we show (Fig. 5) all the 26 forms of

the (I’:]GHIG isomers.
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Fig. 5. The 26 C,.H, .(18n+42e+60,,) isomers (h = 11). The last two of the n henzenoids
L 3616 2

are not strictly pericondensed.

Cy M, s and CyoH, o (b= 12)
037}!]5(01) is circumphenalene, a member of a one—isomer series [9].
For C38H16(10n+302) Dias has correctly indicated the 10 Kekuléan [4,6,12] and 3
non—Kekuléan [9] forms. For the sake of completeness they are reproduced together (in

the present style) in Fig. 6.
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Fig. 6. The 13 038H16(10n+3°2) isomers (h = 12).
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Fig. 7. The 4 040H15(3n+02} isomers (k = 13): ground forms for a four—isomer series.
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CyoHyg and Cy Hy 2 (h=13)
0401{16(3n+02) are three normal [4,6,12] and one non—Kekuléan [9] benzenoid
(see also Fig. 7). They are the ground forms of a four—isomer series [6].
Figure 8 shows the 35 non—~Kekuléan C4IH17(34°1+°3) isomers, including the

one which erroneously was omitted by Dias [9].

CyoH, g and 0431117 (h=14)
C 42Hm(n) is circumpyrene [4,6,12], a member of a one-isomer series.
For C43H17(1501+03) Dias [9]) depicted two isomorphic forms and missed two

others. The 16 non—isomorphic forms are displayed in Fig. 9.

Cy5H;7 and C oH, o (k= 15)

C45H17(401) represents the four non—Kekuléan isomers, of which Dias [9] only
identified three forms. They are given in Fig. 10 and are especially important inasmuch
as they are the ground forms of a four—isomer series.

Cy6H, g(47Tn+2e+200y+0,) is & case which again needs a clarification. Dias [6]
reported the number of 56 Kekuléan benzenoids, while we have arrived at 49 [18]. For
the non—Kekuléan isomers we derived [18] the number 21 as an original result. The

totality of 70 forms are depicted in Fig. 11.

CyyH,7 and C oH, o (k= 16)
C 47H17(01) is circumnaphthanthrene, 4 member of a one-isomer series [9],
C48H18(22n+802) represents the 30 appropriate isomers. With regard to the
Kekuléan benzenoids Dias [4] originally depicted 18 forms with their excised internal
structures, but corrected the number to 22 shortly thereafter [6,12]. For the
non—Kekuléan isomers Dias [9] depicted correctly the 8 excised internal structures. For

the sake of completeness we give a reproduction of the forms in Fig. 12.
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Fig. 8. The 35 C41H17(3401+03) isomers {(h =13). The last one of the 0, benzenoids is

not strictly pericondensed,
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Fig. 9. The 16 C43"17“501+°5) isomers (k= 14).
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Fig. 10. The 4 CycH ,(do;) isomers (h = 15): ground forms for a four-isomer series.
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Fig. 11. The 70 C“Hm[ﬂn-i-?e-fmoz-md) isomers (k = 15) The last two of the n

benzenoids are not strictly pericondensed.
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Fig. 12. The 30 C,gH, o(22n+80,) isomers (h = 16).
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CyoHly g (A=17) and CoH, ¢ (h=18)

The 059H18(7n+20.2) isomers consist of 7 Kekuléan [4,6,12] and 2 non—Kekuléan
[9] benzenoids, which all were identified by Dias. They are the ground forms of a
nine—isomer series [6]. The forms in question are reproduced in Fig. 13.

The two Kekuléan benzenoids from C52H18(2n+02) have been depicted, with or
without the excised internal structures, several times by Dias [4—7,9—12]. For the sake of
completeness they are also reproduced in Fig. 14. Dias [6] identified the pertinent

three—isomer series, of which the ground forms are the h = 6 benzenoids appearing as the

excised internal structures of Fig. 14.

Fig. 13. The 9 050H18(7n+202) isomers (h = 17): ground forms for a nine—isomer series.
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Fig. 14. The 3 C52H18[2n+02] isomers (h = 18): the excised internal structures are the

ground forms for a three-isomer series.

CyyH,g and CoH, o (h=19)

Cp 1t g(n) is circumcoronene ).

For 055H19(1701+03) Dias (9] reported 15 isomers (without figures), while we

have arrived at the 18 forms of Fig. 15.

CypH, g (h=20)

The CgoH,g(40,) isomers were enumerated by Dias [9] without indicating the

forms. They are depicted in Fig. 16 and are the ground forms of a four—isomer series.
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Fig. 15. The 18 055}!]9(17ul+03) isomers (k = 19).
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Fig. 16. The 4 CgzH, (40, ) isomers (h = 20): ground forms for a four—isomer series.
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CsgHl g and CgoHyy (= 21)
CgoH g(0;), a member of a one—isomer series [9], is circumbenzo[bcjcoronene.

The forms of the C (32n+150,) isomers are displayed in Fig. 17. Our

60H‘20
analysis of this set was originally prompted by the special treatment of Cg) benzenoids
published by Dias [14]. In a previous note [17] we have pointed out the significant errors

which Dias had committed on this point,

CgoHyg (h=22)

For the Cgolyo(12n+40,) Dias [6] gave the right number 12 (without
illustrations) when the Kekuléan benzenoids are concerned. For the non—Kekuléan
benzenoids on the other hand, he missed one form [9]. The case is important inasmuch as
these benzenoids are basic forms of a sixteen—isomer series. The forms are depicted in

Fig. 18.

CgyHag (h=23), CgcHoy (h=24) and Cgglly) (A= 25)

The three Kekuléan benzenoids from CG 4H20(:3n+02) have been depicted several
times by Dias [5-7,12]. He has also given the number of non—Kekuléans [6,9] and
identified the four—isomer series [6] to which these benzenoids belong. It is referred to
Fig. 19, where the ground forms are the A = 9 excised internal structures,

CggHog(n) is cireumovalene or dicircumnaphthalene [4,6], a member of a
one—isomer series.

For the CBQH21(12°1+°3) benzenoids we shall introduce an abbreviation in their
specification. It is sufficient to state that 9 forms (Bol+03] are obtained by
circumscribing the benzenoids of Fig. 2. The additional 4 forms (4o,) are depicted in
Fig. 20.
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Fig. 18. The 16 0621{20(12“402) isomers (h = 22): ground forms for a sixteen—isomer

series.
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Fig. 19. The 4 CMH20(3A+02} isomers (A = 23): the excised internal structures are the

ground forms for a four—isomer series.

Fig. 20. The 4 069H21(4°1) isomers {h = 25) which supplement the 9 forms (Bul+o3]

obtained by circumscribing the benzenoids of Fig. 2.
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Fig. 21. The 3 C?6H22(‘2n+02) isomers (h = 28) which supplement the 13 forms
(10n+30,) obtained by circumseribing the benzencids of Fig. 6.

CqHy, (A= 26), Cpolly) (h=27) and CcH,y, (A= 28)

The C?1H21(2°l) benzenoids belong to a two—isomer series and are abtained by
circumscribing those of Fig. 4.

Cr4H,,(0y) is dicircumphenalene [9].

The set of G Hoo(12n+40,) is again specified in an abbreviated form: 13 formns
{10n+30,) are obtained by circumscribing the benzenoids of Fig. 6, and the additional 3

forms (2n+02) are given in Fig. 21.

CrgHy, (=29}, CgyHyy (h = 30) and CyyH,y (h= 3

The 078H22(3n+02) benzencids belong to a four—isomer series [6] and are
obtained by circumscribing the forms of Fig. 7.

CSOHQZ(n) is dicircumpyrene [4,6].

The set of CggHya(190;+04) is obtained by circumscribing the 16 forms
(1501+03) of Fig.9 and taking the 4 forms (401) of Fig. 22 in addition.
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Fig. 22. The 4 C83H23{4ul) isomers (& = 31) which supplement the 16 forms (150, +04)

obtained by circumseribing the benzenoids of Fig. 9.

CggHyg (b= 32), CgyHgn (h=33) and CggHgy (A= 34)

085823(401) are members of a four—isomer series, and are obtained by
circumscribing the forms of Fig. 10.

C87H23(°1) is dicircumnaphthanthrene [9].

The CQUH24(27n+1202) forms are obtained by circumscribing the 30 benzenoids
(22n+802) of Fig. 12 and taking the 9 forms (5n+402) of Fig. 23 in addition.

Cgolly, (k= 35), CgyHy, (b= 36), Coglly, (h=37) and CygH, - (h=138)

The Cy,H,,(7Tn+20,) benzenoids belong to a nine-isomer series [6] and are
obtained by circumscribing the forms of Fig. 13.

Cg4Hoy(2n+0,) represents a three—isomer series [6]. The forms are obtained by

circumscribing the benzenoids of Fig. 14.
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Fig. 23. The 9 CgyH,,(5n+40,) isomers (A = 34) which suppiement the 30 forms
(22n+502) obtained by circumscribing the benzencids of Fig. 12.
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Fig. 24. The 2 099H25(2°l) isomers (h = 38) which supplement the 18 forms (170, +04)
obtained by circumscribing the benzenoids of Fig. 15.

Cygllgy(n) is dicircumcoronene [1].
The forms of ngH25(1901+03) are: the 18 benzenoids (1701+03) of Fig. 15
circumscribed, in addition to the 2 forms (201) of Fig. 24.

Benzenoids with 39 < A < 44

The set of 01011125(401) forms belongs to a four—isomer series of benzenoids with
h = 39. They emerge by circumscribing the forms of Fig. 16.

Cg3Hg5(0;) is dicircumbenzo[beJcoronene [9], a benzenoid with & = 40.

The benzenoids of C,ncHoe(38n+190y) with h = 41 are obtained by:
circumscribing the 47 forms (32n+1502) of Fig. 17 and adding the 10 forms (6n+4o,) of
Fig. 25.

The 0108H26(12n+402] forms for these benzenoids with k = 42 are obtained by
circumscribing the forms of Fig. 18.

The Cl1nH26(3“+02) benzenoids with A = 43 emerge by circumscribing the forms
of Fig. 19 [6].

Cl 121!.,6(11) is tricircumnaphthalenc [4.6]. a benzenoid with k = 44.
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Fig. 25. The 10 C Hzﬁ(ﬁn Moz) isomers (h = 41) which supplement the 47 forms

106
(32n+1502) obtained by circumscribing the benzenoids of Fig. 17
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CONCLUSION

The theoretically possible numbers of isomers for different chemical formulas has
always been considered as important information in organic chemistry. The traditions of
isomer enumeration goes more than hundred years back [24] when we think of the
C gy 49 alkanes. The story of their enumeration has been vividly described by Knop
et al. [16].

The myriads of chemical formulas of benzenoid hydrocarbons was a chaos until
Dias (see above) started their systematization. He collected the formulas in a periodic
table and devised useful methods of isomer enumerations. We understand the
importance of listing the numbers of benzenoid isomers, but of course the published
numbers should be correct. As it has been demonstrated above the Dias numbers are in
general not reliable. We have recently produced extensive listings of revised numbers
[18]. The present work deals with the benzenoid isomers of relatively few numbers, for
which it is practically feasible to specify the forms.

Painstaking precautions have been taken in order to avoid errors in the present
material. Yet if anybody should detect one or more errors the authors would be grateful

for a notice.

Acknowledgement: Financial support to BNC from The Norwegian Research Council for

Science and the Humanities is gratefully acknowledged.
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