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Summary .

The Kekuié structures of benzenoid hydrocarbons
have, according to the valency-bond treatment of L.
Pauling, a statistical significance only, while the
molecular-orbital theory dispenses with them entirely,.

The synthesis of a hydrocarbon with no Kekulé
structure, named for simplicity triangulene, vias attempted
to find out how far these assumptions are justified. De -
hydrogenation of dodecahydrotrisngulene and hexahydro-
triangulene, and a study of the reduction of triangulene-
quinone indicated that triangulene is an unstable diradical
which polymerises as soon as it is formed. It can there-
fore be concluded that a hydrocarbon which lacks a Kekulé
structure possesses no aromatic character.

While investigating triangulene, a new synthesis of
pentaphene was dilscovered, which is superior to the earller
synthesis in that no isomeric hydrocarbons are formed,

As coeranthrene and naphthanthrene have skeletons
closely rélated to that of triangulene, these compounds
and their derivatives were prepared and used for comparison
purposes,

To arrive at a fuller understanding of the aromatic
state it 1s necessary to ascertain if a single Kekulé

structure is sufficient to lend aromatic character to a
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benzenold ring system, The hydrocarbon, . zethrene in
which the two central double bonds are fixed when for-
milated in terms of classical structures, has been syn-
thesised, Its properties are so extraordinary that it
mist be concluded that 2zethrene is not a true aromatic
hydrocarbon and that it has a pronounced tendency to assume
a8 structure in which two localised electrons are surrounded
by a closed system of conjugated double bonds,

From these experimental facts the following definition
i1s proposed: aromatic resonance demands the participation
of at least two Kekulé structures in which no double bond
is l1solated and which are of similar energy.

The unusual properties of perinaphthenone, e.g.,
its solubility in hydrochloric acid, have been attributed
to its assuming a structure in which the external carbon
atoms are joined by a system of alternating double bonds.
Further investigation of this phenomenon has resulted in
the production of stable free radicals derived from peri-
naphthenone, in which a lone electron 1s localised at the
central carbon atom,

Symmetrical tribenzoperinaphthene has been syn-
thesised, and although attempts to form the corresponding
free radical were unsuccessful, the isolatlon of tribenzo-

perinaphthylium salts was accomplished.
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A hydrocarbon obtained as a by—productvin a pre-
paration of hexahydrotriangulene was identified as 2:3-
benzofluoranthene and, from a study of 1ts absorption
spectrum and the application of the Anellation Principle
of E, Clar, it was predicted that the red hydrocarbon,
obtained in the ring-closure of 9-phenyl-1:2-benzanthracene
to 1:2-3:4-dibenzopyrene, was 2:3-6:7-dibenzofluoranthene,
This hydrocarbon was therefore synmthesised from S5-phenyl-
naphthacene and the prediction proved to be correct,

5-Benzylnaphthacene was prepared to demonstrate
further the tautomerism between the methylacenes and the
methylene-dihydroacenes. From a study of the absorption
spectrum of this hydrocarbon it appears that there 1is
present an appreciable proportion of the methylene form,
9-benzylidene-2:10-dihydronaphthacene, Attempts to
separate the two tautomers, however, were not successful,

Finally, the initial steps of an unambiguous syn-
thesis of 1:9-5:10-diperinaphthyleneanthracene were carried
out,. Although the final reduction to the hydrocarbon
proved to be difficult, a product, which is probably the
hydrocarbon, was obtained. |

Throughout these investigations, the absorption
spectra of many of the compounds were studied, and they
were invaluable in the assigning of correct structures.
The Anellation Principle of E, Clar was extended and new

anellation series were found.



Discussion.

The Significance of Kekulé Structures (1).

The Kekulé structures of benzenoid hydrocarbons
are, according to the valency-bond treatment of L, Paul-
ing (2), of statistical importance only, in that each
structure contributes towards the normal state of the
molecule to a certain fixed percentage, depending on its
stability. The molecular-orbital treatment dispenses
with Kekulé structures entirely and has on occasion even
denied their having any significance at all.

In order to find out how far these assumptions are
justified, the synthesis of a hydrocarbon, which has been
named triangulene, was attempted. Triangulene cannot be

formulated in any way to give a Kekulé structure and there-

T U

fore it must be, according to classical structural theory,

=l

a diradical (I), which would be quite unstable and would

polymerise immediately.
However, considering the symmetrical structure (I1)

from the standpoint of quantum mechanics and the principle



of resonance stabilisation, it is possible that the mole-
cule could acqulre a certain stability by the combination
of the 4 r electrons (indicated by dots) to form a non-
localised molecular-orbital system with an external closed
polyene system as shown, Similarly, the symmetrical
"excited" structure (III) could form a stable molecule.

However, the experimental results, which willl be
described in detall later, indicate that triangulene is
an unstable diradical which polymerises as soon as 1t is
formed, Thus it is concluded that a hydrocarbon which
lacks a Kekulé structure has no aromatic character, No
other system of trigonal symmetry with a uniform distri-
bution of paired electrons in molecular-orbitals over the
whole ring system seems to exist. This excludes the
existence of m-quinonoid and similar systems which cannot
be expressed in terms of classical structures, Thils re-
sult was predicted by Clar (3) from the standpoint of
classical structural chemistry and later by Longuet-
Higgins (4) from the gquantum mechenical standpoint.

In order to arrive at a definition of the atomatic state,
1t 1s necessary to ascertain if a single Kekulé structure is
sufficient to lend aromatic character to a benzenold ring
system, This was accomplished by synthesising the

hydrocarbon, zethrene, which, according to the classical



structure (IV), consists of an upper and lower naphthal-
ene complex and two central double bonds which are fixed

and can only promote electron transfer of a low order

1<l
i<l

such as is found in the polyenes,

The properties of ~zethrene, e,g., its absorption
spectrum, its ability to form salts with weak acids and
its ease of reduction, are so extraordinary that it must
be concluded that the hydrocarbon has a pronounced ten-
dency to assume the structure (V), which has two localised
electrons (indicated by dots) at the central carbon atoms
and an external 8-shaped closed polyene system, This
system 1s capable of forming three Kekulé structures as
is the case for naphthalene,

The conclusion from these experiments is that a
benzenold hydrocarbon with only one Kekulé structure has
no aromatic character and that 1t tends td assume a form

which is capable of forming more Kekulé structures, even
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though a bond between two TW«electrons is thereby partly
sacrificed.

Aromatic resonance therefore demands the partici-
pation of at least two Kekulé structures, in which no
double bond 1s isolated and which are of similar energy.
The Kekulé structures of benzenoid hydrocarbons are, in
effect, the transition states in the passage of a r-

electron (¥) through the ring system.

J— 00— O

It should be noted that no experimental evidence
has been obtalned to support the idea that Dewar and other
structures with long linkages, participate in the ground
state of the normal aromatic hydrocarbon. The se
structures are only formed on excitation with light or by
the action of strong acids, e.g., concentrated sulphuric
acid, perchloric acld and HAlClé.

The molecular-orbital theory and this new definition
of the aromatic state are compatible, if it is accepted
that the 9r-electron pairs in the various levels cannot
move Independently of one another through the ring system,

but must form Kekuld strucbures as transition states,
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The Anellation Princlple of E, Clar (21,22,23).

The absorption spectra of aromatlc hydrocarbons
have been resolved into three classes of bands by E,

Clar (22 to 26) according to their behaviour under various
physical conditions. The three classes have been termed
&, /3-, and para-bands.

a). The para-bands, which shift to the red with a
decrease in temperature, are the long wave bands in the
spectra of anthracene and the higher acenes and the second
group of bands in benzene and naphthalene. The para-bands
shift strongly to the red on linear anellation in the
acene series and slightly to the violet on angular asnellation
in the phene series (positive and negative anellation
effect (24)). A considerable increase or decrease in re-
activity, e.g., photo-oxidation and addition of maleic
anhydride, is associated with these shifts and the.para-
bands are therefore attributed to an electronic transi-
tion from the ground state to an excited para- or Dewar
form, In the acenes, the intensities of the para-bands
lie between log € = 3.5 - 4.3.

b). The &« -bands, which are less intense, shift
slightly to the violet with decreasing temperatures, A
strong shift to the red, which is accompanled by an increase

in the reactivity of the central nucleus 1s obtalned on
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anellation in the phene series, In the acene series, a
gimllar shift is obtained on linear or angular anellation.
The bands are the first group in the absorption spectra
of benzene, naphthalene and the phenes, For anthracene
and the higher acenes they are hidden, or partly hidden
by the more iIntense para-bands, The intensitles of the
« -bands lie between log &€ = 2 - 3,

c). The A -bands, which are the most intense group
of bands and which lie more in the ultraviolet, shift
considerably to the red with decreasing temperatures,
They show the same anellation effect as the ~bands and
it has been found that for uniplanar aromatic hydrocarbons,
the ratio of the frequencies of the o - and /3 -bands is

constant, viz, -

1 1 1 1
) s V, = = = : = - = = 1 :1,35
« A (22 52) ( o2 42>

The intensities of the /B -bands lie in the région
log € = 5,

From a study of the absorption spectra of aromatic
hydrocarbons, E. Clar has shown that the wavelengths of
the absorption bands can be calculated from the simple
relationship A = K:2/3, where K, which is called the
Order Number of the hydrocarbon, is a simple function of
the number of 1 electrons in it and R is a constant

which can be related to Rydberg's Constant.
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For example, when the « -bands of the phense
series (benzene, naphthalene, phenanthrene, tetraphene,
pentaphene and hexaphene) are compared, the similarity
in type 1s striking. Moreover, an even closer relation-
ship 1s apparent between each second group of bands,

The wavelength of the first o« -band of the above hydro-

K2
/R“
R, = 2194600 em™1 and the Order Numbers (K) equal 73,

carbons can be calculated from A& = where
8, 8%, 9, 9% and 10 respectively (22).

In the same way the first band of the 3 -absorption
K*/

of the phenes and acenes can be calculated from AA = R

3
where K has the same value for the hydrocarbons listed

above and is equal to 8%, 9, 9% and 10 for anthracene,
tetracene, pentacene and hexacene, The constant R4
for this serles is equal to 2962700 cm™t and it is readily

seen that the constants R, and Rps are in the ratio

1 1 1 1
- H - = 1 3% 1,35
(%) (b k)

The significance of the Order Number (K) is that,
with 1ts help, the two constants R 4 and K , can be re-
lated to Rydberg's Constant (R) by the following simple
equations:-

2 }
Lo .2 L L mcL—'—:‘:Z_.K(—H——z)
% (a‘ 3‘) * 7k Tk

Ay R A

where the Nuclear Charge (Z) = 12, which is double the



14,

Nuclear Charge of carbon = 6, Both the above equations
are comparable with Moseley's Equation for the calculation

of the frequencies of the characteristic X-ray lines of

the elements,

Y- (z- ¢)2.5 (ig}nz)

where Z2 = Nuclear Charge = atomic number of the element

o= The screening constant, which is approximately
constant throughout any given series

R = Rydberg's Constant
n and m are integers,

In the acene series, the wavelength of the first para-
bend is calculated from the equation A = Kp°/Rp, where
Rp = 1712800 cm‘l. In this series, however, the Order
Number (Kp) does not have the same value as the Order
Number (XK) used in the calculation of the wavelengths of
the first MB-bands of the acenes, but is equal to 6, 7, 8,
9, 10 and 11 for benzene, naphthalene, anthracene, tetracene,
pentacene and hexacene, The relationship between the two
Order Numbers is given by the equation:

Kp = 2K - 9,

This Principle and its theoretical implications
have been developed and extended by E. Clar, and other
enellation series have been found, e.g.,

i) the para-bands of the perylenes,



1i) the para-bands of the pyrenes,

111) the para-bands of the peropyrenes,

In the present work, the absorption spectra of
new hydrocarbons which have been synthesised have been
studled and where applicable have been fitted into the

Anellation Principle, thereby giving new anellation

serles,

15,
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The Synthesis of Pentaphene (5).

Compounds having the triangulene skeleton have
been synthesised (Weisz et alia, (6)(7)) and thelr method
was first adopted,. These authors have clalmed that the
two products of different melting point, obtained from
the reaction of o-tolylmagnesium bromide with phthalic
anhydride, have the phthalide constitution, The higher
melting (m.p. 1760) has now been synthesised by the oxi-
dation of tri-o-tolylcarbinol (VI) with dilute nitric acid
snd is without doubt di-o-tolylphthalide (VII), The
properties of tri-o-tolylcarbinol prepared by us agree
with those described for samples prepared by different
methods (8)(9).

We have found, however, that the second product
(m,p, 126-131°) prepared by Weiz et alia (6)(7) is a
mixture of the phthalide (VII) and 1:2-di-0-toluoyl-
benzene (XI) and that the tendency to form the latter is
so pronounced that even the reaction of as-phthaloyl
chloride with o-tolylmagnesium bromide ylelds mostly the
diketone (XI) and only a little phthalide (VII). Mono-
o-tolylphthalide (XX) and 2-o-toluoylbenzolc acid were
obtained as by-products, both of which gave benzophenone-
2:2'-dicarboxylic acld dilactone (XXI) on oxldation with

alkaline potassium permanganate solutlon.
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The structure of the diketone (XI) was proved by
1ts condensatlion with hydrazine hydrate to give 1:4-di-
o-tolylphthalazine (X). This reaction also proved a
method of lsolating the pure phthalide (VII) from the
mixture (m.p. 128-131°), as the azine remained in the al-
coholic solution, while the phthalide crystallised out
unchanged., A good qualitative test for the presence of
the diketone (XI) 1s the reduction with zinc dust in
acetic acid which yields a yellow blue-fluorescent solu-
tion of the isobenzofuran (XIV). The interesting pro-
perties of the corresponding diphenyl compound were studied
in detail by Guyot and Catel (10).

The pure diketone (XI) melted at 146°; when mixed
with an equal amount of the pure phthalide (VII)}, a melt-
ing point of 125-128° was observed, which corresponds
with the m,p. of the second alleged phthalide (Weisz et
alia, (6)(7)).

The diketone (XI) was oxidised with dilute nitric
acid under pressure or alternatively in two stages, viz.,
first with dilute nitric acid solution end then with al-
kaline potassium permanganate solution, to a dicarboxylic
acid which crystallised from acetic acid as the dispiran
(X11). Similar oxidations of the phthalide (VII) gave,

owing to a rearrangement which is the reverse of the
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benzilic acld rearrangement, good yields of the dispiran
(XII) with only a small proportion of the unrearranged
dicarboxylic acid (VIII). The latter could not be crystal-
lised but owing to its solubllity in acetic acid, the pure
dispiran (XII) was readily obtained by oxidation of the
mixture of (VII) and (XI) resulting from the Grignard re-
action of phthalic anhydride with o-tolylmagnesium bromide,
and crystallisation from acetic acid,.

The dispiran (XII), when heated with copper powder
at 3500, gave on sublimation a compound which proved to
be 9-(o-carboxyphenyl)oxanthranol lactone (IX), The
formation of this compound, whose properties agree with
those of a sample prepared by Scholl and Donat (1l), can
be explained by a ring-closure, such as takes place in the
formation of (IX) from 2-(o-carboxybenzoyl)benzophenone
(LIX). When the dispiran (XII) was submitted to the zinc
dust fusion procedure of Clar (12) a product was obtained
whose structure could not be established, although its
absorption spectrum, shown in Fig,l, compared with that
of 9-phenylanthracene, proves it to be an anthracene
derivative,

It 1s noteworthy that the melting points of the
dispiran (XII) correspond exactly with that of the tri-

phenylmethane-23:2' :2"-tricarboxylic acid of Welsz and
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Korczyn (6) and that the melting points of their methyl
esters are also very similar. It 1s possible that the
compounds ansalysed by these amthors were the dispiran
(XIT) and its methyl ester (XIII), formed by rearrangement
as described above. However, as they‘unQOubtedly obtained
compounds with the triasngulene skeleton, the material used
in further condensations must have contained the tri-
carboxylic acid,

The dispiran (XII) was reduced quantitatively with
zinc dust and dilute sodium hydroxide solution to the
double phthalide (XVI), In the initial stages of this
reduction a transitory red colour is developed which dis-
appears after five or ten minutes' boiling. The red
colour is obviously due to the formation of the inter-
mediate stage (XVII) containing an o~qulnonoid structure.
Further reduction of the diphthalide (XVI) with hydriodic
acid and red phosphorus gave the acid (XV) and also, due
to a simultaneous ring closure, pentaphene (XIX). Ring
closure of the acid (XV) with concentrated sulphuric acid
gave the reddish-brown 8-hydroxypentaphene-5:lé-quinone
(XvIIiz), When (XV) and (XVIII) were submitted to the
zinc dust fusion procedure of Clar (12), pentaphene (XIX)
was obtained,

This preparation of pentaphene is simpler and more
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efficlent than the earlier synthesis of Clar and Jom (13)
which involves a laborious separation from the accompany-
ing dihydropentacene,

The absorptioh spectrum (Fig.2) shows the purity
of the pentaphene obtained (c.f, Clar (14)). The ab-
gorption spectra of (XV) and (XVI) which are of the simple

benzene type are also reproduced in Fig,2,

The Synthesis of Triangulene Derivatlves.

The phthalide (VII), prepared by the oxidation of
tri-o-tolylcarbinol (VI), was reduced quantitatively to
the acid (XXII) with zinc dust and alcoholic pobtassium
hydroxide solution, which 1s contrary to the statement by
Weisz and Korczyn (6) that thils method gives poor yields.
Ring closure of (XXII) in a zinc chloride-sodium chloride
melt at 210° gave the anthrone (XXIII) which was oxidised
with dilute nitric or selenlous acid to the oxanthranol
(XXIV). Turther oxidation of (XXIV) by heating at 210°
with nitric acid under pressure gave a mixture of an un-
identified by-product, which did not contain nitrogen,
and the lactone acid (XXV). The mixture was regdily
separated by crystallisation from acetic acid, and reduction
of the acid (XXV) with zinc dust and sodium hydroxide

solution yielded a product, which was proved to be the
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dihydroanthracene derivative (XXVI) by its absorption
gpectrum which was of the simple benzene type,

The dark blue l1l2-hydroxytriangulene-4:8-quinone
(XXVIII) was obtained from the lactone acid (XXV) or the
crude unrearranged dicarboxylic acid (VIII) by heating
at 120° with concentrated sulphuric acid and copper powder,
and its properties agreed with those of a sample prepared
by Weisz and Korczyn (6). It is a strong acid giving
deep blue solutions in alkalis, in basic solvent, e.g.,
pyridine and in sodium acetate solution, and must be
largely ionic in character, for on acetylation by heating
in acetlic anhydride a deep red solution is obtained, as
would be expected for the covalent acetoxytriangulene
quinone, The acetyl derivatlive, however, is unstable and
hydrolyses very readily (cf, Weisz and Muller, (7)).

A short reduction of l2-hydroxytriangulene-4:8-
quinone (XXVIII) with zinc dust in sodium hydroxide solu-
tion, followed by reoxidation with a stream of oxygen,
gave the red triangulene-4:8-quinone (XXIX), which was
also prepared by the ring closure of the dihydroanthracene
derivative (XXVI) with concentrated sulphuric acid. The
absorption spectrum of the quinone (XXIX) is reproduced
in Fig.3 compared with that of coeranthrone (LXI) to

which it is closely related,
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Reduction of the quinone (XXIX) by heating at 210°
under pressure wlth hydriodic acid and red phosphorus
gave dodecahydrotriangulene (XXX), whose structure is
readily deduced from 1ts absorption spectrum, which is
shown in Fig.4 compared with that of hexahydropyrene
(XLVII)(15). Both of these compounds contain a naphthal-
ene complex and the fine structure apparent in the spectra
is probably due to their having a more rigid structure
than unsubstituted naphthalene,

Hexahydrotriangulene (XXVII) was prepared from 12-
hydroxytriangulene-4:8-quinone (XXVIII) by the zinc dust
fusion procedure of Clar (12), and its absorption spectrum
is reproduced in Fig,5 compared with that of 2:3-trimethyl-
enepyrene (XXXIII), Both spectra are of the simple pyrene
type and the small shifts to the red are due to the addition
of trimethylene bridges,

2 :3-Trimethylenepyrene (XXXIII) has been prepared
by the reduction of‘naphtho—(Z':7'-1:8)—anthrone-10 (XXX1I)
with hydriodic acid and red phosphorus (16), or more con-
veniently by the zinc dust melt of C(Clar, Chromatographic
purification (alumina) of the crude product gave a colour-
less compound (m,p. 112-113°) and it is probable that the
yellow product (m.p, 107-108°) obtained by Scholl and

Meyer (16) contained a small percentage of anthanthrene,
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Naphthanthrone (XXXI) which was prepared from pyr-
ene by a benzanthrone type condensation with glycerol
(ef, Vollmann, Becker, Corell and Streeck, (17)), was ob-
tained after chromatographic purification (alumina) as
bright yellow plates or needles, the melting point (252-
253°) of which was 10° higher than that previously reported.

A second route to triangulene derivatives is from
the di-m-xylylphthalide (XXXV; R = CHz, R' = H) and di-p-
xylylphthallde (XXXV; R = H, R' = CHz') which were pre-
pared by Weisz, Spitzer and Melzer (18) by the interaction
of xylene and sym-phthaloyl chlorlde in presence of alumin-
ium chloride, carbon disulphide being used as solvent,
The yields, however, were not good and the products from a
repsat of this method were found to contain o-diketones
derived from sym-phthaloyl chloride, for on boiling with
acetlic acid and zinc dust, bright yellow, blue-fluorescent
solutions were obtained, The formation of these o~diketones
is due to the reactlive xylenes combining with the sym-
phthaloyl chloride,before isomerisation to the as-phthaloyl
chloride by the action of aluminium chloride (19) can take
place. In support of this it has been shown (20) that a
similar reaction with the very reactive hydrocarbon, mesi-

tylene, ylelds 81% o-diketone.
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To overcome this difficulty, a complex of as-
phthaloyl chloride with excess aluminium chloride was
first formed (19) and the powdered solid added to the
Xylene, The phthalides (XXXV) obtained by this method
were free from o-diketones and the ylelds were greatly
improved.

Oxidation of the phthalides (XXXV), first with nitric
acid followed by alkaline potassium permanganate solution,
resulted in a rearrangement which is completely analogous
to that which occurs during the oxidation of di-p-tolyl-
phthalide (VII), and the dispirans (XXXIX) were obtained,
As was expected, decarboxylation of these dispirans by
heating with copper powder at 350° yielded 9-(o-carboxy-
phenyl)oxanthranol (IX),. The acetic acid mother liquors
from the crystallisations of the dlspirans gave on concen-
tration and dilution with water viscous products which
could not be crystallised but which mainly consisted of the
unrearranged acids (XL),.

The phthalides (XXXV) were reduced quantitatively to
the acids (XXXVI), which were ring closed to the anthrones
(XXXVII), Oxidation of these in two stages gave the
lactone acids (XXXVIII) which on reduction ylelded the
dihydroanthracene derivatives (XLII),. The strucbures of

the latter were proved by their absorption spectra which
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are of the simple benzene type. The dark red triangul-

ene quinone dicarboxylic acids (XLVI) were prepared from
(XLII) by heating with concentrated sulphuric acid, =

little m-nitrobenzene sulphonic acid being added to take

up excess hydrogen, These acids (XLVI) were converted

(a) to triangulene-4:8-quinone (XXIX), by vacuum sub-
limation from copper powder, and (b) to dodecahydro-
triangulene (XXX) by reduction with hydriodic acid and red
phosphorus under pressure and distilling the crude reduction
product in a vacuum from soda lime,

To utilise the crude unrearranged acids (XL), the

following steps were carried out, (a) XL —— XLI — XXVIII
and (b) XL —— XLIII — XLIV — XLV — XXIX, In the

first route (a), the acids (XL) were heated in concentrated
sulphuric acid with copper powder at 1500, and dark blue
products (XLI) were obtained, whose properties agreed with
those of samples prepared by Welsz et él;g (18). These
were purified by thorough extraction with boiling acetic
acid and were decarboxylated to l2-hydroxytriangulene-4:8-
quinone (XXVIII) by boiling in quinoline with a copper
chromite catalyst. A

The intermediate stages of the second route (b)
showed little tendency to crystallise and could not be
obtained in an analytically pure state., However, the pro-

posed structures are in agreement with the properties of



the compounds isolated. The acids (XL) when heated at
150° with concentrated sulphuric acld gave colourless
compounds (XLIIT) which were reduced to the colourless
dihydroanthracene derivatives (XLIV). Ring closure of
(XLIV) followed by decarboxylation of the resulting dark
red triangulene quinone dicarboxylic acids (XLV) as above
yielded the well-defined triangulene-4:8-quinone (XXIX).

When hexahydrotriangulene (XXVII) was dehydro-
genated by subliming it over a palladium~charcoal catalyst
(27, 28; 29) at 310° in a vacuum, it was absorbed completely
Into the catalyst and no sublimate was obtalned, The
activity of the catalyst was carefully tested before and
after the application of the hydrocarbon by the dehydro-
genation of 9:10-dihydroanthracene (m.p. 105°) and in all
cases pure anthracene was obtained, Even when the catalyst
was heated to 500° in a vacuum no sublimate was obtained
and as a dimerlde of triangulene would have sublimed under
such conditions, it must therefore be assumed that polymer-
isation was complete, A similar result was obtained when
hexahydrotriangulene (XXVII) was dehydrogenated in tri-
chlorobenzene with a palladium-charcoal catalyst at 200°,
Here the absorption spectrum of 4:8-dihydrotriangulene (LV)
was observed as an intermediate stage of dehydrogenation,
but owing to immediate polymerisation no absorption of

triangulene became visible,



30,

H (o)
Ha W Ho Ha
Ha
| —_— — Ho



51.

Another attempt to obtain triangulene by dehydro-
genation was made using dodecahydrotriangulene (XXX).

When this hydrocarbon was melted with a palladium-charcoal
catalyst under pure carbon dioxide (30 to 33) at 200° a
brisk evolution of hydrogen was observed which when col-
lected corresponded roughly to the formation of hexahydro-
triangulene (XXVII), On heating at 250° a new evolution
of hydrogen was observed, but at a greatly reduced rate.
After five hours, high vacuum sublimation of the residue
yilelded only some hexahydrotriangulene (XXVII) and no
other triangulene derivative was detected,

The complete polymerisation of triangulene under con-
ditions in which even the most reactive aromatic hydro-
carbons, such as hexacene (34, 35) and l:2-benzhexacene (36)
can be prepared, indicates that triangulene is an unstable
diradical, As has already been stated, the interpretation
of this result is that Kekulé structures are of paramount
importance when considering the stability of aromatic
hydrocarbons,

This view is further supported by the results obtained
from the reduction of triangulene-quinone (XXIX), A super-
ficlal observation suggests that triangulene-quinone forms

a blue-green vat with alkaline sodium dithionite solution

which dyes cotton green and which, after oxidation, changes
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to red, If this were a true vat, it would be derived
from the diradical formmla (XLVIII)., However the analysis
of the blue sodium salt shows that it contains only one
atom of sodium and it must therefore be derived from the
forrmla (XLIX), The "vat" therefore results from the re-
duction of one carbonyl group only and does not prove that
triangulene~-quinone has quinonoid properties. Moreover
acidification of the blue-green "vat" with acetic acid gives
the free, violet-blue hydroxy compound, which has properties
similar to those of coeranthronol (11) as would be expected
from the formula (XLIX).

Further reduction of triangulene-quinone (XXIX)
with zinc dust and sodium hydroxide solution gave, after
the acidification of the greenish-yellow solution, a brown
product, the acetaﬁe (LVIIT) of which has an absorption
spectrum (Fig,6) closely related to those of naphtho-
(2! :7'-1:8)anthrone (XXXI) and 1:2:3:8-tetrahydro-8-keto-
triangulene (LVII) (Fig,7). The compound must therefore
have the strueture (LIII). Its formation can be explained
by the reduction of the second carbonyl group to give (LIV),
followed by the migration of three hydrogen atoms to'give
(LIII), a rearrangement which seems to be typical for
triangulene derivatives of this kind.

Prolonged treatment with zinc dust and sodium

hydroxide solution reduced triangulene-quinone (XXIX) to
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(LIT) and (LI), which on sublimation ina vacuum Llost
water to glive 4:8-dihydrotriangulene (LV) and 1:2:3:8«
tetrahydro-8-ketotriangulene (LVII) respectively. The
constitution of the latter was established by its absorption
spectrum (Fig.7) which bears a striking resemblance to
that of naphthanthrone (XXXI),. In accordance with this
formulation, the compound cannot be acetylated, does not
show any phenolic properties belng insoluble in strong
alkalil and 1s reduced to an autoxidisable product with zinc
dust in boiling acetlic aclid, as in the case of benzanthrone,
4:8-Dihydrotriangulene (LV), which was also obtailned
as a by-product in the zinc dust melt of (XXVIII) and dur-
ing the dehydrogenstion of hexahydrotriangulene (XXVII)
in trichlorobenzene, is so readily oxidised that it could
not be obtained in a pure state, However, the experimental
evidence obtained indicates that 1t is a deepyellow hydro-
carbon with absorption bands at 4630A and 4440A, The
oxidation product, which is formed during purification, 1s
1:2:3:8-tetrahydro-8-ketotriangulene (LVII) and, as the
carbinol (LVI) is the most probable intermediate stage,
the formation of (LVII) is a remarkable example of the
above-mentloned rearrangement, (LIII), (LV) and (LVII)
were also obtained by the reduction of trisngulene-quinone
(XXIX) with zinc dust in acetic acld.
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The only derivative of 4:8-dihydrotriangulene (LV),
which can be obtained by the direct reduction of triangul-
ene-quinone (XXIX), 1s the diacetate (XXXIV), Since it
only contains two hydroaromatic H atoms, no rearréngement
to a trimethylene compound is possible, As would be ex-
pected for a derivative of 4:8-dinydrotriangulene (LV),
it readily oxidises in alr and decomposes on heating,

The above results indicate that a compound, which
is derived from the 4:8-dihydrotriangulene structure (LV)
has a strong tendency to rearrange to a more stable system
if this 1s at all possible, Moreover, no compound having
e structure similar to that of (XLVIII) could be detected,
so that it must again be concluded that triangulene is an
unstable diradlcal,
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The Synthesis of Coeranthrene (26),

Coeranthrone (LXI) was prepared by Scholl and Donat
(11), and the method used in this synthesis is essentlally
that described by these authors,. J.W, Cook (37) has
shown that benzophenone-2:2'-dicarboxylic acid anhydride
(XXI) reacts with phenylmagnesium bromide to give the acid
(LIX); The latter, on treatment with concentrated sul-
pluric acid, is ring-closed to the lactone (IX), which is
reduced with zinc dust in ethanolic potassium hydroxide
solution to the anthracene derivative (LX), Coersnthrone
(LXI) was obtained by Scholl and Donat from the latter by
treating with concentrated sulphuric acid, but it was found
that this condensation is better carried out using 100%
orthophosphoric acid as condensing agent, This last step
is a slight modification of the method used by Bradsher and
Vingiello (38).

In the same way as benzanthrone ylelds 9-hydroxy-
1:10-trimethylene phenanthrene (Clar and Furnari, 39),
reduction of coeranthrone (LXI) with zinc dust in dilute
sodlum hydroxide solution gives 2-hydroxy;l:lO-trimethyl-
ene-3 t4-benzophenanthrene (LXIa), which on heating in a
vacuum splits out a molecule of water to give coeranthrene

(LX1IV).
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The absorption spectrum of coeranthrene (LXIV) is
shown in Fig.8 compared with that of benzanthrene, The
linear anellation of one benzene ring has produced the
considerable shift to the red, which 1s expected, and a
new anellation series 1is given by the series diphenyl,
benzanthrene and coeranthrene. The wavelengths of thé
first para-bands of these compounds are approximately pro-
portional to 62, 72 and 8% as 1is required by the anellation

principle (Table I),

Table I,
Diphenyl Benzanthrene Coeranthrene
A in A 2500 3440 4280
Rp (cm-l) 147 x 10% do. do.
Kp = J)\Rp 6,06 7.11 7.95

Since coeranthrene (LXIX) has 20 -electrons, its first
para-band should be at the same wavelength as the first
para-band of perylene (4340A) which also has 20 W -electrons
and which fits more accurately into the anellatlon series.
This slight divergency in the spectrum of coeranthrene

from the calculated value is probably due to the hydrocarbon
being non-planar, owing to the overlapping of the hydrogen
atoms. This explanation is supported by the fact that the

retio of the frequencies of the « - and B-bands (V, : Vg )
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is equal to 1 : 1,26, which is considerably lower than
the constant value (1 : 1,35) found for uniplanar hydro-
carbons in which there is no overlapping of hydrogen
atoms and consequently no loss in resonance energy, e,.g.,
anthracene and pyrene (26),

Another new asnellation series is given by diphenyl,
benzanthrone (Fig,18) and coeranthrone (LXI) (Fig.3) in
“which the methylene group 1s replaced by a carbonyl group.
The T -electrons in the latter contribute towards the
aromatlc resonance system so that an additional red shift
equlvalent to half a benzene ring is produced. The wave-
lengths of the first para-bands of these compounds are

thus proportional to 62, (71)2, and (82)°%. (See Table II).

Table II

Diphenyl Benzanthrone Coeranthrone
Ain A 2500 3950 4970
Rp (cm=1) 147 x lO4 do. do.
Kp = ")\Rp 6,06 7.62 8.55

The deviation of coeranthrone from the anellation‘principle,
which is small, indicates a slight distortion only of its

molecular plane.

Reduction of coeranthrone (LXI) with hydriodic acid

and red phosphorus yields 1l:10-trimethylene-3:4-benzo-
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phenanthrene (LXV), the absorption spectrum of which is
shown in Fig,9 compared with that of naphtho-(2':7!'-1:8)-
anthrene (XXXII), Both spectra are very similar to that
of 3:4-benzophenanthrene, the shifts to the red being due
to the methylene group and the trimethylene bridge
respectively, As would be expected, the ratios (Vg : Vg )
are rather low (1 : 1,33 and 1 : 1,28 respectively) and
are considerably different for these hydrocarbons (26),
When coeranthrene (LXIV), which is readily photo-
oxlidised, 1s exposed to sunlight in the presence of oxygen,
the initial yellow, blue-fluorescent solution 1s quickly
decolourlsed and a colourless solution with a violet
fluorescence 1s obtained, When a warm solution of selenium
dioxide in acetic acid is added to an acetic acid solution
of coeranthrene (LXIV), containing a few drops of per-
chloric acid, dark brown needles begin to crystalllse out
almost at once, As this compound is rather unstable and
is readily hydrolysed, it could not be recrystallised,
but there is 1little doubt that it is either coeranthrylium
perchlorate (LXIII) or coeranthrenium perchlorate (LXII),
both of which are possible Stages in the oxidation of
coeranthrene (LXIV) with selenium dioxide, It will be
noticed that, in this case, a strong acid is required %o

give this reaction, For sym-tribenzoperinaphthene (XCVII)
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however, where the lon formed has a high degree of

symmetry, 1t 1s possible to carry out this reaction with

weaker aclds.
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The Synthesis of Zethrene (40),

Prior to the experiments described in this work,
a great amount of work had been done by Clar and his co-
workers (unpublished) on the synthesis of zethrene (V).
Many routes to the zethrene skeleton had been investiga-
ted but with little success, It now appears that the
method originally developed by Clar is the best way of
obtaining derivatives of zebthrene, despite the fact that
the ylelds are very poor (5 to 10%). Powdered aluminium
chloride is added to a solution of fumaroyl chloride and
naphthalene in benzene at such a rate that the mixture re-
fluxes gently, If cooling 1s applied during the addition
no useful material is obtalned, After the usual decom-
position of the reaction mixture and extraction of the
tarry by-products with hot xylene, a dark brown, rather
insoluble compound is lsolated which can be acetylated
and to which the structure (LXVI) has been assigned,

When this compound (LXVI) 1s reduced by means of
Clar's zinc dust melt, the yellow hydrocarbon 7:14-di-
hydrozethrene (LXVII) 1s obtalned, the sbsorption spectrum
of which is shown in Fig.10, While examining this compound
it was noted that the intensity of the absorption band at
45054 is not constant but depends on the method of purifi-

cation of the sample, Chromatographic purification gives
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a sample In which this band (indicated by a broken line
in the spectrum) 1s more intense than in a sample which
has been sublimed and recrystallised, However, the
melting points of thé two samples were identical and on
admlxture no depression of the melting point was obtained,
It 1s therefore proposed that the absorption band at
4505A 1s due to the presence of a small percentage of an
isomeric dihydrozethrene and that the amount present de-
pends on the mode of preparation,

Previous attempts to dehydrogenate dihydrozethrene
(LXVII) had been partially successful (Clar and Hopkins,
unpublished), but no analytically pure sample had been
obtained, and the unusual properties of the hydrocarbon
had cast doubt on the material lsolated, Zethrene (IV)
was finally obtained in a pure state by subliming dihydro-
zethrene (LXVII) over a palladium charcoal catalyst at
310° in a stream of pure carbon dioxide (30 to 33).

The apparatus was the same as that described for the de-
hydrogenation of hexashydrotriangulene (XXVII) and every
precaution was taken to prevent the hydrocarbon coming in
contact with oxygen.

By this method zethrene (IV) is obtained as a
bluish-green sublimate, which crystallises from trichloro-

benzene in glistening green plates which carbonise






44,

without melting at high temperatures, In neutral organic
solvents such as benzene it dissolves to give greenish
yellow solutions which on exposure to light decompose to
give a dark brown insoluble polymer, If oxygen is bubbled
through the solution during irradiation, however, photo-
oxldation takes place and from the absorption spectrum
(Fig.1ll) of the solution so produced, it appears that two
photo-oxides are formed (LXXII and LXXIII). Thus the
absorption bands at 4040A and 3840A are attributed to the
photo-oxide (LXXII) whose structure is c losely related to
that of dilhydrozethrene (LXVII) (c¢,f, Fig,10), while those
at 34054, 3250A and 3060A are attributed to the polar
structure (LXXIII) (c.f, zethrenium oxide (LXVIII), Fig.12).
The photo-oxides are unstable and on boiling with
palladium-charcoal (Fig.1l) or by passing the solution
through a colum of activated alumina they are readily
converted to zethrenium oxide (LXVIII),

Zethrenium oxide (LXVIII) 1is obtained as a by-pro-
duct in the reductlon of (LXVI) to dihydrozethrene (LXVIT)
and crystallises from acetic anhydride as dark red prisms,
It cannot be acetylated and does not enolise, even when
boiled with strong ethanolic potassium hydroxide solutlon.
Tt dissolves readily in strong acids, such as phosphoric
and hydrochloric acids, to glive violet solutions, which

on dilution with water are decomposed, the red oxide being
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preclpitated. The only formula which appears to satisfy
the above properties is the polar structure (LXVIII) in
which t he oxygen atom completes its octet by combining
with the two paired elsctrons at one of the central carbon
atoms, The framework then consists of a conjugated
system of double bonds which can form three Kekulé
structures. The absorption spectrum of the oxide is re-
produced in Fig.,1l2.

The most striking property of the hydrocarbon,
zethrene (IV) is its ability to form stable salts with the
weakest acids, Unlike the acld solutions of the oxide
(LXVIIL), dilution with water does not decompose these
zethrenium salts, The absorption spectra of these salts
are very similar to one another (Fig,1l3 énd Fig.22) and
all have an intense absorption band at 58004, This salt
formation of the hydrocarbon and the similarity of the
absorption spectra of the salts are attributed to the for-
mation of the common cation (LXXI). Solutions of zethren-
ium salts can also be produced by dihydrozethrene (IxvIiI),
by treating the hydrocarbon with an acid oxidising agent
such as chromium trioxide or selenium dioxide.

A1l the zethrenium salts are very readily reduced,
for example with stannous chloride, sodium dithionite or

zinc dust in acetic acid, to give yellow solutions with a
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violet fluorescence, The absorption spectrum of such a
solution 1ls shown in Fig,13 and it will be noted tﬁat it
1s completely different from that of 7 :14-dihydrozethrene
(LXVII) (Fig.10). However, after boilling for five hours
in acetic acld solution with zinec dust, conversion to

7 :14-dihydrozethrene (LXVII) (50% yield of purified mater-
ial) is obtained, It is very probable therefore that the
primary reduction product of the zethrenium ion (LXXI) is
zethrenium hydride (LXX) and on refluxing there is a
gradual migration of hydrogen atoms to give the more stable
dihydrozethrene (LXVII), As would be expected for such a
structure in which the two central carbon-hydrogen bonds
mist be rather weak, zethrenium hydride (ILXX) is very
quickly oxidised when exposed to the alr and it could not
be isolated pure in a solid state.

The absorption speetrum of zethrene (IV) which is
shown in Fig.1l4 bears no resemblance %to that of any known
aromatic hydrocarbon. Extensive spectroscoplc investiga-
tions by Clar (unpublished) have suggested that the bands
at 62204 and 5730A are due to the central structure (V)
while the intense peak at 4610A is due to the polyene
structure (IV). In other words, the hydrocarbon, zethrene
(IV) exists to a certain extent in the central form (V)
with two locallsed T-=electrons surrounded by an 8-shaped

aromatic system of double bonds which can assume three
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Kekulé structures, The unusual properties of the hydro-
carbon can therefore be attributed to the strong tendency
to form such a structure and it will also be noted that
the propertles of the zethrene derivatives LXVIII, LXXIITI,
.LXXI and LXX are best explained when similar structures
are postulated,

In contrast to the ease with which zethrene is
reduced, 7:1l4-dihydrozethrene (LXVII) requires to be re-
fluxed with hydriodic aclid and red phosphorus for two
weeks before 1t is completely reduced to hexahydrozeﬁhrene
(LXIX), This colourless hydrocarbon has an absorption
spectrum which 1s closely related to that of chrysene
(Fig.15), the shift to the red being due to the two tri-
methylene bridges. The unquestionable chrysene character
of this hydrocarbon is important in that 1t provides con-
vincing proof of the Z-shaped structure of zethrene and
its derivatives,

Tn an attempt to prepare the zethrene skeleton from
naphthalene and dibromosuccinyl chloride (Clar and Collier,
unpublished), a yellow hydrocarboﬁ was isolated which at
the time could not be identified, On repeating the re-
action, the same hydrocarbon was obtailned from the zinc
dust melt and its properties and absorption spectrum (Fig,
16) proved it to be peropyrene (LXXV)., The formation of
this hydrocarbon can be explained by the interaction of
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one molecule of dilbromosuccinyl chloride with one molecule
of naphthalene to give the perinaphthenone derivative
(LXXIV) which, when submitted to Clar's zinc dust melt,
will dimerise in the same way as does perinaphthenone
(ILXXXI) itself (41). Dehydrobromination and decarboxyla-
tion subsequent to dimerlsation will then yield peropyrene
(LXXV).

The above investigation of the properties of zethrene
(IV) led to the consideration of how other hydrocarbons
would behave under certain conditions, It was of course
assumed that Dewar snd other structures with long linkages
do not participate in the ground state of a normal aromatic
hydrocarbon, but that such structures can be_fonmed by the
influence of strong acids, Recent work by Clar has shown
that the green solution, formed by perylene (LXXVI) in
concentrated sulpmric acid and in benzene solution with
anhydrous aluminium chloride, rapidly changes to violet
due to the addition of a proton to the structure (LXXVII),
On snalogy with the reduction of zethrenlum salts (LXXI),
it was therefore predicted that perylene (LXXVI) under
these conditions would be readily reduced and that an un-
stable central dihydroperylene (LXXVIII) would be formed.

When & solution of perylene (LXXVI) in benzene was

boiled for ten minutes with aluminium chloride and zinc
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dust, rapid colour changes occurred and, after decomposi-
tion and purification, a colourless, violet-fluorescent
hydrocarbon was 1lsolated, the properties of which were
identical with those of hexahydroperylene (LXXIX) (42).
The production of this hydrocarbon under such conditions
can be explained by the reduction of the central structure
(LXXVII) (or better, the perylenium salt) to give the
central dihydroperylene (LXXVIII), which being unstable,
will rapidly convert to the hexahydroperylene (LXXIX) by
hydrogen migration to the framework,

The absorption spectrum of the hexehydroperylene
isolated is reproduced in Fig.17 and it 1s at once obvious
that the hydrocarbon consists mainly of the phenanthrene
derivative (LXXIX). However, the two absorption bands at
4040A and 3830A can only be due to the presence of approxil-
mately 5% of the anthracene derivative (LXXX), which would
also explain the bright violet fluorescence of the solutilon
and of the crystals of the hydrocarbon, In Fig,l7, the
absorption spectrum of hexahydroperylene according to
Hua-Chih end Conrad-Billroth (43) is also shown, The
melting point of the sample used by these authors is the
same ss that of our sample, but as these suthors have not
examined the spectral region in which the bends at 40404
and 38304 occur, the possibility that theilr sample did con-

tain the anthracene derivative (LXXX) cannot be excluded.
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Apart from differences in the fine structure and solvents

used, the two spectra are -:In'very good agreement
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The Synthesis of Perinaphthyl Radicals,

It has been pointed out by Clar (44) that benzenoid
hydrocarbons containing an odd number of 6arbon atoms cen-
not be fully aromatic, ut must contain an extra hydrogen
atom, Examples of this type of hydrocarbon are benz-
anthrene and coeranthrene (LXIV). The methylene groups
of such hydrocarbons are very reactive as is shown by
thelr ready condensation with maleic anhydride (45) and
by thelr sensitivity to oxygen, Another hydrocarbon of
this type 1s perinaphthene (LXXXVI), which was first syn-
theslised by Lock and Gergely (46) and later by Boekelheide
and Larrabbee (47). It resembles fluorene in its ability
to form a 1lithium salt and exchange reactions have shown
it to be more acldic than triphenylmethane, Such pro-
perties are probably due to the high degree of resonance
in the symmetrical mesomeric anion (LXXXV) to which the
hydrocarbon can give rise by the loss of a proton, In 2
somewhat similar way, the solubility of perinaphthenone
(LXXXI) in hydrochloric acid (Cook and Hewett, 48) and its
abllity to form stable complexes with various reagents,
e.g., antimony pentachloride, ferric chloride and ferri-
cyanic acid (Silbermesnn and Barkow, 49), must be due to
resonance stebilisation of the symmetrical cation (LXXXII).
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The pronounced tendency to assume a structure in
which the outer carbon atoms are linked by a system of
conjugated double bonds suggested that the reaction of
perinaphthenone (LXXXI) with acid chlorides, such as acetyl-
and benzoyl chlorides, would glve rise to compounds having
the structure (LXXXIII), It was found that perinaphthenone
(LXXXI), prepared by the method of Fileser and Hershberg
(80) reacted readily with acid chlorides to give yellow
compounds, which were not 1lsolated, as attempted crystallisa-
tion resulted in explosive decomposition, probably due to
polymerisation. If a solution of such a c ompound is t reated
wlth an active metal, such as 2zinc dust or megnesium acti-
vated with lodine, in order to remove the chlorine atom, a
deep blue or bluish-green solution is obtained. There 1is
little doubt that the blue colour is due to the formation
of acetoxy- (LXXXIV; R = CHz.C0.0”) and benzoyloxy-
perinaphthyl (R = 06H5,CO.O“) in which an unpaired electron
1s localised at the central carbon atom and the outer
framework of carbon atoms is linked by a system of conju-
gated double bonds. The solutions are photo-oxidisable
but if light is excluded and the solutions cooled to o°¢,
they can be kept without decomposition for weeks.

A remarkable property of these solutions is that on

cooling strongly (-30°), colourless solutions are obtalned,
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but the blue colour is regenerated when the solutions are
allowed to come to room temperature.‘ This can be ex-
plained by a reversible polymerisation in which the radi-
cals (XXXIV) link together by weak bonds between the cen-
tral carbon atoms, The linkages will only be stable at
low temperature and will rupture when the temperature rises.
On the other hand, if the blue solutions are heated, for
example in benzene, an irreversible polymerisation or di-
merisation takes place and the blue colour cannot be re-
stored, This 1s attributed to the unpaired electron
gaining sufficient energy to enter the carbon framework,
so forming a radical (LXXXVIII), which will combine immed-
lately with a simllar radical,. The bond formed in this
combination is a normal covalent bond and the reaction 1s
not reversible,

The blue solutions were obtained in a spectrally
pure state by passing the cold solution through a cooled
columm of activated alumina under pressure. Some decom-
position occurs during this purification, but clear, blue
eluates are obtained free from unreated perinaphthenone
(LXXXI) end peropyrene (LXXIII), the latter being formed by
the condensing action of the active metals.

The absorption spectrum of acetoxyperinaphthyl
(LXXXIV; R = CHz.C0.07) is shown in FPig.1l4 compared with
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that of zethrene (IV) and the similarity between them is
readily seen, The theory that the absorption bands of
zethrene at 6220A and 5730A are due to the central
structure (V), which one can consider as being a combina-
tion of two perinaphthyl radicals (LXXXIV; R = H), is
supported by the obvious relationship of these bands with
the absorption band of acetoxyperinaphthyl at 61304,
Furthermore, the intense absorption band at 4610A in the
zethrene spectrum is completely missing in the spectrum of
acetoxyperinaphthyl and a deep minimum is observed in this
region. This is as expected and is consistent with the
proposal that the band at 4610A 1s due to the polyene
structure (IV),

When anhydrous hydrogen chloride was passed into a
cooled solution of perinaphthenone (LXXXI) in methyl alcohol,
a dark precipitate was obtained which was filtered off and
dried in a vacuvum, On treating this precipitate in ether
with activated magnesium, a dark green solution was obtained,
which on passing through an alumina colum ylelded a clear
blue eluate of the methoxyperinaphthyl (LXXXIV; R=1e07).
If during the initial reaction the alcoholic solution is
not cooled but is allowed to warm up, a dark green solutlon
18 obtained and from the precipltate methoxyperinaphthyl
can be extracted, The formation of the radical in this
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reaction is probably due to disproportionation of the
intermediate (LXXXIII; R = MeO~), The solution of the
methoxyperinaphthyl is less stable than those of the above
radicals, but in contrast to the latter, it gives, with
dilute acids, violet-coloured solutions in the same way as
does zethrene (IV),

The stability of the perinaphthyl radicals in con-
trast to other short-lived aryl-radicals can only be ex-
plained by the localisation of an unpaired W -electron
at the central carbon atom, This excludes the participa-
tion of all possible Kekulé structures, for there are only
two Kekulé structures for (LXXXIV; R = H) and elghteen
for (LXXXVIII; R = H), in which the unpaired electron is
in the carbon framework, The latter will only occur as
transition states in an irreversible polymerisation, e.g.,
when the solutions are heated, This means that only the
two Kekulé structures (LXXXIV; R = H) or the eighteen
structures (ILXXXVIII; R = H) are in a stabte of unrestricted
resonance with each other and that the transition from
(LXXXIV) to (LXXXVIII) necessitates the overcoming of an
energy barrier,

The sbove results are in harmony with the theory
which has been advanced=po explain the properties of

zethrene (IV). They also provide a probable explanation
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of the sensitivity to oxygen of perinaphthene (LXXXVI)

and other hydrocarbons with an odd number of carbon atoms,
It appears likely that there is a tendency for perinaphthene
(LXXXVI) to assume a structure (LXXXVII) which has an ex-
ternal system of conjugated double bonds. In such a
structure (and also in zethrenium hydride (LXX)), the
direction of the bonds of the central carbon atom will be
greatly distorted from the normal fetrahedral configuration
and the carbon-hydrogen bond will be weakened, It is
therefore suggested that the sensitivity of the hydrocarbon
is due to the formation of the central structure (LXXXViI).
Another experimental fact which supports this proposal

that a hydrogen atom can migrate through the system, with
the central form as an intermediate, is that only one methyl-
perinaphthene has been obtained from various syntheses

(51, 52, 53, 54),

A new method of preparing perinaphthene (LXXXVI) was
attempted, by the reduction of perinaphthenone (LXXXI) in
dilute sodium hydroxide solutlon with ginc dust. Only a
small amount of the hydrocarbon was obtained and this was
treated in acetic acid, containing a 1little perchloric
acid, with a warm solutlon of selenium dioxide in acetic
acid, Dark brown crystals of the perinaphthylium per-

chlorate were obtained, but the compound was unstable and
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decomposed readily,

The yield of hydrocarbon was poor owing to the
formation of a colourless by-product, which was insoluble
in alkali and was extracted with xylene from the zinc dust
after filtration. The compound, which crystallises from
acetic anhydride unchanged, melts with.decomposition at
257° and 1is clearly a dimeride of perinaphthenone, The
strucbure (LXXXIX) has been assigned to the c ompound and
its non-acetylation is attributed to steric hindrance,

The dimerisation of perinaphthenone (LXXXI) to peropyrene
(LXXV) during reduction has been demonstrated by Clar (41),

The absorption spectrum of perinaphthenone (LXXXI),

which is shown in Fig,1l8, is closely related to that of

benzanthrone with which it is compared.
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The Synthesls of 2:35-5:6-8:9-Tribenzoperinaphthene.

1:2~Benz-9:10-anthraquinone (XC), which was prepared
from phthallc anhydride and naphthalene as described by
Groggins and Newton (55), was reduced in concentrated sul-
pmric acid with aluminium powder, J.W., Cook (56), who
devised thls reduction, has proved conclusively that the
product obtained is 1:2-benz-94anthrone (XCI) and not the
10-anthrone as was at first suggested by Barnett and
Matthews (57).

The anthrone (XCI) condensed smoothly with benz-
aldehyde in pyridine solution in the presence of piperidine
to give the benzylidene derivative (XCII), whichwas ring-
closed by boiling in benzene solution with powdered alum-
inium chloride, Two products were separated from the re-
action mixture by chromatography (alumina). The orange-
yellow product gave the typical reactions of a benzanthrone,
but was rather resistant to reduction, being recovered un-
changed after boiling in pyridine-acetic acid solution with
zinc dust for one hour, A comparison of the absorption
spectrum of this compound with that of naphtho-{1':3'-1:9)-
anthrone (C) (Fig.19) (58) shows that there is a strong
shift to the red which can only be due to the linear

anellation of a benzene ring, The compound is therefore
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2:5-05:6-8:9-tribenzoperinaphthenone (XCIII), because the
isomeric benzanthrone (XCVIII), which one could expect to
be formed, cannot account for this red shift and it would
not be so resistant to reduction, When perchloric acid
was added to a hot solution of tribenzoperinaphthenone
(XCITI) in acetic acid, a deep red solution was obtained
from which, on cooling, red-brown needles crystallised.
The tribenzoperinaphthenone (XCIII) was readily recovered
from the perchlorate by heating with dilute sodium hydroxide
solution and this reaction was utilised to purify larger
quantities of material,

The colourless, non-fluorescent by-product, which
was obtained along with (XCIII), did not form a perchlorate
and appeared to be a hydrogenated compound, It seems
likely that the isomeric benzanthrone (XCVIII) is formed
in the condensation and that it acts as a hydrogen acceptor,
The structure (XCIX) 1s assigned to explain its non-
fluorescence and its insolubility in dilute sodium hydroxide.
Its inability to form an acetyl derivative when boiled with
acetic anhydride must be due to steric hindrance.

Reduction of tribenzoperinaphthenone (XCIII) with
hydriodic acid and red phosphorus glves, depending on the
time of reaction, either 2:3.5:6-819-tribenzoperinaphthene
(XCVII) or dihydro-z:3-5:6—8:Q-tribenzoperinaphthene

(XCIV) as the main product. The absorption spectrum of
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tribenzoperinapnthene (XCVII) is shown in Fig,20, com-
pared with that of naphtho-(1':3'-1:9)anthrene (CI) (58),
The similarity in the shape of the curves and strong shift
to the red of the para-bands, as is required by the
anellation principle for the linear anellation of a ring,
confirms that the structure 1s as assigned.

The absorptlion spectrum of the dihydrbtribenzo-
perinaphthene (XCIV) is shown in Fig.21 compared with that
of 2-phenylnapnthalene (59, 60), As the hydrocarbon
(XCIV) cén be considered as a substituted 2-phenylnaphthalene
the shift to the red is to be expected, while the fine
structure which is apparent is probably due tévits having
a more rigid structure, The corresponding hydrocarbon
(c.f, XCIX) from the isomeric benzanthrone (XCVIII) could
not have a spectrum of this type as the aromatic complexes
in the molecule are diphenyl and naphthalene,

When a solution of tribenzoperinaphthene (XCVII) is
heated in acetic acid in contact with alr, a deep violet-
biue colour develops which is not stable, as over-oxidation
to tribenzoperinaphthenone (XCIII) readily occurs. When
- sméll quantity of a strong acld such as perchloric acid
is added and a stream of oxygen is passed through the hot
acetic acid solution, a stable blue solution 1s obtained

which, on cooling, yields violet-blue crystals. The
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product 1s readily hydrolysed with hot water, but dis-
solves glving a stable violet-blue solution in nitromethane,.
The addition of alkalies or bases, such as pyridine, to
this solution decolourises it immediately, but if per-
chlorlc acid is added without delay, the original colour
1s restored, If the decolourised solution is allowed to
stend in contact with air for some time (15 to 30 minutes),
the addition of perchloric acid does not give the initial
violet-blue colour, but the deep red colour of the per-
chlorate of tribenzoperinaphthenone (XCIII). The blue
compound 1s raplidly reduced by boiling in acetic acid

with zinc dust and a colourless solution with a blue
fluorescence 1ls obtained which is not stable but readily
oxldises,

These reactions can be explained by the following
mechanism: the hydrocarbon (XCVII) is readily oxidilsed to
the radical salt (XCVI) or to the cation (XCV), but if the
acid is weak, e.g., acetic acid, further oxidation occurs
and tribenzoperinaphthenone (XCIII) is obtailned, If the
salt (XCVI) or (XCV) is treated with alkell a colourless
compound is formed which, when left in contact with air,
is oxidised to (XCIII), Immediate addition of perchloric
acid, however, reforms the cation (XCVI) or (XCV) as before,

The ease with which these salts (XCVI) or (XCV) are reduced



to an oxidisable product is completely analogous to the
preparation of zethrenium hydride (LXX) from the zethrenium
salts (LXXI), This mechanism 1s in complete harmony with
the theory (which has already been advanced to explain the
abnormal properties of other compounds), that compounds of
this type have a pronounced tendency to assume strictures
having an external aromatic system of double bonds, In
thls case the highly symmetrical, mesomeric cation (XCVI)
or (XCV) 1s formed, in which the positive charge is

located at the central carbon atom,

A violet-blue compound with properties similar to
those of the perchlorate described above 1s precipitated
when a few drops of bromine are added to a cold solution
of the hydrocarbon (XCVII) in benzene, Here it is sug-
gested that a bromine atom replaces a hydrogen atom and
the compound so formed lonises in polar solvents such as
nitromethane to give thecation (XCV),. The absorption
spectrum of tribenzoperinaphthylium perchlorate is shown
in Fig,.22 compared with that of zethrenium sulphate and the
similarity beﬁween the two spectra is readily seen,

Finally 1t was observed that dihydrotribenzoperl-
naphthene (XCIV) was stable to boiling in acetlc acid in
contact with alr, If, however, a little selenium dioxide

is added to the hot solution, the deep violet-blue colour
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of the cation (XCVI) or (XCV) is at once obtained (cf.,

preparation of coeranthrylium perchlorate).

65.
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The Syntheses of Benzofluoranthenes (61).

During the chromatographic purification (alumina)
of a reaction product, in the preparation of hexahydro-
triangulene (XXVII) from a crude sample of 12-hydroxy-
triangulene-4:8-quinone (XXVIII), a yellow hydrocarbon
(m.p. 143-144°) was isolated which gave a yellow solution
in concentrated sulphuric acid, changing to violet on
stending, At first the hydrocarbon could not be identified,
but when shortly after 2:3-benzofluoranthene (CII) was syn-
thesised almost simultaneously by Stubbs and Tucker (62)
and by Campbell and Marks (63), its properties and ab-
sorption spectrum were found to be identical with those of
the new hydrocarbon,

The formation of 2:3-benzofluoranthene (CIIL), as a
by-product in the preparation of hexahydrotriasngulene
(XXVII), can be attributed to the presence of a small amount
of umcondensed material (XXV) which, when submitted to the
zinc dust melt, is decarboxylated and ring-closed to 2:5-
benzofluoranthene (CIIL) by the splitting out of the lactone
group. This reaction 1is analogous to the preparation of
rubicene (Scholl and Meyer, 64) by the zinc dust distilla-
tion of 9:10-diphenyl-9:10-dihydroxyanthracene-1l:5-dlcar-

boxylic acid dilactone.
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The absorption spectrum of 2:5-benzofluoranthene
(CII) is shown in Fig.23 and it 1s readily seen that the
general shape of the curve is similar to that of fluor-
anthene (Clar, 65), The loss in fine structure of the
spectrum and the slight deviation from the anellation
principle (see Table III) is probably due to distortion
of the plane of the molecule by the overlapping of the
hydrogen atoms in the 1' and 13 positions,

It was also noted that the absorption spectrum of
2 :3-benzofluoranthene (CII) bore a remarkable resemblance
to that of a red condensation product (Fig,23) isolated by
Clar and Stewart (66) as a by-product in the ring-closure
of 9-phenyl-l:2-benzanthracene to 1:2:3:4-dibenzopyrene
with aluminium chloride, Moreover, when the shift to the
red of approximately 70A due to using benzene as a solvent
in place of ethyl alcohol (c¢.f,, Fig,16) was taken into
account and the anellation principle of E, Clar was applied,
the calculations indicated that the red by-product was
2:3-6:7-dibenzofluoranthene (CVII) and the following syn-
thesis was theréfore devised to check this prediction.

5-Keto-5:12-dihydronaphthacene (CV), which was pre-
pared from naphthacene-5:12-quinone by a modification of
Fieser's method (67), was treated with phenylmagnesium
bromide and 5-phenylnaphthacene (5-phenyltetracene) (CVI)

was obtained direct from the reaction mixture as the inter-
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mediate carbinol 1s dehydrated during the decomposition.
Examination of the visual spectrum of this hydrocarbon
(CVI) in benzene revealed three absorption bands at
4860A, 4550A and 4280A, as was expected,

Condensation of 5-phenylnaphthacene (GVI), by heating
for not more than four minutes in an aluminium chloride-
sodium chloride melt at 1100, gave a red hydrocarbon, which
was undoubtedly 2:3-6:7-dibenzofluoranthene (CVII) and
whose properties were identical with those of the red con-
densation product previously obtailned, Furthe rmore,
2:3-6:7-dibenzofluoranthene (CVII) was synthesised by
Dr, N, Campbell of Edinburgh by a different method and a
sample, which he kindly sent to us, was identical with our
product, prepared as above,

In addition to the hydrocarbon (CVII), its tetra-
hydro-derivative (CIX) was also isolated from the above
condensation. This hydrocarbon (CIX) is readily dehydro=-
genated to dibenzofluoranthene (CVII) by sublimation from
a palladium-charcoal catalyst and its structure is easily
deduced from its absorption spectrum as it 1s very similar
to that of 2:3-benzofluoranthene (CII) (Fig.24).

The formation of dibenzofluoranthene (CVII) during
the preparation of dibenzopyrene from 9-phenyl-l:2-benz-
anthracene (66), can be explained by the hydrogenation of
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the latter to (CIV), followed by the rupture of a bond

(at dotted 1line) and rearrangement to the naphthacene
derivative (CIII), This 1s analogous to the rearrangement
of 1:2:5:4:5:6:7:8-octahydrophenanthrene to 1:2:3:4:5:6:7:8-
octahydroanthracene. The naphthacene derivative (CIII)

may then lose hydrogen and condense to dibenzofluoranthene
(CVII) as above,

Dibenzofluoranthene (CVII) is readily photo-oxidised
and reacts rapidly with maleic anhydride to give an adduct
(Ccx). Comparison of the spectrum of the latter with that
of 9-phenyl-3:4-benzofluorene (CVIII) (68) confirms that
the structure of the adduct (CX) is as assigned (Fig.25).

Another new anellation series 1is given by fluor-
anthene, 2:3-benzofluoranthene (CIIL), and 2:3-6:7-dibenzo-
fluoranthene (CVII). The series shows the effect of linear
anellation of benzene rings to fluoranthene and the wave-
lengths of the first para-bands are proportional to 72, 82
and 92 as 1s required by the anellation principle (Table III),.

Table ITI,

Fluoranthene Benzofluoranthene Dibenzofluor-

anthene
Ain A 3585 4280 5640
4
Rp (cm™ 1) 147 x 10% 147 x 10% 147 x 10

Kp= JARp 7.26 7.93 9.11
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Since publication of the paper on dibenzofluor-
anthene (CVII), it has been found that this hydrocarbon
 and 5-phenylnaphthacene (CVI) have been prepared by
Dufraisse, Etienne and Bucourt (69), but again by a
different method, The report of these authors gives
little experimental detail,Abut the properties of the
hydrocarbdns which have been reported are in agreement

wilth those of our samples.




2.

The Synthesis of Benzylnaphthacene.

In the acene series, it 1s generally recognised
that, as the series is ascended, the central ringvbecomes
less benzenoid and more quincnold in character, The
keto-enol tautomerism of the phenols is a good example of
this phenomenon and, in the higher members of the series,
the keto-form 1s more stable so that they exist almost
entirely as ketones with anthrone-type structures, e.g.,
5-keto-5:12-dilhydronaphthacene (CV), The increasing
stability of the acene-quinones and the study of their re-
duction-oxidatlon potentials also supports this idea (70).

Tautomerism between methylacenes and methylene-
dihydroacenes has frequently been postulated to account
for the side-chain reactivity of aromatic compounds and the
isolation of 6-methylene-6:13-dihydropentacene (CXVI)
(Clar and Wright, 71) has given weight to the theory. As
the anellation principle requires a gradual change in the
properties of the mémbers of the acene series, it was
therefore inferred that S-methylnaphthacene (CGXIII),
9-methylanthracene (CXI), l-methylnaphthalene and toluene
would also contain the corresponding methyleng form but in
decreasing proportions,

Clar and Wright (71) have shown that the absorption

spectrum of 9-methylanthracene (CXI) closely resembles that
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of anthracene but this does not exclude the possibility
that a small percentage of the weakly-absorbing‘methylene
form (CXII) is present, 5-Methylnaphthacene (CXIII) has
an absorption spectrum similar to that of naphthacene
(betracene), but the intensities of the absorption bands
are lower than those of naphthacene. Clar and Wright
attributed this lowering of the intensities to the
presence of an appreciable amount of the methylene form (CXIV).

In the pentacene series, the absorption spectrum
of the pale yellow 6-methylene-6:13-dihydropentacense
(CXVI) bears no resemblance to that calculated for 6-methyl-
pentacene (CXV) by applying the anellation principle of
E, Clar, However, the para-bands of methylpentacene
(CXV) were observed when a solutlion of the methylene form
(CXVI) in l-methylnaphthalene was heated to 200° with the
exclusion of air, These bands slowly disappear as the
solution cools,

From these facts 1t was predlcted that S5-benzyl-
naphthacene (CXVII) would exist to a considerable extent
in the methylene form (CXVIII), This hydrocarbon was pre-
pared by the interaction of benzylmagnesium chloride and
5:12-dihydro-5-ketonaphthacene (CV), the carbinol, which
is formed as an intermedilate stage, being dehydrated during

the decomposition of the reactlion mixture. It was ob-
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served that when the yellow-orange hydrocarbon was heated
in glacial acetic acid the solution became more red in
colour and that, on cooling, this colour slowly faded,

The absorption spectrum of 5-benzylnaphthacene
(CXVIT) is shown in Fig.26 compared with that of 5-methyl-
naphthacene (CXIII) and 6-methylene-6:13-dihydropentacene
(CXVI). It is at once noticed that the absorption bands
of (CXVII) are less intense than those of methylnaphthacene
(CXII) and that the minimum of the curve is not as deep.

In additlon, the band at 3770A cannot be explained by the
benzylnaphthacene structure (CXVII), It was concluded that
these deviations from the naphthacene-type spectrum must be
dﬁe to the presence of a high percentage of the methylene
form (CXVIII), which will have a spectrum very simiiar to
that of methylene-dihydropentacene (CXVI),

Attempts were therefore made to separate the two
tautomers, e.g., by careful crystallisation from various
solvents, and to remove one tautomer, e,g,, by reacting the
acene form with maleic anhydride, The attempts were not
successful and a different approach will have to be devised,

This work is of importance from the standpoint of
resonance in aromatic hydrocarbons. Clar and Wright (71)
have pointed out that as each member of the pairs of

structures formilated contain the same number of double
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bonds as the other member, the energy difference between
the methyl form and the methylene form must comprise the
difference in resonance energy. Wave mechanical treatment
predicts a decreasing difference in the resonance energy of
these palrs of hydrocarbons with an increasing number of
rings, until the difference becomes zero with an infinite
number of rings (72). Hence the ratio between the methyl
and methylene forms should never exceed 1 : 1, The isola-
tion 6f pure 6-methylene-6:12-dlhydropentacene (CXVI) by

E. Clar has shown this prediction to be wrong and it is
desirable to extend this work, if possible, to the naphtha-
cene series,

Finally, an attempt was made to ring-close benzyl-
naphthacene (CXVII) to 2:3-4:5-8:9-tribenzoperinaphthene
by heating with aluminium chloride in benzene solution
end in a melt wlth sodium chloride, In one experiment, a
small quantity of deep-red crystals was obtained after
chromatographic purification, and the visible spectrum of
these was consistent with the linear anellation of a benzene
ring to coeranthrene (LXIV). However, repeated attempts
to obtain further samples of this compound were not success-
ful and it was concluded that this hydrocarbon is too

sensitive to be isolated by this method.
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The Synthesis of 1:9:5:10-Diperinaphthvleneanthracene.

The condensation of 9:10-di-« -naphthyl-9:10-

\

dihydroxy-9:10-dihydroanthracene (CXIX; R = H) by heating
with aluminium chloride and a trace of pyridine at 110°
Ylelded a greenish-blue hydrocarbon (Clar and Guzzi, 73).
_As both 7:8-benzoterrylene (CXX) and diperinaphthylene-
anthracene (CXXV) are possible products in this reaction,
the structure of this hydrocarbon was not certain and, at
first, the latter formulation appeared to be the more
likely as the l:4-dimethyl-derivative of CXIX (R = Ciz)
did not give a similar condensation product when heated
with aluminium chloride.

This view, however, was erroneous and further work
by Clar and Wright (74, '75) has proved that the hydro-
carbon 1is 7:8-benzoterfylene (CXX). These authors, who
improved the yield of the hydrocarbon by using an aluminium
chloride-sodium chloride melt at 110° for the condensation,
and by chromatographing (alumina) the reaction product,
have shown that the dehydrochlorination of the l:4-dichloro-
derivative of (CXIX) (R = Cl) gives the same hydrocarboh
as that obtained above.

An examination of the absorption spectrum of the
maleic anhydride adduct (CXXI) of the hydrocarbon, which

was prepared by heating the hydrocarbon with excess maleic
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anhydride at approximately 200°, provided further evidence
that the structure is (CXX). The basic aromatic structure
of the adduct (CXXI) is 2:3-2":3"-dibenzoterphenyl which
is held in one plane by the rest of the molecule. As is
required by the anellation principle, the parallel linear
anellation of two benzene rings to the planar terphenyl
structure increases the order number (K) by unity (ef.,
perylene) and consequently an anellation series, into
which the adduct (CXXI) fits very well, is given by the
para-bands of terphenyl, the adduct (CXXI), terrylene and

7 :8-benzoterrylene (CXX) (76),

Although the above investigations established that
the hydrocarbon, isolated by Clar and Guzzi (73), was 7:8-
benzoterrylene (CXX), the isomeric 1:9-5:10-diperinaphthyl-
eneanthracene (CXXV) was still unknown and the following
unambiguous synthesis, based on unpublished work of E, Clar,
was therefore devised.

Fusion of 1l:5-dichloroanthraguinone with [3-naphthol
and powdered potassium hydroxide at 145° yielded the bright
yellow 1:5-di- B-naphthoxyanthraquinone (CXXII), whose
properties agreed with those of samples prepared by other
methods (77, 78). A peculiar property of thils compound
is that when the dry powder is exposed to light, the sur-
face becomes tinged with orange, but the initlal bright
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yellow colour is restored by standing for some time in
the dark, This change can be effected many times without
any apparent deteriofation of the compound,

Condensation of the diether (CXXII) was carried out
by heating in an aluminium chloride-sodium chloride melt
at 185° for ten minutes and from the reaction mixture two
compounds, (CXXIII) and (CXXIV), were isolated by chromato-
graphy (alumina),

The dark red by-product (CXXIII), whose formation is
due to incomplete ring-closure, was converted to the blue
compound (CXXIV) by further treatment with aluminium chlor-
ide. It was readily soluble in cold benzene and gave a
violet-red solution with a red fluorescence, which photo-
oxidised very rapidly.

The absorptlion spectra of these two compounds,
(CXXIII) and (CXXIV), are compared in Fig,27 and the simi-
larity in the shapes of the curves is at once obvlous.

It will also be noted that the formation of two new bands
by the ring-closure of (CXXIII) to (CXXIV) produces a
strong shift to the red, as would be expected from the
snellation principle,

The dark blue material (CXXIV) is not readlily re-
duced and the ether linkages are not broken either by
Clar's zinc dust melt or by boiling with hydriodic acid
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and red phosphorus. However, on heating in a sealed tube
with 55% hydriodic acid and red phosphorus at 210° for
10 hours, a highly hydrogenated material is obtained, from
which unreduced blue material (CXXIV) was removed by
chromatography (alumina), As no well-defined compound
could be lsolated from the mixture, the gum obtained after
chromatography was dehydrogenated without further purifica-
tlon by heating wlth a palladium-charcoal catalyst in pure
carbon dioxide (30-33) for five hours at 230°, Sublima-
tion in a vacuum from the catalyst yilelded a non-crystal-
line product which after chromatography (alumina), resub-
limation and crystallisation from light petroleum (b,p, 60-
80°) gave deep red prisms (m.p. 115-116°) of a compound
which is probably the hydrocarbon (CXXV), The compound
dissolved in benzene to give an orange solution with a
green fluorescence, which when boiled with malelc an-
hydride decolourised very rapidly. The malelc anhydride
adduct crystallised out as colourless needles, which 1is
consistent with the structure (CXXVI), whose absorption
spectrum wlill be very similar to that of benzanthrene,
except that the intensities of the absorption bands will
be higher,

Until analyses are obtained for the hydrocarbon and

its maleic anhydride adduct and thelr absorption spectra
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fully examined, the main evidence, apart from its method
of preparation, that this product is 1:9-5:10-diperi-
naphthyleneanthracene (CXXV), is based on its visual
spectrum, When the latter was examined in benzene solu-
tion, sharp absorption bands were observed at 50904,
4760A and 44604,

The contribution of one oxygen bridge to a resonat-
ing aromstic system can be estimated by comparing the ab-
sorption spectra of 1l:2-benzoperylene (74, 79) and 12:1'-
oxido-1l:2-benzoperylene (CXXVII) (80),. The maxima of the
para-bands of the hydrocarbon in benzene solution occur at
5220A, 4880A and 5620A, while those of the oxide (CXXVII)
In benzene solution are at 60104, 5570A and 51004, Con-
sidering the first para-bands of these c ompounds, the
bathochromic shift due to the addition of one oxygen bridge
to the hydrocarbon 1s equal to 790A, Now assuming that the
addition of two oxygen bridges to the nydrocarbon (CXXV)
will produce a shift to the red equal to twice the amount
estimated for the addition of one oxygen bridge, the first
para-band of the hydrocarbon (CXXV) should occur at 50204,
as that of the blue compound (CXXIV) is at 6600A (Fig.27).

Although this estimated value of 5020A does not
correspond exactly with the value (5090A) found for the

first para-band of the red prisms (m.p. 115-1160) in
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benzene solution, it does indicate that this compound is
the hydrocarbon (CXXV), and the work now being carried

out by Clar and Kelly at Glasgow 1s expected to verify
this supposition.



EXPERIMENTAL,
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EXPERIMEDNTATL,

(A1l melting points are uncorrected and were taken
in evacuated capillaries, Microanalyses are by Miss

R.H, Kennaway, Miss M,W, Christie and Mr, J.M,L, Cameron).

Synthesis of Pentaphene (5).

Reaction of Phthalic Anhydride with o-Tolylmagnesium

Bromide, =~ Procedure was as described by Weisz and
Korczyn (8), An 80;; yield of colourless crystals (m.p.
126-130°) was obtained on crystallisation from acetic acid,

Tri-o-tolylecarbinol (VI)-o-Toluoyl chloride (65 g,) in

anhydrous ether (50 c.c,) was slowly added to a solution of
o-tolyl-lithium prepared from o-bromotoluene (207,5 g.)

and "atomised" lithium (16.8 g,). After decomposing the
mixture wilth dilute hydrochloric acid solution, the ethereal
layer was concentrated and diluted with light petroleum
(b.p. 40-60°), The crystals (110 g,) were recrystallised
from light petroleum and yielded colourless needles (m,p.
105°) and a by-product (8%) (m.p. 240-242°). The carbinol
(VI) dissolved readily in concentrated sulphuric acid to
give an orange solution, The properties of the carblnol
agree with those described for a sample prepared by a

different method (8 and 9),.
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Di-o-tolylphthalide (VII). - The carbinol (VI)

(75 g.), mixed with nitrobenzene (30 c,c.) was boiled in
20% nitric acid solution (1500 c.c,) for 16 hours, fumes
of nitrogen oxides being evolved, After distilling off
the nitrobenzene, the light-yellow solid obtained was ex-
tracted thoroughly with bolling dilute sodium hydroxide
solution to remove over-oxidised material, washed well with
water and crystallised first from glacial acetic acid and
then from ethanol to give colourless plates (68 g.) (m.p.
174°) (Found: ¢, 83,7; H, 5,5, Calc, for Coolyg0s ¢

C, 84,0; H, 5,8%), The phthalide (VII) gave an orange-
red solution in concentrated sulphuric acid which changed
first to orange, then to pale yellow, The melting point
compares with that of the higher-melting phthalide (m,p.

176°) reported by Weilsz and Muller (7),

Reaction of as-Phthaloyl Chloride with o-Tolylmagnesium

Bromide, - o-Tolylmagnesium bromide, prepared from o-
bromotoluene (140 g.) and magnesium (21 g.) in ether

(350 c.c.), was added to as-phthaloyl chloride (70 g.) in
benzene (300 c.c.). After the usual decomposition and
separation of the aqueous layer, concentration of the
orgenic layer gave colourless crystals (12.5 g.) of mono-

(o-tolyl)phthalide (XX) (m,p. 262°), (Found:* C, 79.6;

. [/ . )
H, 5.4, O .H 0, requires C, 80,33 H, 5.4%), which gave
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a colourless solution in concentrated sulphuric acid,

The mother liquors, after extraction with dilute sodium
hydroxide solution (105) to remove 2-o-toluoylbenzoic

acid (20 g.) were steam distilled and the resulting solid
was crystallised from glacial acetic acid to give colour-
less crystals (m.p,125-129°) (73 g.). Further crystal-
lisation, however, first fromb enzene and then from ethanol

gave the pure 1l:2-di-(o-toluoyl)benzene (XI) (m,p, 146°)

(76% of mixture) (Found: ¢, 83.8; H, 5.5, Cooll; g0y Te-
quires C, 84,0; H, 5.8%) which gave a pale yellow solu-
tlon in concentrated sulphuric acid, Hot acetic acid and
zinc dust yielded a yellow solution of (XIV) which showed
a strong blue fluorescence, Both by-products, mono-
(o-tolyl)phthalide (XX) and 2-o-toluoylbenzoic acid, on
oxidation with alkaline potassium permanganate solution
and recrystallisation from concentrated nitric acld gave
colourless crystals (m,p, 212°) which gave mixed m,ps. of
212° with an authentic sample of benzophenone-2:2'-di-
carboxylic anhydride (XXI),

1:4-D1 -o-tolylphthalazine (X). - The mixture (m.p.

125-129°) (1 g.) was dissolved in ethanol (15 cc,), hydra-
zine hydrate solution (100%) (0,18 cc.) added and the
solution refluxed for one hour, Concentration yielded
colourless plates (m.p. 174%9) (0.2 g.) which gave a mixed

m.p. of 174° with an authentic sample of di-o-tolylphthalide
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(VII). Dilution of the mother liquors with water gave a
white precipitate (0.75 g.) which on crystallisation from
ethanol yielded colourless crystals (m.p. 162-163°) of
1:4-di-o-tolylphthalazine (X). (Found: N, 9.0,

Coglqglg requires N, 9.0%). The azine gave a colourless

solutlon in concentrated sulphuric acid,

Oxidation of 1:2-uUl-o-toluoylbenzene (XI) and Di-o-

tolylphthalide (VII) - (a) With dilute nitric acld

solution at 2100.

The diketone (XI) (1 g.) was heated under pressure
with 20% nitric acid solution at 210° for 10 hours. The
solid obtained crystallised from acetic anhydride to give
colourless needles of (XII) (m,p. 302-303°), The yield
was theoretical,

(b) The phthalide (VII) gave, in the same way, 60% of
(XII) (m.p. 302-303°) and from the mother liquor 35% of
unrearranged dicarboxylic acid (VIII) derived from (VII),
The latter formed a syrup which did not crystallise and
gave on heating with concentrated sulphuric acld and
copper powder the blue condensation product described by
Weisz and Koreczyn (6).

(¢) With dilute nitric acid solution followed by

alkaline potassium permanganate solution, The diketone
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(XI) (15 g.) mixed with nitrobenzene (6 c.c.) was boiled
for 48 hours with 20% nitric acid solution (250 c.c,).
After distillation of the nitrobenzene, the solld obtalned
was dilssolved in dilute sodium hydroxide solution and
powdered potassium permanganate added till its colour per-
sisted for 15 minutes, The filtrate was acidified and
the precilpitate crystallised from acetic anhydride, (15 g.)
(m.p. 302-303°),

(d) A similar treatment of (VII) yielded 75% of (XII)

(m.p. 302-303°) and 20% unrearranged dicarboxylic acid (VIII).

Oxidatlion of Mixbure of (VII) and (XI), - Both methods

of oxidation described above were applied to the mixture
(m,p. 125-129°) of (VII) and (XI). Colourless needles
(m,p. 502-5030) were obtalned in both cases after crystal-
lisation from acetic acid and acetic anhydride, the yilelds
belng 87% and 82% respectively. The products (m,p, 302-
303°) from the above oxidations all proved to be dihydro-

iso-benzofuran-1:3-bis-spiro-(3-phthalide) (XII) which sub-

limed in long colourless needles, (Found: C, 74,2, 74.3;

H, 3.5, 3,2, C requires C, 74.2; H, 3,4%). The

22H1205
dispiran (XII) dissolved slowly in concentrated sulphuric
acid to give a colourless solution which on being heated

changedzto dark green,
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1:2-Di-(o-carbomethoxybenzoyl)benzene (XIII). - The

dispiran (XII) (1 g.) was suspended in anhydrous methanol
and dry hydrogen chloride passed through the mixture for
10 minutes. On refluxing, the starting material was
gradually dlssolved and a crystalline deposit was obtained,
which was filtered off and washed with methanol. Crystal-
lisation from benéene gave colourless needles or rods (m,p.
160°) of the ester (Found: C, 71.6; H, 4.4, Cosy506
requires C, 71.6; H, 4,5%), which gave a colourless
solutlon in concentrated sulphuric acid and was insoluble

in aqueous alkalis,

9- (o-Carboxyphenyl)oxanthranol lactone (IX). - The

dispiran (XITI) (1 g.) was ground together with copper
powder and the mixture heated at 350° till a quiet melt was
obtained. Sublimation in a vacuum yielded large prisms,
which crystallised from ethyl alcohol in prisms (m.p. 232-
233°), which were identified as the lactone (IX), (Found
C, 80.6; H, 4.2, Calc, for GyyH 0.t C, 80,75; H, 3,9%).
The compound gave a yellow green solution in concentrated
‘sulphuric acid and its properties agreed with those
described for a sample prepared by a different method

(Scholl and Donat, (11)).

Zinc Dust Melt of Dispiran (XII), - The dispiran

(XII) (1 g.), zine dust (2 g.) and sodium chloride (1.5 g.)
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were powdered together and moist zinc chloride (7.5 g.)

was added, The mixture was melted and heated to 300°
during fifteen minutes with constant stirring. When cold,
the melt was decomposed with dilute acetic acid and the
residue was filtered off, washed and sublimed in a vacuum,.
The sublimate crystallised from xylene in large colourless
prisms (m.p, 193-194°) (Found: C, 89,9; H, 4.4. Calc.
for C _H,,0: C, 89.8; H, 4,8%), whose absorption spectrum

22714
(Fig.l) showed the compound to be an anthracene derivative.

0-Di-(3-phthalidyl)benzene (XVI), - The dispiran

(XII) (20 g.) was dissolved in boiling caustic soda solution
(15) (200 c.c,) and zinc dust (20 g.) added during 2 hours,
The initial yellow colour changed to a deep red which per-
gisted for 10 minutes. After 3 hours, the hot solution
was filltered directly into concentrated hydrochloric acld
and the white preclpitate crystallised from glacial acetic
acid, Colourless needles (m,p. 211-212°) of the diphthal-
ide (XVI) (Found: C, 77.1; H, 4.3, Cootiy40, Tequires

¢, 77.2; H, 4,1%), were obtained, which gave a colourless
solution in concentrated sulphuric acid, The yield was

theoretical.

1:2-Di-(o-carboxybenzyl)benzene (XV). - The di-

phthalide (XVI) (13 g.), red phosphorus (6 g.) and hydriodic
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acld (55%) (60 c.c.) were covered with xylene (60 c.c.) and
after being refluxed for 36 hours, the mixture was filtered.
The solid obtained was extracted with xylene and then with
hot sodium hydroxide solution. The aqueous layer from the
filtrate was extracted with xylene, and the combined xylene
fractions then extracted with hot sodium hydroxide solution.
The alkaline solutions obtained were acidified with con-
centrated hydrochloric acid and the precipitate crystal-
lised from glacial acetic acid to give colourless needles

(10 g., 76i4) (m.p., 242-243°) of 1:2-di-(o-carboxybenzyl)

benzene (XV), (Found: C, 76.2; H, 5,2. Coolly 50y

requires C, 76.3; H, 5.2%).

8-Hydroxypentaphene-5:14-quinone (XVIII), - The acid

(XV) (3 g.) was dissolved in concentrated sulphuric acid
(30 c.c.) and heated at 120° for 10 minutes, The initilal
pale yellow colour changed to feddish—brown and then to’
dark green.' The cold solution was poured into water and
the reddish-brown preclpitate obtained was recrystallised
from nitrobenzene, and sublimed in a vacuum. Dark red

needles (2.6 g.) (m.p. 349-351°) of 8-hydroxypentaphene-

5:14-quinone (XVIII) (Found: ¢C, 80,9; H, 3.95. ngngo5
requires C, 81.5; H, 3.,7%) were obtalned which gave with
alkaline sodium dithionite solution a reddish-brown vat

which lightens on standing,
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Pentaphene (XIX)., - (a) From the diphthalide (XVI)., -

In the preparation of the acid (XV), the xylene fractions,
after extraction with dilute sodium hydroxide solution, were
concentrated and pale yellow needles (2 g,) crystallised,
m,p, 255-257° alone or mixed with an authentic sample of
pentaphene, (Found: C, 94,3; H, 5.4, Cale, for

C

H C, 94,9; H, 5,1%).

14°
(b) From (XV) or (XVIII) by the zinc dust melt. - The

22

compound (XV) or (XVIII) (1 part) was finely ground with
zinc dust (1.2 parts) and sodium chloride (1.2 parts) and
moist zinc chloride (7 parts) added, The temperature was
raised with constant stirring to 300° during 15 minutes.
The cold melt was decomposed with dilute acetic acid; the
resulting solid was filtered off, dried and sublimed in a
vacuum, Crystallisation of the sublimate from x&lene gave
yellow needles (m,p., 255-256°) which gave a mixed m,p, of
255-256° with a sample of pentaphene, The pentaphene was
further purified by chromatography (alumina), benzene being
used as eluant, The clear yellow, blue-fluorescent eluate
gave on concentration pale yellow plates (m.p. 256-257°)

which were insoluble in concentrated sulphuric acid.
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Synthesis of Triangulene Derivatives.

Di-o-tolylphthalide (VII) - This compound was prepared from

tri-o-tolylearbinol (VI) as described,

2-(Dl-o-tolylmethyl)benzoic acid (XXII), - Zinc

dust (100 g.) activated with copper, was added 1n portions
during 48 hours, to a bolling solution of the phthalide
(VII) (40 g.) in 205 ethanolic potassium hydroxide (300 c.c.).
After dilution with water (500 c,c,) the hot solution was
flltered from the excess zinc dust which was thoroughly
washed with hot water, After distilling off the alcohol
the filtrate was acidified with concentrated hydrochloric
acid, and a white crystalline precipitate (36,5 g., 91%)
was obtained, Crystallisation from acetic acid or benzene
gave clusters of small colourless needles, m,p. 259-2400
(cf, Weisz and Korezyn, (6)) of the acid (XXII) which gave
a pale yellow solution in concentrated sulphuric acid,
(Found: €, 83.6; H, 6.1, Calc, for ngﬂégpzz C, 83.5;
H, 6.4%).

1-Methyl-9-(o-tolyl)-10-anthrone (XXIII)., =~ The acid
(XXII) (20 g.), zinc chloride (10 g,), and sodium chloride
(20 g.) were heated with constant stirring to 220° and
maeintained at this temperature for 15 to 20 minutes, The

cold melt was extracted with boiling hydrochloric acid
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solution and the solid obtained washed with hot ammonia to
remove non-ring closed material, The anthrone (XXIII)

(18 g., 96%) crystallised from acetlc acid in colourless
prisms, m,p. 181-182°, (Found: C, 88.4; H, 6.2.
Cpolly g0 requires C, 88,65 H, 6.1%). The solution in con-
centrated sulphuric acid was yellow, changing to green on

warming,

l-Methyl-9-(o-tolyl)oxanthranol (XXIV), -~ (a) With

nitric acid solution, The anthrone (XXIII) (3 g.) mixed
with nitrobenzene (3 c,c.) was refluxed with nitric acid
solution (150 c.c,; d 1,1) for 36 hours. After removal

of the nitrobenzene by steam distillation, the solid was
flltered off, extracted with dilute sodlum hjdroxide solution

and washed. The oxanthranol (3 g., 95%) crystallised from

acetic acid or ethanol in colourless prisms which gave a red
melt at 207-209°, (Found: €, 84.,5; H, 5.7, CooHqg0s
requires C, 84,0; H, 5,8%), The compound gave a magenta
solution in concentrated sulphuric acid which changed to

blue and then to green on standing,

(b) With selenious acid solution, The anthrone (XXIITI)

(3 g.), selenium dioxide (5.5 g.) and water (15 c.c.) were

heated for 10 hours at 220° in a sealed tube, The solid

obtained wés filtered off, washed and extracted with dilute


















































































































































































































