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Waking up to the facts?

The cyclical structure of benzene is a landmark
achievement in chemistry. But who should nightfully

be credited with its discovery?

In a recent issue of Chemistry in Briiain
(1993, 29. 126), Christian Noe and Alfred
Bader argue that the Austrian scientist
Josef Loschmidt was the first to publish a
correct cvelical structure for benzene. four
years before August Kekulé's famous
paper proposing a cyclohexatnene struc-
ture. Thev note that Kekulé was aware of
Loschmidt’'s earlier suggestion, thus
implving plagiarism by the great German
chemist. Unfortunately, their arguments
are deeply flawed.

‘Confusions—Formel!n’
As Noe and Bader correctly relate, Lo-
schmidi privately published a pamphletin
1861, containing no fewer than 368 pro-
posed structures for organic molecules.
He used a curious stvle of formula
notation—referred to by Kekulé as
Confusions-Farmeln (formulae of
confusion)—that takes some getting used
to. and which must have caused some
headaches for his contemporaries.
Nonetheless, Loschmidt was perfectly
consistent. and with pracltice one can
translate the formulae without ambiguity
into more conventional structures. When
one does $0. it becomes ciear that Lo-
schmidt was applying the principles of
Kekulé's structure theory, which Kekulé
had proposed three vears earlier in the
leading chemical journal of the dayv.!
Loschmidt's Schema 68 (see Box) was
proposed for the structure of ‘propviene’;
a three-membered ring of carbon aloms
that we now call cvelopropane. He adds
that such a structure was by no means
improbable; indeed, ‘as we wiil sec below
regarding phenyl, it impresses one in
many cases as the most acceptable
suppositien”.?2 From this, Noe and Bader
have drawn the conclusion that Loschmidt
also thought of benzene as a simple nng of
carbon atoms. As this article attempits 10
show. however, this was not the ¢asce,
On the subject of benzene, Loschmdt
discusses a possible diallene structure for
the carbon nucleus of the molecule, but
then,argues against it because this does
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not explain the non-existence of interme-
diary substances between the aliphatic
and the aromatic senes:

Under these circumstances one might almost
be 1empied to explain the unsaturated char-
acter of this nucleus not through compression
[Verdichiung. {e. double bonds]. but rather
through lavering {Schichtung] of the carbon
atoms. and to assign to the nucleus C,
something like Schema 182,

Schema 182 depicts six adjacent ¢ircles (fe
carbon atoms) in two ciose-packed lavers
of three circles each. Loschmidt discusses
what the analogous lormula for naphtha-
lene would ook like under this supposi-
tion. and then adds:

However. in the present state of our know-
fedge it 15 not possible to come 10 a defimnve
re<ult in this matter. and we arc all the more
jusithed in suspending judgement, as our
constitulions {structuresljart: fully indepen-
dent of the question. We assume for the
nucleus C, the ssymbol Schema 184 {a large
unembellished circie]. and treat the nucleus
exactly as if it were a hexavalent element.
Benzene, C.H,. Schema 183, i$ in the pheny]
series what methane. CH,. is in the methy)
series, Just as the latter must be viewed as
methyvl hxdnd: s0 the former is phenyl
hydnde.*

The wrong circles
What does zll this mean? Loschmidt

clearly believed that the most probable
structure for benzene was a formula con-
structed from multipie fused cyclopropyl
rings, using only single bonds: if one
abstracts three hydrogen atoms from ¢ach
of two ovelopropane molecules, then con-
nects the two ¢yv¢lopropanes with three
carbon-carbon single bonds between four
adjacent carbons, one arrives at the
correct—indeed, the only possibie—
modern transiatton  of Loschmidt's
Schema 182. This is what Loschmidt
meant when he said earlicr that “propy-
lene” (regarded as C}clnpmpan:) Was
relevant for benzene,

Significant!y. however. Loschmidt pro-
vided no empincal justification for this
structure (bevond the above quotations),
and declared the issue still open.
Although he clearly favoured the multiple
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fused ring structure, he proposed to treat
the benzene nucleus explicithy as structu-
rally indererminate; his large circle.
(Schema 184) was simply intended to
signify this structural indeterminacy—C,
as a ‘hexavalent element’, In short, Noe
and Bader's crucial Schema /84 was not a
proposal for eyvclohexatnene., or for any
other benzene nng structure. Loschmidt
clearly intended that it was not any sort of
structure at all—that was his point!

As Noe and Bader state, Kekulé had
read a copy of Loschmidt's pamphlet by
1862. Kekulé evidently understood and
rejected the ‘layvered’ structure for ben-
zene that Loschmidi so c¢learly favoured
bu: refused 1o defend. Loschmid(’s cvelo-
propvi structures for propvlene and ben-
zene might have inspired Kekulé, possibly
subconsciously, to think in terms of ¢vcli-
cal structures; indeed A. 8. Couper, a
more legitimate nival to Kekulé, had also
suggesied some cyclical structures even
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before 1861. Clearly, Kekulé himself did
not recognise Loschmidt as a predecessor
for the benzene structure because he cited
Loschmidt's benzene proposal in his first
paper on the subject. If Kekulé had
consciously taken the idea for benzene
from this obscure source, or regarded the
Loschmidt structure as similar 1o his own,
the last thing he would have wanted to do
was 1o draw attention 1o it.

‘A bald speculation’
Evenif Loschmidt had suggested a cyclical
benzene structure in 1861, I would argue
for its tnsignificance, because no empincal
cvidence could then be adduced to sup-
port the idea. At that time evervone was
convinced that there were two isomers of
benzoic acid—the second one was called
‘salylic acid'—and, likewise, that there
were two isomers of each disubstituted
benzene. Under such circumstances cyclo-
hexatriene would have to be regarded as
contra-factual. Onlyin 1864 did 1t become
clear that ‘salylic acid’ was impure benzoic
acid and that every disubstituted benzene
has three isomers. Loschmidt could not
have made a case for cvclical benzene in
1861 —nor did he try to argue empincally
for his multiple fused-ring structure. This
was. as he quite openly admitted, a bald
speculation. |

According to Kekulé's famous dream
anecdote, he got the idea of cyclohexatn-
ene in Ghent. probably early in 1862. but
only published it in early 1863. The delay
has been suggested as a reason to disbe-
lieve the anecdote. However, Kekulé
published the theory immediately after it
became possible. as a result of the new
empirical data, to make a case for the
structure. His experimental work dunng

186568 firmly established the theory.’ I
cannot assert unequivocally that the
dream story is true, but it does fit all the
available evidence, and there is no reason
to disbelieve what Kekulé himself related
to friends and ¢olleagues.

Fact or fiction?
Noe and Bader believe that Facts are
betier than dreams. Whether this is true or

not, we must make certain that these facts
are correct, and that means understanding
the context from which important ad-
vances arse in history. Kekulé knew the
facts; that was why he refused to publish in
1862 and proceeded only in 1865, It was
Loschmidt, not Kekulé, who never pro-
gressed from beautiful dreams 1o hard
arguments back up by data and new
expeniments.®

Alan J. Rocke fs professor of history a!
Case Western Reserve University, Cleve-
land, Ohio 44106, US.
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Professor Christian R. Noe anda Dr Alfred
Bader reply: We believe that Professor
Rocke misunderstands our work, and that
of Kekulé and Loschmidt. When Lo-
schmidt published Chemische Srudien 11n
1861, Kekulé was working mainly with his
‘rationai formuli’, stressing that these
were not Constitutionsformeln,tie they do
not show the posttions of atoms in molecu-
les. He even doubted that anyvithing could
be learnt about the constitution of com-
nounds by studying their reactions! Show-
ing the positions of atoms in molecules
waswhat Loschmidt excelled at, however,
and Anschiitz recognised the supenionty
of Loschmidt's structures.s In discussing
benzene Anschitz wrote: ', . . {our years
before August Kekulé, Loschmidt const-
dered the benzene nucleus as a structure
containing the six carbon atoms in a ring
[ringfdrmiger Bildung) . ...}

When Loschmidl wrote ‘one might
almost be tempied to consider
[Schema] 182" he did not mean that the
latier wae correct —indeed all his aromatic
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Scherma 229

structures are based on Schema 183,
Consider, for example, Schema 229 (see
Box)—of which Loschmidt wrote: *Just
looking at this Schema shows the possibil-
ity of isomeric modifications, ie ortho and
meta’.

We urge vou to re-read Rocke's article
alongside our own and to decide for
vourselves whose article is  ‘deeply
ffawed’,

Retferences

1. A. Kekulé, Lehirbuch der organischen Chemie
I, p157. Erlangen: Verlag Ferdinand Enke,
1861,

2, ). Loschmidr, Chemische Studien | Vienna,
1861: pl110. {ootnote 3, all references to Lo-
schmidy are from Anschiltz’s 1913 reprint,

3. Idem, pl3]. fooinote 136,

CHEMISTRY IN BRITAIN MAY A3



