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10 Pi Electron System Is Aromatic

West German chemists develop structure and
aromaticity of 1,6-methanocyclodecapentaene

Chemists at the Institut fiir Organische
Chemie at the University of Koln
(Cologne) have woven an impressive
fabric of evidence substantiating the
aromatic character of 1,6-methanocy-
(1,6-MCDP) and
confirming the presence of a delocal-
ized system of 10 pi electrons
[Angew. Chem., 76, 784, 785, 786
(1964)]. The German chemists re-
vealed synthesis of the cyclodecapen-

clodecapentaene

taene earlier this year and have since
spent their time in establishing struc-
ture and properties and in studying
substitution reactions.

The work thus confirms, for the 10
pi electron system, the Hiickel rule
that monocyclic planar polyenes hav-
ing 4n + 2 pi electrons (where n is
;mrintcgm') should be aromatic. And,
according to Prof. Dr. Emanuel Vogel,
head of the institute and driving force
behind the work, “Fascinating chem-
istry will emerge from 1,6-MCDP and
related compounds.” In this connec-
tion, he points to the relative abun-
dance of 1,6-MCDP (about 200 grams
have been made so far at the univer-
sity).

The novel 10 pi system can be
looked upon as a derivative of cyclo-
decapentaene, Prof. Vogel says. Its
synthesis complements the previous
preparation of the cyclononatetraenyl
anion by Dr. Thomas J. Katz and co-
workers at Columbia University and
Dr. E. A. LaLancette and Dr. R. E.
Benson at Du Pont.

Cyclodecapentaene itself, as indi-
cated by models, cannot attain pla-
narity (a prerequisite for effective de-
localization of the pi electrons) be-
cause of serious overlap of the van
der Waals radii of the 1,6-hydrogen
atoms at the trans double bonds.
[somerization to 9,10-dihydronaph-
thalene would seem to be an obvious
way for the molecule to evade this
steric compression, Prof. Vogel says.
Recent work on 9,10-dihydronaph-
thalenes done independently by Dr,
E. E. van Tamelen of Stanford Uni-
versity and Prof. Vogel gives experi-

40 C&EN OCT. 5 1964

mental support to this view. How-
ever, the Cologne group reasoned that
exchanging a methylene bridge for the
two internal hydrogen atoms in cy-
clodecapentaene might Hlatten the 10-
membered ring enough to permit de-
localization.

@,

(5
Nonplanar Near planar C,, perimeter
Synthesis. The synthesis of 1,6-

MCDP, a faintly yellow solid melting
at 28° to 29° C., is straightforward.
The starting material is 1,45 8-tetra-
hydronaphthalene. The reaction se-
quence involves as a crucial first step
the highly selective addition of di-
chlorocarbene, generated from chloro-
form and potassium-tert-butoxide, to
the central double bond of the tetra-
hydronaphthalene.

@ eHel|koc(cHs),
(40-5o-7,3
ClCl H H
Free
(90%)

H o H
Br, B Br
—

(65%7) 8 8r

&

The true nature of 1,6-MCDP
wasn’t immediately clear. Three pos-
sible structures had to be considered:

KoH /czug OH
(707)

® Tricyclo[4.4.1.01-6]Jundeca-2,4,7,
9-tetraene—that is, the 9,10-dihy-
dronaphthalene type of isomer of 1,6-
MCDP containing a three-membered
ring.

® An olefinic 1,6-MCDP with oscil-
lating double bonds similar to cyclo-
octatetraene.

® 1,6-MCDP with a highly delo-
calized 10 pi electron system.

It is this third structure that has
proved to be the correct one.

Nuclear magnetic resonance and
ultraviolet spectra and chemical be-
havior helped the West German chem-
ists to work out the structure of 1,6-
MCDP and demonstrate the com-
pound’s aromaticity.

The NMR spectrum shows an A.B.
system (eight ring protons) at 2.5 to
3.27, centered at 2.87, and a sharp
signal at 10.5r (two protons of the
bridge methylene). Absorption  of
the olefinic protons at low field (in the
aromatic region) combined with the
strong shielding of the methylene pro-
tons above the ring indicates the pres-
ence of a ring current. These NMR
findings, Prof. Vogel says, are in line
with recent work on the yelated 14 pi
electron system, trans-15,16-dimethy]-
dihydropyrene, by Dr. Virgil Boek-
elheide and Dr. Joseph B. Phillips of
the University of Oregon, and work
on 14- and 18-membered aromatic an-
nulenes by Dr. Franz Sondheimer and
co-workers at Israel's Weizmann Tn-
stitute of Science.

Also, low-temperature NMR spec-
tra (down to —145 C.) measured by
Dr. Joseph B. Lambert of California
Institute of Technology show no
change.  This observation argues
against the olefinic structure with 0s-
cillating double bonds.

Finally, NMR analysis gives g
C13—H! coupling constant for the
bridge methylene hydrogen atoms of
142 cps. This value tallies with the
C—CHy—C bond angle of
90° which the Cologne che
from models of 1,6-MCDP.

about
mists infer
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clopropane ring were present, the ex-
pected C!3—H! constant
would be about 160 cps. Thus, Prof.
Vogel says, “All the NMR data fit to-
gether micely.”

coupling

UV data also support the proposed
structure. The UV spectrum shows
absorption bands with maxima at 256
my. (extinction coefficient of 68,000),
259 my. (extinction coefficient of 63,-
000), and 298 mpu. (extinction coef-
ficient of 62,000) and a low intensity
band of some eight maxima reaching
into the visible range (350 to 400 mp.
with extinction coeflicients of 95 to
185). There is apparent similarity to
the UV spectrum of naphthalene.

The chemical behavior of 1,6-
MCDP fully bears out the aromatic
character indicated by
data:

the spectral

® The compound shows no tend-
ency to polymerize at room tempera-
ture and isn’t sensitive to air.

® Refluxing in benzene solution
with maleic anhydride gives no reac-
tion.

® Reaction with
agents gives mono- and disubstituted
1,6-MCDP’s. (NMR and UV spec-
tra show that the cyclodecapentaene
skeleton is retained).

electrophilic re-

Substitutions. The substitution re-
actions already tried at Cologne in-
volve halogenation, acetylation, nitra-
tion, and deuteration. Substitution
products obtained either directly or
by subsequent transformations are of
this type:

(Projected
formula)

X=ClyBr; 006“3’600’{7,“0.2 )(X Br, No

Reaction with one mole of N-bro-
mosuccinimide, for example, gives a
yellow monobromide in 92% yield.
(Adding bromine at —10° C. leads to
the same product in slightly lower
yield.) With excess N-bromosuccin-
imide, a crystalline dibromo com-
pound forms in 40% yield. Prelimi-
nary x-ray analysis by Prof. J. D.
Dunitz (of Eidgenoessische Tech-
nische Hochschule, Zurich) shows that

the bromine atoms are at C-2 and
C-7. From this, the German workers
assume that the bromine atom in the
monobromide is at C-2. The mono-
bromide can be readily converted to
the Grignard compound, which can
then be carboxylated to give the cor-
responding acid in 80% vyield.

There is some indication that sub-
stitution with bromine may proceed
through addition-elimination, Prof.
Vogel says. He infers this from the
fact that, at —75° C., a tetrabromo
adduct forms as the main product.
From NMR spectra, he has tentatively
assigned a cyclopropane structure to
this adduct. Treating this compound
with base eliminates two moles of hy-
drogen bromide, and gives a mixture
of 2,7-dibromide and a dibromide that
he presumes to be the 2,10-isomer.

Acetylation with acetic anhydride
and tin tetrachloride gives an excel-
lent yield of a monoacetyl derivative.
This compound must also have the
substituent at C-2, since it can be con-
verted to the same carboxylic acid as
the bromide u1sing NaOBr.

Nitration with copper (II) nitrate in
acetic anhydride yields a liquid mon-
onitration product that’s probably a
mixture of the 2- and 3-nitro com-
pounds plus a crystalline dinitro com-
pound. NMR spectra show that the
dinitro compound corresponds to the
2,7-dibromo substitution product.

Repeated treatment of 1,6-MCDP
with deuterated trifluoroacetic acid in
ether in the presence of catalytic
amounts of D,SO, leads to tetradeu-
teration in the cyclodecapentaene Sys-
tem. The NMR spectrum of the deu-
terated product suggests that deute-
rium enters into the positions adjacent
to the bridge—in keeping with the
other substitution reactions.

So far, the Cologne chemists haven’t
been able to make direct substitution
at the methylene bridge.
they hope to

However,
produce 1,6-MCDP
compounds containing substituents in
the bridge by introducing these sub-
stituents at an earlier stage of syn-
thesis. Interest in such compounds
stems from the fact that the substitu-
ents are located in an unusual elec-
tronic environment which may cause
anomalous chemical behavior.

The German chemists have ex-
tended their synthetic scheme leading
to 1,6-MCDP to the preparation of
other 1,6-bridged cyclodecapentaenes.
They have succeeded in replacing the
methylene with oxygen and nitrogen
(as —NCOCHjy;).

A7~

N-COCHy

To make the oxygen-bridged cyclo-
decapentaene, they brominated the
known epoxide of tetrahydronaphtha-
lene, then dehydrobrominated the re-
sulting tetrabromide with potassium-
tert-butoxide in ether at —10° C.
(60% vyield in the last step). The
acetylimino-bridged compound was
prepared from the aziridine corres-
ponding to the epoxide.

These heteroatomic bridged cyclo-
decapentaenes are not only subject to
substitution reactions, but also are
prone to undergo what Prof. Vogel
calls intriguing molecular rearrange-
ment. The oxygen compound, for ex-
ample, when chromatographed on sil-
ica gel at room temperature, isomer-
izes to 1-benzoxepin:

o
The I,6-oxygen-bridged cyclodeca-
pentaene has also been described by
Israel’s Dr. Sondheimer.

Synthesis of the 1,6-oxygen-bridged
cyclodecapentaene suggested a gen-
eral approach to previously unknown
oxepins by dehydrohalogenation of
1,2 - epoxy - 4,5-dibromocyclohexanes.

Br
) i,
Br

GO
-
_/

In fact, oxepin itself and its 2,7-di-
methyl derivative can be synthesized
by this scheme. The temperature de-
pendence of the NMR spectrum of
oxepin prompts the German workers
to think it is in equilibrium with its
valence tautomer (benzene epoxide).
The 2,7-dimethyl derivative is free of
tautomer. Only olefinic properties
have been found for the 8 pi elec-
tron system oxepin.
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