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KURZE MITTEILUNGEN

Bis am 20. des Monats bei der Redaktion eingehende kurze Mitteilungen werden in der Regel am 15. des folgenden Monats verdffentlicht
Es werden auch Manuskripte aus dem Auslande angenommen

Vanadinpentoxid-Katalysatoren bei der Oxydation von Aromaten*

Der Mechanismus, auf dem die Selektivitit eines Oxy-
dationskatalysators beruht, ist leider in den wenigsten
Fillen bekannt. So muf3 die Wahl eines bestimmten Kon-
taktes auch heute noch nach empirisch gemachten Fest-
stellungen erfolgen. Hinsichtlich Selektivitit von vana-
diumhaltigen Katalysatoren spielen chemische Zusam-
mensetzung (Vanadinpentoxid, Inhibitoren, Promoto-
ren, Triger), Herstellungsweise und Mikrostruktur
(Oberfliche, Porengrifle) eine wichtige Rolle. Einblick
in den Reaktionsablauf und somit AufschluB3 iiber Selek-
tivitdt und Aktivitidt a6t sich durch Erfassen der am
Kontakt auftretenden Einzelreaktionen gewinnen, da der
oxydative Abbau von Aromaten iiber eine Reihe von
Folge- und Simultanreaktionen abliuft.

Bei der Oxydation von Anthracen zu Anthrachinon
koénnen beispielsweise folgende Reaktionsabliufe auf-
treten:

Unter Beriicksichtigung aller dieser Folge- und Simultan-
reaktionen ergeben sich unter der Annahme, daf} es sich
um Reaktionen erster Ordnung handle, die folgenden
Reaktionsgleichungen :

* Vorgetragen am 22.Februar 1964 an-der Winterversammlung der
Schweizerischen Chemischen Gesellschaft in Freiburg.

Abb. 1. Oxydation von Anthracen an reinem V,0;-Katalysator
(47% V,05; 370°C)]

5 _d(zel = ky(Ae) + ky(Ae) + ky(Ae)
co, "_fi‘?)_ — ky(Ae) — ky(Ao) — kg(Ao)
| 20D — ky(Ae) + ky(40) — ky(Pa)

| d_(gl(,’e) — ky(Ae) - kg(Ao) + ky(Pa)

Dabei bedeuten die verschiedenen k-Werte die schein-
baren Reaktionsgeschwindigkeitskonstanten der sich am
Katalysator abspielenden Makroreaktionen. Eine nu-
merische Auswertung kann mit Hilfe eines Analogie-
rechengeriites leicht ausgefiihrt werden.

Wie aus Abbildungen 1 bis 4 hervorgeht, stimmen die
berechneten Werte (ausgezogene Kurven) mit den ex-
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Als Beispiele seien dieWerte von Urinproben angefiihrt:

Personen von Basel (Trinkwasser enthilt einen Zusatz
von 1 mg F [Liter): 1,0 bis 2,2 mg/Liter

Personen aus der Umgebung von Basel (kein Fluorzu-
satz der Nahrung): 0,4 bis 0,6 mg/Liter.

Eine Veraschung ist bei dem beschriebenen Verfahren
nicht notwendig; damit und mit der Ausschaltung der
Destillation sind zwei wesentliche Fehlerquellen bei
Fluoranalysen ausgeschaltet. Der MeBbereich liegt zwi-
schen 1 bis 10 ug Fluor, doch lassen sich-unter speziellen
Bedingungen und bei Verminderung des Farbreagentien-
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zusatzes auch Mengen von 0,2 bis 1 ug bestimmen. Uber
eine ausfiihrliche Arbeitsvorschrift und die Anwendung
der Methode zur Fluorbestimmung speziell in Zahn-
material wird in groflerem Zusammenhang spiter be-
richtet.

Die Arbeit wurde im Rahmen der wissenschaftlichen Unter-
suchungen der Basler Trinkwasserfluoridierungs-Kommission
ausgefiihrt. Wir danken Herrn E. GLINz fiir die Mithilfe bei
den Versuchen.

J. BAUMLER

Gerichtlich-Medizinisches Institut
der Universitit Basel

The Flattened Cyclohexane Ring*

The concept of a somewhat flattened cyclohexane
chair with ring angles of 111.5° furnishes a better inter-
pretation than the usual model for numerous physical
and chemical data such as infrared, NMR and kinetic
data. Heretofore the cyclohexane ring has been generally
accepted to exist in a perfect or «ideal» chair confor-
mation where all valence angles possess the exact tetra-
hedral value of 109° 28’. The dihedral ring angle is then
necessarily 60°, as are also the dihedral angles of vicinal
substituents both for cis-ae and for trans-ee substituents
(a = axial e =equatorial).

It is well known that aliphatic carbon chains have
bond angles greater than 109.5°. The nonbonding inter-
actions cause the spreading of the tetrahedral angle both
in the aliphatic and in the alicyclic compounds (for
cyclohexane and greater rings). KiTAycoroDsSKY has
calculated a ring angle of 112.5° for the cyclohexane
chair.! Consideration of Pitzer strain results in a smaller
value of about 111.5°. This value which agrees well with
experimental results will be assumed throughout this
survey.

The calculation of the geometry shows that a slight
increase of the ring angle rapidly changes the dihedral
angles:

dihedral angles

ring angle

ring angle  trans-ee trans-aa
= cis-ae = 120° — cis-ae
109° 287 60° 60° 180°
111° 30/ 54° 39’ 65° 217 174° 39’
120° 0° 120° 120°

cis Substituents are clearly much closer to each other
than trans substituents and axially oriented bonds are no
longer exactly parallel to the principal ring axis but are
slightly inclined outwards. The boat and twist confor-
mations are similarly flattened, the energy relationships
remaining virtually the same.

* Received 16th of May 1964.
1 A.I.KrrAYGORODsSKY, Tetrahedron 14 (1961) 230.

Physical Properties

The structure of many compounds containing cyclo-
hexane rings has been determined by means of 3-dimen-
sional X-ray analysis. In nearly all cases ring angles
between '111° and 113° are found, e.g., himbacine hy-
drobromide with an average ring angle of 111.5°.2 Simi-
larly, many analyses have shown that axial substituents
are bent away from the principal ring axis. This incli-
nation has hitherto been attributed to repulsion between
axial substituents. This repulsion may cause part of the
inclination, especially with bulky substituents. How-
ever, an inclination of 3° 15’ is a direct consequence of
the flattened ring.

Modern refined electron diffraction data furnish
unequivocal proof of the flattened ring in that a ring
angle of 111° 30’ £ 35’ is found.?® Similarly, the incli-
nation of axial substituents has been demonstrated in
many cases.

Itis known from infrared measurements that in cyclo-
hexane-cis-1,2-diol the two hydroxy groups are closer to
each other than in the trans diol, both of which show
intramolecular hydrogen bonding. The cis diol shows a
A v of 39 cm™ between bonded and nonbonded hydroxyl
stretching frequencies, the trans diol a 4 v of 32 cm™1.4
Dihedral angles of 53° and 63° calculated therefrom
and mentioned without comment in the literature® agree
very well with the flattened chair. The different angle
between cis- and trans-1,2 substituents has been explain-
ed heretofore with a distortion theory% ¢ which assumes
that less energy is required for the approach of cis
substituents than of trans substituents. While this is
plausible the same consequence follows from the flatten-

2 J.FripricasoN and A.McL. MATHIESON, Acta Crystallogr. 15
(1962) 119.

3 V.A.ATKINSON, Acta Chem. Scand. 15 (1961) 599.

¢ L.P.KunN, J. Amer. Chem. Soc. 74 (1952) 2492.

> R.GRANGER, P.F.G.Nau and C.Frangors, C. R. Acad. Sci. 254
(1962) 4043.

¢ E.L.Ever, J. Chem. Educat. 37 (1960) 126.






Chimia 18 - 1964 - Juni

In the cis as well as in the trans series the reaction rate
increases with increasing bulk of the 2-substituent, i.e.,
methyl < isopropyl < cyclobexyl < tert.-butyl. Irregu-
lar free energies of activation? and a considerable secon-
dary isotope effect of C;-hydrogen® suggest that other
factors contribute to the observed reaction rates.

In cis-2-alkylcyclohexylesters the rate of saponifi-
cation (and esterification) drops much more rapidly
with increasing bulk of the 2-alkyl substituent than in
the trans series,? e.g., in the hydrolysis of the acid
phthalates the ratio k,,,/k;, increases from 2.7 for
the 2-methyl derivatives to 34 for the 2-isopropyl deri-
vatives. This is exactly the behaviour to expect of the
flattened ring.

a-Decalin derivatives may be regarded generally as
2-methyl substituted cyclohexane derivatives. Their
axial derivatives show the expected acceleration in sol-
volysis and retardation in saponification.?®26 In cis-
decalin ae-bonds are used in the ring fusion without in-
volving deformation, all ring angles being equal. In
trans-decalin two equatorial bond (dihedral angle = 65°)
are used in the formation of the second ring. These must
be brought closer together thereby increasing the pucker-
ing in the first flattened ring near the ring junction. The
dihedral angles at the junction are thus greater than the
outer dihedral angles. Generally speaking trans-decalin
is somewhat less flattened than cis-decalin or cyclo-
hexane. This difference partly explains the difference in
reactivity between cyclohexane and the corresponding
B-trans-decalin derivatives.

It is known that 3-keto-5a-steroids and the corres-
ponding f-trans-decalones enolize preferentially to-
wards the 2-position, whereas 3-keto-5 §-steroids and the
corresponding f3-cis-decalones enolize preferentially to-
wards the 4-position. This has been explained by non-
bonding interactions and hyperconjugation in the result-
ing octalins. A consideration of dihedral angles provides
a simpler interpretation. The double bond formation
takes place so as to allow a favourable dihedral angle at
the ring junction. In the trans compounds ring B is
fused to the cyclohexene ring 4 by two pseudo-equa-
torial bonds of the latter in which the dihedral angle
nearest to the optimal one (54°39") is in the 4,5-position
(50° 48"). For cis fusion of ring B pseudo-ae-bonds are
used. Here the smaller dihedral angle at the 3,4-position
(51° 17') is preferred to the greater angle at the 4,5-
position (69°12’).

1 5 . “,
\ position a’e
2 4

3,4 51°17’
N 4,5 69° 12/

dihedral angles (27)

e'e’=120°—a’e’
68° 437
50° 487

23 W.HUckEL, Bull. Soc. Chim. France 1960, 1369.

24 V.J.SHINER and J.G.JEWETT, J. Amer. Chem. Soc. 86 (1964) 945.

2 G.VAvon, Bull. Soc. Chim. France (4] 49 (1931) 937.

26 J. Morirani, S. NisaipA and M. Murakami, J. Amer. Chem.
Soc. 81 (1959) 3420.
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Fused Five-Membered Rings

trans-Decalin is thermochemically more stable than
cis-decalin by 3.1 kcal, whereas trans-hydrindane is more
stable than the cis isomer by only 1kcal.> The smaller
difference in the latter case can be attributed mainly to
the flattened ring, since it requires less energy to fuse a
5-membered ring at a dihedral angle of 55° to give cis-
hydrindane than at a dihedral angle of 65° to give the
trans isomer. This effect lessens the strain caused by the
skew interactions between the two rings in the cis com-
pounds. Consistently, all reactions leading to a cis-fused
S-membered ring or transition state proceed more easily
than those leading to the trans isomer, e.g., cyclohexane-
cis-1,2-diol is cleaved faster than the trans diol by lead
tetra-acetate or periodic acid; the cis diol forms a cyclic
ketal with acetone whereas the trans diol does not.
Likewise affected are the formation of chelate com-
plexes with metal ions or inorganic oxoacids, and ther-
mal cis eliminations such as the Cope, Chugaev and ace-
tate eliminations (formation of a fused planar 6-mem-
bered ring in the transition state).

The flattened ring may help to interpret other data
such as: systematic anomalies in a number of optical
rotations,?® the dissociation constants of cyclohexane-
1,2-dicarboxylic acids,®c dipole moments of 1,2-dihalo-
cyclohexanes,? the rates of acid-catalyzed dehydra-
tion3 and chromic acid oxydation3® of 2-alkyl-cyclo-
hexanols, certain effects in E,-elimination, anomalies in
neighbouring-group participation and some long-range
substituent and conformational transmission effects.

The recognition of the fact that slight differences of a
dihedral angle have a marked effect on reactivity may
be used to develop the I-strain concept of H. C. BRowN
more explicitly and to understand more fully the reac-
tivities of other rings (especially 5- and 7-membered
rings) and of certain bicyclo compounds.32 Heterocyclic
compounds such as pyranose sugars and dioxane deri-
vatives,3? of course, also possess the flattened ring.
Shorter carbon-heteroatom bond distances and less Pitzer
strain contribute to an even greater flattening than in
cyclohexane. A detailed account will appear elsewhere.
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