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Rappelons qu’en formulant les régles de calcul des coefficients des IE, nous in-
diquons, partout ol il est possible, deux valeurs. Sauf indication contraire, la premiére
correspond a deux atomes de parité différente, et la scconde, & des atomes de méme
parité. Si les deux atomes de I'ITE sont monovalents, on utilisera np =1, et si 'un
des atomes est polyvalent, on utilise n, = 2, 3 ou 4 suivant le nombre d’'électrons de
Patome polyvalent. .

Pour le développement de la méthode graphique ce résultat est évidemment
remarquable. Bien qu’il soit impossible de¢ prévoir avec certitude le comportement
des systémes & plusieurs atomes polyvalents, on peut malgré tout s’attendre & ce
qu'une généralisation semblable se présente aussi pour les systémes plus compliqués.
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161. 2,3,5,6-Tetramethylidene-Bicyclo[2.2.1]Heptane
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Summary. Preparation of the title compound 1 is described. An important transannular effect
between the two unconjugated s-cis-butadicne chromophores is observed by comparison of the
UV. spectra of the tetramethylidenenorhornanc 1 and the dimethylidenenorbornanc 3. The dif-
ferences observed between the UV. spectra of 2,3, 5, 6-tetramethylidene-7-oxanorbornanc 2 and 1
are also discussed bricfly.

‘Through space’ and ‘through bond’ interactions have been found to affect
spectroscopic and chemical properties of molecules containing non-conjugated
chromophores in a rigid conformation [1]. Difficulties arise when analysing the UV.
absorption spectra of unconjugated dicnes where ¢ — #* bands can overlap 7 — n*
bands [2]. Those difficulties can be avoided in practice when studying the interaction
between butadiene chromophores whose separate V < N transition energies
(n,—> m¥) are usually much smaller than the other ¢ —7* transition energies. Recently,
we prepared the 2,3,5,6-tetramethylidene-7-oxanorbornane (2) whose UV. ab-
sorption spectrum indicated an important transannular effect between the two un-
conjugated s-cis-butadiene |3]. In order to test the importance of the o-skeleton
hyperconjugation with the n-system (‘through bond’ interaction) and of an eventual
perturbation due to the oxygen n-orbitals, the comparison of ether 2 with the cor-

1} A full paper will appear later in this journal.
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responding hydrocarbon 1 was nccessary. We present here a synthesis of this tetracne
and discuss briefly its electronic spectrum taken in solution,

Ay Ay Ay Ay

The key product in the preparation of 2 was a 7-oxanorbornane-2,3, 5,6-tetra
carboxylate derivative which is obtained readily by Diels-Alder addition of di(me-
thoxycarbonyl)acetylene to alkyl 3,4-furanedicarboxylate, followed by catalytic
hydrogenation [3]). Due to fast sigmatropic shifts [4], a corresponding cyclopenta-
dienedicarboxylate is expected to yield a mixture of unwanted adducts besides the
desired product under similar conditions. We found that alkyl 2,3, 5,6-norbornane-
tetracarboxylates (10) can be prepared according to the Scheme 1.
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Diels-Alder cycloaddition of butadicne to the anhydride 5 is known to furnish the
exo-tricyclic compound 6 [5] (200°; 48 h; yield: 22-25%,). 6 adds one mole of bromine
in CHyClp at —15° and yields a mixture of dibromides 7 (95%,). Elimination of
hydrobromic acid (--BuOK/THF; —20°; 5 h) followed by hydrolysis (Ha0Q/NazCO3)
furnishes the cyclohexadiene derivative 8. By oxidative cleavage of this diene
(KMnQy4 59%,/NaOH 5%, a 2,3,5,6-norbornanetetracarboxylic acid (9) is obtainced
(40%, based on 7). Esterification by diazomethane in acctone/ether yiclds the cor-
responding tetraester 10 (869,). The exact steric structure of 9 and 10 has not yet
been established. LiAlHy reduction of 10 (THF; 60°; 5 h) yields the tetrol 11 (74%,)
which is esterified into the oily tetratoluenesulfonate 12 (569%,). Treatment of 12 in
t-BuOK/DMSO (20°/4-5 h) furnishes a volatile, pcntane soluble mixture that con-
tains the expected 2,3,5,6-tetramethylidenenorbornane (1) besides several non-
identified products. 1 is isolated (5%, ; by preparative GC.) as a colorless, cristalline
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substance?). This tetraene is stable in degassed solutions at room temperature for
several days. It polymerizes rapidly in presence of air or/and light. When 1 is dis-
solved in a CHaClg solution of tetracyanoethylene (TCE) an intense, red colour de-
velops immediately (charge-transfer complexe formation) that fades a few seconds
later, The bis-adduct 13 is then formed and it precipitatcs.

IR.- and 1H-NMR. spectra of 1 are characteristic of a substance having exocyclic
s-c#s-butadiene groups [6] and do not present, to a first approximation, any special
effect due to homoconjugation (see the Table). The comparison of the UV. absorption
spectra (see Fig. 1) of 1 and 3 shows that an important transannular interaction be-
tween the two unconjugated s-cis-butadienc chromophores affects the electronic
properties of the rigid, bicyclic tetraene 13).

[
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Fig. 1. UV. absorption spectya of tetraenes 1 and 2, and diencs 3 and 4 (isvoctanc/20°)

In both tetraenes 1 and 2, one observes a splitting of the bands expected for the
V < N transition of the s-cis-butadicne chromophores of 3 and 4. From the spectra
given in Fig. 1, the splitting is approximativcly the same for 1 and 2, thus indicating
no important perturbation due to n-orbitals of the oxygen bridge in 2%). Nevertheless,

2) The low yicld in 1 obtained in this elimination contrastes with the good yicld obtained when
performing the same reaction in the preparation of the analog ether 2. This is partially due to
competitive processes [orming cyclic ethers from 12, The yields given here have not been
optimized.

3)  Apparently, duc to ring flexibility 1,2,4, 5-tetramcthylidenccyclohexane (Amax — 224 nm;
& — 10500 [7}) and 1,2,5,6-tetramethylidenecyclooctane (Amsx = 228 nm; £ = 10000 [8])
do not present the similar effect in their UV, absorption spectra.

4) A 'through space’ interaction of the n-orbitals of oxygen with the z-system in 2 is expected
to enhance the splitting of the V « N transitions of the butadiene chromophores [10]. PE.
spectra, gas phase and glass phase UV. spectra should make this point clearer.
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it is remarkable that the blueshift of 700-1300 cm—! obscrved on the V « N transition
when going from the hydrocarbon 3 to the cther 4 is also observed for the bands of 2
when compared with 1. This observation can be explained by a diminished importance
of the g-skeleton hyperconjugative interaction with the z-system when the bicyclic
ring is stabilized through the replacement of the CHa- (7) by an oxygen-bridge {9].

The authors wish to thank Professor Dr. H. Dahn (I'N 2.772.72) and the ¢ Fonds nalional suisse
de la vecherche scienvifique» (FN 2.0440.73) for financial support, We are also grateful to Professor
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162. Carotinoidsynthesen iiber Sulfone; Synthese von
Apocarotinoiden und Torularhodinester

von Albert Fischli und Hans Mayer
Chemische Forschungsabteilung der F. Hoffmann-I.a Rocke & Co. AG., Bascl

(22.V.75)

Summary. The alkylation of conjugated arylsutfonyl ylids, preparcd from the corrcsponding
allylic sulfones (2 or 8), and allylic halides bearing terminal carbonylgroups (3 or 4) leads to polyene
sulfones which readily undergo spontaneous elimination of the corresponding aryl sullinates, By
this method two apocarotenoids (5 and 6) and torularhodin ethyl ester (9) have been preparcd.

Schon seit lingerer Zeit sind Spaltungsreaktionen von Sulfonen unter basischen
Bedingungen zu Olefinen und Sulfinaten bekannt [1]. Verschiedene Beispiele von
Sulfinateliminierungen, ausgehend von Sulfonen, dic in §-Stellung oder vinyloger
p-Stellung zu einer. Carbonylgruppe stehen, wurden ebenfalls verdffentlicht (24| und
erfolgen besonders leicht. Beim Aufbau der hicr beschriebenen Carotinoide sind wir
cinemn Synthesekonzept gefolgt, das die Eliminierung von Sulfinat aus solchen be-
sonders bevorzugten Stellungen gestattet. Dabei zcigten die angestrebten Polyen-
sulfone mit komplett aufgebautem Kohlenstoffgeriist unter den angewandten Re-
aktionsbedingungen spontane Sulfinateliminicrung unter Ausbildung der gewiinsch-



