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THROUGH BOND AND THROUGH SPACE INTERACTION IN 1,5-DIMETHYL-3,7-DIMETHYLENE-
TETRACYCLO(3.3.0.0%°8.0%%10cTANE
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Institut flir Organische Chemie der Universitdt Heidelberg
Im Neuenheimer Feld 270, D-6900 Heidelberg (W-Germany)

Summary: The synthesis of the hydrocarbons 4-6 has been achieved via Wittig
reaction from the diketones ]1-3. By means of He(I)photoelectron
spectroscopy it is shown that the interaction between the n-fragments

in 4-§6 increases strongly.

Recently we demonstrated by means of He(I)photoelectron (PE) spectroscopy
that the interaction between the 2p-lone-pairs on the oxygen atoms increases
3 mediated by the o-skeleton1

considerably in the series 1, 2, and

X X
% 1 8
X=0 1 2 3
X=CH, 4 5 6

To explore the prevailing interaction between the n-moieties, we have prepared
4~6 by applying the Wittig reaction to 1-3 as indicated in (1). Under the

reaction conditions indicated we obtained 4-6 in yields between 20 % and 50 %3.

DMSO, NaH

(CgHg) sP-CH, B M

80° ¢/2d
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In Tab. 1 the measured ionization energies (I.E.) are compared with the orbital
energies (ej) obtained by model calculations4 using the HAM/36 procedure.

Table 1: Comparison between the measured vertical ionization energies (I.E.)
of 4-6 and the calculated orbital energies (aj) according to HAM/3.
(w = Walsh-typ orbital, AI and Ae indicate the difference between

m, and m_}. All values in eV.

compound band 1.E. assignment |81 - €y | Ae |
1 8.9 by (7)) 8.53
0.2 0.2
4 2 9.1 a, (r,) 8.74
(CZV) 3 10.3 [of 10.85
1 8.36 at  (m,) 8.43
0.4 0.37
5 2 8.77 a'' (n.) 8.80
(CS) 3 9.60 a''  (w) 9.74
1 7.89 a; (7)) 8.19
6 2 8.93 a, (w) 1.26 8.94 1.07
(C,y) 3 9.15 by () 9.26
4 9.93 by (W) 10.06

As seen from Tab. 1 we observe a strong increase in the splitting between the
energies of the orbitals m, =1//7(n1 + m,) and m_ =1//—z—(n1 - m,) where T,
and T denote the localized w-orbitals in 4-6.

To interprete the data we divide the interaction prevailing in the systems
4-6 into a spatial part (through space) and an interaction which is mediated
via the o-skeleton (through bond)7.

To estimate the spatial interaction we have carried out model calculations
on two ethylene molecules in the spatial arrangement identical to that one
of 4, 5 and ¢ using the HAM/3 procedure which has proved to be a valuable

guide (see Tab. 1). The following distances (a, b) between the carbons have
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4
assumed .

been

4: a=4.04 R, b =6.20 &,
5:a=3.11 8%, b =4.74 R
6: a=2.87 R, b = 4.84 R.

The calculated split between 7_ and
7, is found to be:

0.04 eV (4),

0.12 eV (53), and

0.17 eV (§).

These results clearly show that the through space interaction in 4-6 is small
and that the increase of splitting encountered in the series 4-6 is due to an
increase in the w/¢ interaction.

Analyzing the MO's of 4-6 shows a strong increase in the n/oc mixing for m,
whereas the interaction between m- and the o frame remains essentially con-

stant (see Fig. 1).

T, T

Fig. 1: Schematic drawing of a, () and b1 (n_) of 4 (top) and & (bottom)
according to a MINDO/3 calculation.
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