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Below we offer evidence based on photoelectron(pe)spectroscopy that biecyclo

E.2.g nona-2,4,7-trien-9-one 2,3

(3) is not a bicycloconjugated (bicyclo-
conjugation % - interaction between all formally isolated J[ segments) molecule.
Instead of bicycloconjugation, however, we have been able to detect a novel type

of strong nonbonded interaction between the oxygen lone pair MO and the highest

occupied MO of the butadiene moiety, in this system.
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l ! Il Figure 1 shows the pe spectra of 1, 2, and 3
% b with interpretation. The bandsin the spectra
of 2 and 3 were assigned by direct comparison
i 2 3

with the spectra of 1, 4 S and 5 6 in conjunc-

tion with quantum chemical calculations 7-10.

The details are given in ref. lo.

Three sorts of interaction between the for-

mally isolated ethylene, butadiene, and car-
N
b - bonyl segments in 3 may be considered: (1) the
6 7 8 mutual inductive interaction, (2) the conju-

gative interaction between the symmetric J{mos, IT2 s 11, Ttu sll, and the carbo-
L] £

nyl T MO (i.e. bicycloconjugation), and (3) between the antisymmetric n, 11 and

\

1 : s : . s
ftu al MOs (i.e. nonbonded n/JU interaction). We now discuss these possible
3

interactions by means of the correlation diagram 12 of Figure 2.
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Figure 1

Photoelectron spectra b

of molecules 1 to 3 with
interpretation.lo The
numbers associated with
each band are vertical

ionization potentials(eV).

Since 1[2 s in 2 and in 3 lie at the same energy it must be concluded that in 3,
. 2

there is neither homoconjugative interaction between 7t2 s and Ttu g Dor bicyclo-
t] 1]

conjugation. From previous experience with 6, 7, and 8 we know that the inductive

influence of the nitrogen bridge on TU , TU and TT is nearly the same u.
2,s 4,a 4,s

As seen from Figure 2, the same appears to be true in 3 since the inductive sta-
bilizations of Tt2 < and T'[q s due to the carbonyl group have nearly identical

9’ ’
values (white arrows). Therefore, if the well-founded assumption is made that the

inductive stabilization of 7tu a in 3 is again 0.5 eV (white arrow) then T(4 a
s H]

must have been simultaneously destabilized by ®0.5 eV (black arrow), through

nonbonded interaction with n_. In full accord with this result is the low energy

of n, in 3, which is partly due to inductive lowering (= 0.40 eV, white arrow)
caused by the ethylene and butadiene units % and partly to nonbonded conjugative

lowering (0.5 eV, black arrow).

In order to support the novel type of interaction in 3 theoretically we used a
method 13 which permits one to interrupt the conjugation of a selected pertion
of molecule with the rest of the system in conjunction with the MINDO/2 method.

The results are shown in Figure 3. Obviously, there is no trace of bicyclocon-

jugation in 3, but instead nonbonded na/TT 4.a conjugative interaction (calcu-
L]
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with (C=0) no interrup-  with (C=C-C=C)
interrupted tion interrupted from
from the the rest of the
rest of the molecule
molecule

Figure 3
m MINDO/2 s calculations on 3 at three

1055 stages of conjugative interruption.

Orbital energy (eV) —

e | P (V)

114 n Figure 2
1110 4s Correlation diagram for key occupied

MOs of 1, 3, and 5. The white and

0 0 black arrows represent the inductive

and conjugative effects (eV), res-
b pectively. The numbers shown at the

levels are vertical ionization poten-
tials (eV).

lated energy lowering of n, = 0.58 eV in excellent agreement with the pe value

2= J.5 eV). The greater calculated rise in the Ttu a €nergy reminds us of the
3

presence of simultaneous hyperconjugative interaction.
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Band (:) in the spectrum of 1 is necessarily due to ionization from the or-
bital containing the oxygen lone pair (n 11) Bands (:) and (:)in the spec-
trum of 2 must then be ascribed to 1onlzat10n from n_ and the ethylenic JU MO
(,t2,s ), respectively. This interpretation means that thefllevel is stabi-
lized by 0.53 eV relative to thefUlevel in b4 (8.97 eV ) and the Ny level by
0.20 eV relative to its counterpart in 1, through mutual inductive interac-
tion between the ethylenic and carbonyl double bonds. Assignment of bands
and in the spectrum of 3 is made by comparison with the spectrum of 5 6,
Accordingly, band (:) is due to ionization from the highest occupied butadi-

ene TTMO, TT s, ¢ is located at 8.36 eV) and band (:) to the low-

4,a 4,a
est occupied butadleneTCMO,Jt ,s (in 5, Ttu ¢ is located at 10.55 eV). Finally,
td
bands (:) and (:) are ascr1bed to ionization from theT‘t2 s and n, MOs res-
*

pectively, on two arguments: (1) all all-valence electron calculations per-

formed place7T .8 above n, [?redicted respective energies (in eV): CNDO/2 7
= -12.08, -13.31; INDO ! = -11.73, -12.81; CNDO/S © = -9.69, -10.50; and
MINDO/2 L. 9.60, -9.93; measured 12 . -9,51, -9.7€]and (2) from the mea-

sured inductive stabilization offfz,s in Z’Tt2,s in 3 is expected to be loca-
ted at 9.55 eV, in good agreement with the found value of 9.51 eV.

The MOs are classified in terms of the segment (2=ethylene, 4zbutadiene) on
which they are mainly localized and in terms of the molecular plane of sym-
metry (s = symmetric, a = antisymmetric).

Based on the validity of Koopmans' theorem: T.Koopmans, Physieca 1, 104 (1934),
C.Miller, A.Schweig, and H.Vermeer, Angew.Chem., in press. For further recent
applications of the method, see: H.Schmidt, A.Schweig, and A.Krebs, Tetra-
hedron Lett., in press and W.Schifer, A.Schweig, G.Maier, T.Sayrac, and J.K.
Crandall, ibid, in press.

The HeI (584 R) photoelectron spectra were recorded on a PS-18 spectrometer

from Perkin-Elmer, Beaconsfield (England).



