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Abstract--Ab ini& SCF MO ~l~ulat~ons using STO-3G basis set were pe~ormed on 7-a~bieyclo~Z.2.~lheptane, 
N-methyl-?-a~bicyclo[Z.2.l]heptane, 2-azabicyclo[2.2.2]octane, N-methyl-2-a~bicyclo[2,2.2]octane, and their 
model molecules. The orbital energies obtained by these calculations were compared with the experimental 
ionization potentials. The canonical MOs obtained for the model molecules were then transformed into the 
localized Mos. With the use of the localized MOs thus obtained, the lone-pair orbital energies were pursued in the 
light of the through-space and/or the throw-and interactions between thw specified localized MOs. As a result of 
this analysis, it was found that the effects of the inner shell orb&Is, Is electrons of the N atom, and of the 
neighbouring N-C bonds of the skeleton (through-bond interaction) play a dominant role in the interaction with the 
lone-pair orbitals. It was also found that the effect of the N-Me group on the lone-pair orbital energy is 
considerably important. 

The concept of the through-space and the through-bond cedure of Edmiston-Rueden~rg.‘8 In order to evaluate 
interactions was first introduced by Hoffmann et al. to the various types of the through-space/bond interactions, 
explain the energy levels of the lone-pair orbitals the SCF calculations were carried out on the basis of the 
(LPOs).‘** This concept has been applied to many fields LMOs. 
in chemistry. Heilbronner et nl. developed a method for The detailed procedure of the analysis to estimate the 
the quantitative calculation of the through-space and the effect of a particular through-bond or a through-space 
through-bond interactions by using the symmetry adapted interaction has been described in the previous papersI 
localized LMOs and applied to varieties of Therefore, the method is not reviewed in the present 
moiecules.~‘* We havepreviouslydevelopedamethod” to article. 
evaluate semi-empirically the through-space and the Molecular geometries used for 7-a~bicyclo[2.2.l]he~ 
through-bond interactions by using the LMOs and this tane (1) and N-methyl-7-azabicyclo[2.2.l]heptane (2) 
procedure has been successfully applied to explain the were those reported” except the N atom and the H atom 
long-range hyperfine spin coupling constants in alkyl or the Me group bonded to the nitrogen (Fig. I.). The 
radicafs,‘*~ I3 to explain LPO interactions inazines,“’ 14and position of the N atom was determined so as to give the 
to explain the long-range effect of the LPO to optical N-C bond lengths of 1.47 .& on condition that the other 
rotatory strength of the carbonyl n --, a* transition in 
ketopiperidines.” 

atoms in the bicycle- part were fixed. As to the H atom 
Very recently we have proposed a or the Me group bonded to the N atom, the positions of 

procedure to evaluate the through-space~~nd interactions the atoms were determined by using the N-C bond length 
based on an ab ~njfio calculation and applied to the analysis of 1.47 A, the C-H bond length of 1.09 A, and the N-H 
of the LPO interactions in hydrazines.16 bond length of I.01 A. Molecular geometries for 2- 

In the present work, in order to extend the ap- azabicyclol2.2.2]octane (3) and N-methyl-2-azabicy- 
plicability of the previous procedure, we have applied the clo[2.2.2]octane (4) (Fig. 1.) were also calculated in the 
method to an analysis of the lone-pair orbital energy similar manner as those of 1 and 2, that is, the geometry 
(LPOE) on the N atom in bicycle compounds now of for bicyclo[2.2.2]o~tane were determined by using all 
interest. C-H bond lengths of 1.09& all C-C bond lengths of 

1.54& and all bond angles of 109”28’. The modification 
by inclusion of the N atom <ere evaluated in the same 

XiETHOD OF CALCU~TION manner as that in bicyclo[2.2.llheptane. In the present 
The original canonical MOs were obtained from the ab work, 1,2,3 and 4 were treated. However, it takes a lot 

initio SCF calculations. The basis set used was the of computation times to obtain LMOs of these molecules 
STO-3G and the program GAUSSIAN 70” was used. in questions. Therefore, in order to analyze the through- 
The LMOs were obtained from the CMOS by the pro- space/bond interactions of these molecules, the model 
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Fig. I. Schematic structures of 7-azabicyclo[2.2.l]heptane (1). 
N-methyl-7-azabicyclo[2.2.I]heptane (2), 2-azabicyclo[2.2.2]- 
octane (3). and N-methyl-2-azabicyclo]2.2.2]octane (4), 

and their model molecules, 5, 6,7 and 8. 

molecules as shown in Fig. I were treated for con- 
venience sake. The geometries for the model molecules 
were assumed that the two hydrogens at the both-side 
Me groups are located on the C-C bonds of the parent 
molecules, and that the bond length of the C-H bond was 
appropriately assumed: r(C-H) = I.09 A. 

REflJLTS Ahl) DfSCUSSlON 

First of all, we discuss the validity of the model 
molecules taken up instead of the parent molecules. The 
orbital energies of the parent molecules and their model 
molecules are summarized in Table I together with the 
observed ionization potentials (IPs)” in relation to the 
LPO on the N atom. As we have no experimental data 
on the IPs of 1 and 2, the observed values for 7- 
azabenzobibicyclo(2.2.l]heptane and its N-Me derivative 
were used for the comparison. From this, we can see that 
the calculated values correspond very well to those 
observed. To examine in more details, the relations of 
the observed IPs existing between 1 and 2, and between 
3 and 4 are well explained by the relations existing in the 
calculated LPOEs, that is, the molecule 1 has smaller IP 
than that of the molecule 2, which corresponds to the 
values of the orbital energies concerned, and the same is 
true for the molecules 3 and 4. Moreover the tendencies 
of the calculated LPOEs between 1 and 3, and 2 and 4 
also correspond with those of the observed IPs. 

We then make comparison between the results of the 
parent molecules and the model molecules. The ten- 
dencies of the calculated LPOEs in the parent molecules 
are well reproduced by those in the model molecules. 
The fact that the ionization energies of the parent mole- 
cules become smaller by the methylation is also 
reproduced reasonably by those of the model molecules. 

From these results, the model molecules now considered 
are suitable to analyze the orbital interactions of the 
parent molecules. Therefore, hereafter the analyses of 
the through-space/bond interactions in relation to the 
parent molecules were made on the basis of the LMOs of 
these model molecules. 

Model molecules 5 and 6 

Figures 2 and 3 show the typical interaction diagrams 
for 5 and 6. The orbital energies and the difference are 
summarized in Table 2. First we analyze the model 
molecule 5 by using Fig. 2. The LPOE is raised up 
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Fig. 2. Typical LPO interaction diagrams for 5. Broad line part 
shows the interaction allowed part. )I: Is electrons of N atom are 
not included in the interaction, and N: they are included a: LPO 
is cut off from all type of interaction, b: interaction between the 
LPO and Is electrons of the N atom alone is allowed, c: in 
addition to the diagram b, the neighbouring N-C bonds are 
included in the interaction, d: in addition to the diagram c, the 
N-H bond is included in the interaction, e: full interaction case. 

Fig. 3. Typical interaction diagrams for 6. Notations: see Fig. 2. 
a. b, c: see a, b, c of Fig. 2. d: in addition to the diagram c, the 
N-C bond in the N-methyl group is included in the interaction, e: 
in addition to the diagram d, the C-H bonds in the N-methyl 

group are included in the interaction 1: see e of Fig. 2. 

Table I. Calculated LPOEs (a.u.) and observed IPs (ax.) in 1,2,3 and 4, and in 
their model molecules, 5,6,7 and 8 

LPOE IPa LPOE 

1 -0.286 -0.310 5 -0.291 

2 -0.274 -0.306 6 -0.281 

3 -0.274 -0.302 7 -0.284 

4 -0.263 -0.286 8 -0.271 

a From Ref. 20. 



An analysis of the through-bond interaction 2795 

considerably by interacting with Is electrons of the N 
atom (b) and with the neighbouring N-C bonds (c) as 
shown in Table 2. These are the through-bond inter- 
actions. The importance of the Is electrons in the N atom 
had been already discussed in relation to the interaction 
with LPO previously.‘6 The LPOE is also raised up by 
the interaction with the methyl groups in the both-side, 
which correspond to the bridgehead parts of the parent 
molecules (e). This change includes both the through- 
space and the through-bond interactions. 

The N-Me species is then discussed using Fig. 3. In 
this species also the LPOE is raised upward considerably 
by interacting with the Is electrons of the N atom (b) and 
with the neighbouring N-C bonds (c). Next largest con- 
tribution is the interaction with the Me groups in the 
both-side (f). The interaction with the N-Me group (e) is 
also remarkably large and plays an important role for the 
determination of the relative heights of the LPOEs in the 
series of the molecules S-8. 

Model molecules I and 8 
Figures 4 and 5 show the typical interaction diagrams 

for the model molecules 7 and 8. In these species, the 
variation in the LPOE is fairly large by the interactions 
with Is electrons of the N atom and with the neighbour- 
ing N-C bonds (b and c of Figs. 4 and 5). The same was 
also shown in The case of 5 and 6. However the inter- 
actions with the N-H group (d) are not so large (Fig. 4). 

The interaction with both the neighbouring Me and 
methylene groups is considerably large, which cor- 
responds well with the cases of 5 and 6 (e in 5 and 7. f in 
6 and 8). The neighbouring Me group corresponds IO the 
bridgehead part of the parent molecules. The effect of 
the N-Me group in 8 is quite similar to that in 6, that is, 
the I-POE is raised up considerably by the presence of 
the N-Me group. 
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Fig. 4. Typical inIeracIion diagrams for 7. Notations: see Fig. 2. 
a, b, c, d: see a, b. c. d of Fig. 2, e: in addition IO the diagram d, 
the C-H bonds of the methylene group as well as the methyl 
group of the left-hand side are included in the interaction. 1: see 

e of Fig. 2. 
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Fig. 5. Typical interaction diagrams for 8. Notations: see Fig. 2. 
a. b, c: see a, b, c of Fig. 2. d, e: see d. e of Fig. 3.1: see e of Fig. 

4. g: see e of Fig. 2. 

GESERAL DISCUSSION on the N. since the mixing of the Is atomic orbital is 
Effect of Is electrons expected to give the remarkable effect to the LPOE. The 

Let us examine again the diagrams a of Fig. 2-5 (Table values of the coefficients for 5, 6, 7 and 8 are -0.070, 
2). Here we examine the magnitude of the coefficient of 
the N inner shell Is atomic orbital in the localized LPO 

- 0.07 I, - 0.067 and - 0.068, respectively. The LPOE of 
a in 5, 6. 7 and 8 are - 0.527, -0.536, - 0.521 and 

Table 2 The change\ in the LPOE$ (a.u.1 by various types of interactions in the model molecules.5. 

6.7 and 8 

5 6 

.3 LPOE C' LWE 2 

P -0.527 0. -0.536 0. 

b -0.430 0.097 -0.438 0.098 

C -0.356 
?.0/4 

-0.362 
r.n7r 

0.171 0.174 

d -0.342 .$ . ; : : c ,? ; I 
0.185 

-0.349 
0.187 

e -0.291 ;.;:, -0.320 
: . c : 5 
0.216 

f -0.281 
(1. 1!33 
0.255 

7 8 

LWE I LPOE L 

-0.521 0. -0.529 0. 

-0.431 0.090 -0.437 0.092 

-0.353 
:.:7!? I:. G8G 
0.168 -0.357 0.172 

-0.343 :.G:: -0.347 5.516 
0.178 0.182 

-0.294 S.!,4S -0.317 c/.030 
0.221 0.212 

-0.284 :'.C,?G -0.281 G.b36 
0.237 0.248 

-0.271 O.GlG 
0.258 

’ See also Figs. 2 - 5. Difference: figures in italics show the 

difference between a certain diagram and a nelbouring upper 

diagram to know easily a definite interaction effect, and figures 

in roman show the difference between a certain diagram and the 

diarrram a. 
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-0.529 (a.u.). There is a clear parallelism between the 
coefficients of the Is atomic orbital and the LPOE. In 
comparison of 5 with 7, the effect of the interaction with 
Is electrons on the LPO of the N atom is in proportion 
to the magnitude of the total interactions (see a and e in 5, 
and a and f in 7 in Table 2). The same is true for 6 and 8. 
However, the presence of the N-Me group reverses the 
order between 5 and 6 and between 7 and 8. That is, the 
molecule 6 with the N-Me group has lower LPOE in a 
than the molecule 5 without the N-Me group, while 6 has 
higher LPOE in f than 5 has in e. The same situation is 
found for 7 and 8. This result should be noteworthy. 

found to be attributed to the effect of the N-Me group, 
while the differences in the LPOE between 5 and 7, and 
between 6 and 8 are reasonably explained by the con- 
tribution of the remote Me group, which corresponds to 
the remote bridgehead of the bicycle part. Moreover it is 
recognized that to the analysis of the LPOE of the fairly 
complicated molecules under study, the analysis on the 
appropriate model molecules is very useful, convenient, 
and indispensible. 

The present procedure will also be used for the analy- 
sis of the other chemical phenomena. 

Through-bond interaction. 
Next we examine the diagrams b of Fig. 2-5. In these 

diagrams, the interaction between the localized LPO and 
the localized N inner shell Is orbital is allowed. The 
LPOEs in 5 and 7 are nearly equal after this interaction, 
and the LPOEs in 6 and 8 are also nearly equal with each 
other. Accordingly, the difference between 5 and 7 (or 6 
and 8) in the geometry around the N atom gives quite 
small effect to the LPOE; in other words, the strain in 
the ring part of the molecules gives little difference in 
the LPOE. The LPOE of the N-Me species (6 and 8) is 
smaller than the others (5 and 7). 
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