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SPLITTING OF THE DEGENERATE ACETYLENIC =NOS; 

A PROBE FOR RING STRAIN 
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As Figure 1 shows, the splitting between the fCMOs of acetylene depends strongly 

on the angle o< , i.e. the deviation from the colinear arrangement of the C-H 

bonds and the triple bond. The destabilization of the ny MO is mainly due to the 

negative overlap (Sl.205 2 = -0.29) between the 2px AOs contributing to this HO 

2 
for c( f 0 (04ti ,(90°). Recently synthesized systems, namely cyclooctyne (1) , 

3 
3,3,8,8-tetramethylcyclooctyne (1) , 3,3,7,7-tetramethylcycloheptyne (z)4r and 

3,3,6,6-tetramethyl-l-thiacycloheptyne (2)' allow an experimental examination' of 
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these theoretical predicti- 

ons. 

Figure 2 shows the photo- 

electron (pe) spectra of 1 

and 2 and Figure 3 displays 

the experimental6 correla- 

tion diagram for the highest 
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7YsUOs in acetylene versus 

the angle a( . 
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Figure 2 

Photoelectron spectra 13 of molecules 2 and i. 

occupied HOs (themy and =aMOs of the triple 

bond and the nrt lone pair MO on the sulphur atom 

of:l to 2 and of 3,3,6,6-tetramethyl-l-thiacyclo- 

heptanecl). As the spectra and correlation dia- 

gram (Figure 3) reveal, the degenerate acetyle- 

nicflMOs are not split in either 1 or 2 . 

For 1, o< is 21.5' 7 . The expected splitting 

(Figure 1) is only about 0.2 eV and thus not re- 

6 solved in the pe spectrum of 1 . In the case of 

3, o( amounts to 34.2O '. In agreement with the 

predicted splitting of about 0.5 eV,the corres- 

ponding bands in the pe spectra (Figure 2) of 2 

and 2 are split (measured splitting = 0.32 eV 

for 2 and 0.31 eV for 5). These results show 

that with increasing o( , i.e. increasing ring 

strain, the splitting of the degenerate acetyle- 

nit =HOs grows and can be observed, for the 

first time, with the cycloheptyne systems. 

Figure 3 

En- 
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9'. S&Ocm-’ n V*=soocm-1 
Correlation diagram for 

the highest occupied UOs 

of molecules 1 to 2. 
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th. ,,st Of the from the r.st 

mot*cul* of tha molecule 

iI) (2) 131 

the nn and the ny HOs we used a method lo which permits one to interrupt the 

conjugation of a selected portion of molecule with the rest of the system in 

Figure Ir 

CNDO/S l1 calculations on 2 at 

three stages fil) to (3j) of con- 

jugative 

From our 

interruption. 

results we may additionally 

expect that for cyclohexyne systems 

(e.g. the benxyne system 2) the 

splitting of the acetylenic=MOs 

should be as high as about 1 eV. 

Moreover, our findings suggest that 

the increase in theIty UO energy 

in strained cycloalkynes is the 

source of the enhanced reactivity 

of the triple bond in these systems. 

In order to confirm that the ob- 

served splitting in 2 is due to 

ring strain and not to possible 

transannular interaction between 

conjunction with an extended CNDO/S method 
11 

. The results are shown in Figure Q. 

Obviously, the splitting in case (2) is only insignificantly higher than in case 

(11, indicating that the transannular n 
nz / XY 

interaction plays no rale. 
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