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The infrared spectra in the region of fundamental c=o stretching vibrations in tetrachloro
methane and chloroform were measured for 59 maleinimide derivatives. A linear correlation 
between the wavenumbers of symmetric and antisymmetric C=O stretching vibrations was found 
for a series of 102 experimental data obtained in both solvents. The slope of the v.(C=O) vs Vas' 

.(C=O) dependence as well as the degree of the vibrational coupling in imide system were dis
cussed and compared with those for analogical five-membered cyclic 1,3-diketones. 

The C=O stretching vibrations of various saturated four-, five- and six-membered 
cyclic imides were investigated particularly by Fayat and F oucaud 1• Augustin and co
workers2 studied the antisymmetric C=O stretching vibration in tetrahydrofurane 
solution fo~ series of saturated cyclic and bicyclic imides. The wave numbers of anti
symmetric C=O stretching vibration of some derivatives of maleinimide measured 
in the solid state were reported by Augustin and Kohler3. Our previous papers4 - 15 

were devoted to the investigation of the C=O stretching vibrations of various series 
of cyclic 1,3-diketones. However, the C=O stretching vibrations of unsaturated 
cyclic imides have not yet been studied systematically. 

In connection with our general investigation on infrared spectra and structure 
of dicarbonyl compounds we aimed this communication to study the c=o stretching 
vibrations of a series of maleinimide derivatives 1. 
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1306 Perjessy, Augustin, Kohler: 

EXPERIMENTAL 

The preparation and properties of compounds I (No \- 56, Table I) have been reported3 ,16,17. 

The synthesis of remaining maleinimides I (No 57-59, Table I) has not yet been published 18. 

The infrared spectra of CCl4 and CHCl3 solutions of compounds I were taken on a Zeiss, 
model 75 IR Specord spectrophotometer. The wave numbers of anti symmetric c=o stretching 
vibration were measured in NaCi cells of 1 mm thickness. The less intense absorption bands 
of symmetric c=o stretching vibration were obtained by measuring of solutions in NaCi cells 
of 5 or 10 mm thickness. Concentration of the solutions met requirement for a 70- 75% absorp
tion of the examined band maxima. The wavenumber scale of the instrument was calibrated 
against reference spectra of both indene and atmospheric water vapor. Peak positions were 
determined by averaging the results of three measurements and are believed to be accurate 
to±0·5cm- 1 • 

RESULTS AND DISCUSSION 

Maleinimides (1) (Table I) analogously to other cyclic imides, anhydrides or 1,3-diket
ones exhibit in the regions of 1 830 -1 730 cm -1 two absorption bands belonging to 
the symmetric (vs(C=O)) and antisymmetric (vas(C=O)) stretching vibrations of the 
coupled CONCO system. The va.(C=O) absorption bands are more intense than the 
v.(C=O) ones which is in agreement with other five-membered cyclic imides l - 3 • 

The wavenumbers of both the symmetric and antisymmetric c=o stretching vibra
tions of maleinimides I appeared at higher values when compared with unsaturated 
or aromatic five-membered cyclic 1,3-diketones4 ,9,12. This can be rationalized 
by the change of valence angles in five-membered ring as a result of the contraction 
of the ring size replacing the carbon atom by nitrogen one. The electron-with
drawing effect of the nitrogen atom in the imide ring plays also an important role 
in the increase of wavenumbers of both the v'(C=O) and v •• (C=O) vibrations. 

It has been shown 1 ,19,20 that the wavenumber separation between the symmetric 
and anti symmetric C=O stretching vibrations Llv = v.(C=O) - va.(C=O) can be 
considered as a measure of the vibrational coupling in cyclic 1,3-dicarbonyl system 
and depends on the angle formed by two vibrating c=o bonds. For maleinimides I 
the Ll v values were found in the range of 51 - 66 cm -1 which is successively higher 
than that observed for unsaturated or aromatic 1,3-diketones (Llv = 35 to 
50 cm -1 )4,9. The phenomenon of this is well explainable again by diminution 
of the ring size substituting the carbon atom linked on two C=O groups by nitrogen 
one. The smaller ring size of maleinimides causes an enlargement of the angle formed 
by two vibrating C=O bonds in comparison with that of unsaturated or aromatic 
cyclic 1,3-diketones. 

Similarly to cyclic 1,3-diketones4 ,8-lo,12 also maleinimides I reveal a linear cor
relation between the wavenumbers of symmetric and antisymmetric c=o stretching 
vibrations. As all experimental values measured in both solvents CCl4 and CHCl3 

lie practically on the same line, we evaluated the data by a common correlation 
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C=O Stretching Vibrations of Maleinimides 1307 

for 102 experimental points (Fig. 1): 

V.(C=o) = 0'925(±0'027) va.(C=O) + 185'971(±47'251) 

r = 0·925 s = 3'232, 

where r is the correlation coefficient and s the standard deviation. The values included 
in correlation are evident from the footnotes in the Table I. Data for some com
pounds were excluded from the correlation on account of their larger deviation 
from the straight line compared to the majority of experimental points. The particular 
statistical treatment showed that only 8'8% of experimental points deviated from the 
correlation by 5·0-7'5 cm -1, while the deviation of 91'2% of them was lower than 
5 cm- t . 

The slope of v.(C=O) vs v •• (C=O) dependence (e = 0·92 cm- 1) is markedly 
higher compared to those of unsaturated and aromatic five-membered cyclic 
1,3-diketones II and III (e = 0·82 cm -1 and e = 0·78 cm -1, respectively) reported 
in our previous communications4 •9 • 
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FIG. 1 

Relationship between the wavenumbers 
of symmetric and antisymmetric C=O 1740 
stretching vibration for maleinimides I 
in CCI4 and CHCI3 1680 
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This means that in maleinimides I the influence of the structure upon symmetric 
and antisymmetric C=O stretching vibrations is more symmetrical than in the case 
of compounds II and III. The enlargement of t.he e value of maleinimides'I can be 
interpreted in the first approach as a decrease of direct conjugation between the C=O 
groups, resulting from the electron-withdrawing effect of the nitrogen atom in the 
five-membered imide ring. 
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