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The wavenumbers of symmetric and antisymmetric C= O stretching vibra-
tions were measured for 46 derivatives of exo-7-oxabicyclo[2.2.1}hep-
tane-2,3-dicarboximide in dilute solutions of tetrachloromethane and tri-
chloromethane. A statistically significant correlation has been found between
the wavenumbers of symmetric and antisymmetric C= O stretching vibrations
in the series of 87 experimental points obtained for values measured in both
solvents. The relation between the slope of 7(C=0) vs. v.,(C=0) depend-
ence and the structure of investigated compounds is discussed and compared
with those for other five-membered cyclic imides and 1,3-dicarbonyl com-
pounds.

H3MepeHbl BOJMHOBBIE YHCTA CUMMETPHUHBIX ¥ aCHMMETPHYHBIX Ball€HT-
HpIx KojebGanmit cBi3d C=0O s 46 npou3BOIHBIX 3K30-7-0KCAGHINK-
no[2.2.1]remrran-2,3-gukap6okcaMuia B pazbaBICHHBIX pPACTBOPax TeT-
paxjiopMeTaHa u TpuxsopMeTaHa. OOGHApyXKeHAa CTATHCTHYECKHM 3HauHUMas
KOPPEeNsiius MEXNY BOJTHOBLIMH YUCIIAMHM CUMMETPHYHBIX M aCHMMETPH<HBIX
BaneHTHbIX kKosebanui ca3u C=0O g nabopa 87 3KCHEPUMEHTANBHBIX
TOYEK, TMOJYYEHHBIX [/ BEJMYHH, M3MEPEHHBIX B OOOHMX PaCTBOPHTENSX.
O6cyxnaercs B3aUMOCBSI3b  MEXY HAKJIOHOM INPAMOH, BhIpaXawUlen
zaBucuMOcTE MeXay Vi(C=0) u v,(C=0) u CcTPYKTYPOH HCCIENYEMBIX
coenuHenuit. IlpoBeneHo cpaBHeHHE ¢ IPYTMMM NSTHWICHHBIMH UK HYEC-
KMMM uMHTaMH # 1,3-1uKapOOHUIBHBIMM COEHHEHHSIMHU.

Recently [1] the wavenumbers of maleimide derivatives were studied. Fayat and
Foucaud [2] investigated particularly the wavenumbers of C= O stretching vibra-
tions of various saturated cyclic dicarboximides. The wavenumbers of antisymmet-
ric C=0 stretching vibration measured in dioxan for seven derivatives of
N-phenyl-7-oxabicyclo[2.2.1] heptane-2,3-dicarboximide were reported by Au-
gustin et al. [3].
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The present paper is connected wﬁh our previous communication {1} and be-

iongs to our general and systematic study of C=0 stretching vibrations of cyc-
lic dicarbonyl compounds [ E] I'he aim of this work was to investigate the
wavenumbers of C=0 spetching vibrations for series of exo-7-oxabicyclo-
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The preparation and properties of compounds I have been published [12—14] and
compounds {f and III were synthesized according to procedures reported before [15, 16].
All substances were purified before use for spectral measurements according to methods
described [12—16].

The infrared spect-a of compounds Il were measured on a (Zeics, Jena) Specord
75 IR spectrophotometer using solutions in tetiachloromethane and trichloromethane. For
measurements of bands belonging to the antisymmetric C= O stret-hing vibration NaCl celis
of 1 mm thickness were used. The less intense absorption bands of symmetric C=0
stretching vibration were measured in 5 mm or 10 mm NaCl cells. Concentration of
sofutions in the range of 107'—107° mol dm™ was used to obtain 70—75 % maximal
absorption of investigated bands. The wavenumber scale of the instrument was calibrated
against the standard spectra of atmospheric water vapour and indene. The peak positions
were determined from three measurements with an accuracy 0.5 cm™.

Results and discussion

As the syntheses of all investigated 7-oxabicyclof2.2.1]heptane-2,3-dicarbox-
imides | 12-~16] started from exo-isomers of corresponding cyclic anhydrides it can
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be supposed that compounds I—IIT have also an exo configuration of the
2,3-dicarboximide ring with respect to the oxygen atom in position 7 (IV) (Scheme
2). Generally the exo-isomers of 7-oxabicyclo[2.2.1}heptane-2,3-dicarboximide
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Scheme 2

are more stable than the corresponding endo-isomers, which owing to the light
easily change for exo-isomers {17, 18].

Similarly to other cyclic imides derivatives of 7-oxabicyclo[2.2.1hepta-
ne-2,3-dicarboximide I—IIT exhibit in the regiors of ¥=1710—1746 cm™! and
v=1775—3i808 cm™"' two absorption bands. The more intense band at lower
values of v belongs to the antisymmetric stretching vibration, v..(C = O}, while the
band at higher values of ¥ and with a lower intensity can be assigned to the
symmetric stretching vibration, v{C =0}, of the vibrationally coupled CONCO
system of the imide ring. The wavenumbers of both the symmetric and antisymmet-
ric C=0 stretching vibrations measured in CCl, and CHCl, for compound series
{—III are given in Table 1. The values of %.(C=O) and ¥, {C=0) for compounds
I—HI are similar to those observed {2] in the case of analogous saturated
five-membered cyclic imides, i.e. succinimides (¥,(C =0} =1781—1801 cm ™! and
Vel C=0}=1708—1735 cm™).

The degree of vibrational coupling in CONCO system, which can be f‘X'g}?SSS-‘Sd
as the difference between the wavenumbers of symmetric and antisymmetric
C =0 stretching vibrations, AV = ¥(C=0) ~ vas(C = {3} {2, 19, 20] for r@mp«;m nds
I—III is observed in the region of 58-—67.5 cm™! and is similar to values in the
case of derivatives of succinimide (AV=54—Tdcm™") [2] and waiexméi,
(Av=51—66 cm™') [1]. The comparison with five-membered cyclic 1,3-diketones
(AV=35—50 cm™") [4, 9] shows that the degree of vibrational coupiing is much
higher in cyclic imides. This is connected with the change in geometry of the
five-membered ring on replacing the carbon atom in position 2 by nitrogen atom,
as well as with a partially sp® character of the imide ring C—N bond.

Compounds of the series I-~IiI, iike maleimides [1] and varicus five-membered
1,3-diketones [4, 7—11], exhibit a linear correlation between the wavenumbers of
symmetric and antisymmetric C= O stretching vibrations. As the experimental
values measured in both solvents CCl, and CHCI, for all three series F—JIT fall in
the same correlation V(C=0) vs. v, (C=0), *he data given in Table 1 for 37

Chem. Papers 39 (6} 755761 (16"5) 757




Rt L T

A. PERJESSY, E. SiDOOVA

Table 1

Wavenumbers of symmetric and antisymmetric C = O stretching vibrations for derivatives of exo-7-oxa-
bicyclo[2.2.1]heptane-2,3-dicarboximide of series I—IIT

1

v/em™
Compound CCl, CHCl,
No. R*
v(C=0) VolC=0) v{C=0) v, (C=D
Series I
1 OH b b 1786 1718
2 O1-Pr 1792 1729 1789.5 1724
3 OCH=CH, 1793 1732 179C 1726.5
4 QOHept ' 1793 1732 1790 1725
5 OCHMEeEt 1791.5 1729 1789 1722.5
6 OCH,CH = CMeCl 1793.5 1732.5 1790.5 1726.5
7 Oi-Pe 1792 1732 1790 1724.5
8 Oc-Pe . 1791.5 1730 1788.5 1723.5
9 OCH,Ph 1792.5 1731.5 1790.5 1726
10 OCOMe 1790 1723 1786 1721.5
11 OCOPh 1808 1746 1805 1740
12 NHPh 1786.5 1729.5 1790 1727.5
13 NH[2,4-(NO,),Ph] 1795 1732.5 1797.5 1739.5
14 NHCOMe b b 1797.5 1735
15 N(COMe), 1802 1735.5 1799.5 1742
16 NHCOCH,Ph b b 1798 1737
17 NHCOPh b b 1798 1737
18 NHCO(2-Fu) b b 1800 1738.5
i N=CHPh 1785.5 1720.5 1780.5 1716
20 N = CH{4-NMe,Ph) 1780 1714.5 1775.5 1710.5
21 N = CH(2-OHPh) 1789 1724.5 1785 1720
22 N = CH{2 CiPh) 1787 1723.5 1782 1719.5
23 N=CH(4-ClPn) : 1786.5 1721.5 1781.5 1716.5
24 N=CH(2-NO,Ph) 1788 1726 1783.5 1721
25 N=CH(3-NO,Ph) 1786.5 1724 1784 1720
26 N =CH(4-NO,Ph) 1760 1726 1785.5 1720.5
27 N=CH(2-Fu) 1787 1720.5 1781 1717
Series I1
28 OMe 1796 1736 1794.5 1731.5
29 OEt 1796 1736.5 1792 1730
30 OPr 1795.5 1736.5 1792 1730
1 Oi-Pr 1795 1734 1790.5 1728.5
32 OCH,CH = CH, 1796 1737.5 1792.5 1730
33 OCHMeEt 1795.5 1736.5 - 1791 1728.5
34 OCH,CH = CMe(l 1796 1736.5 1792.5 1729.5
35 Qi-Pe 1796 1736 1792 1729.5
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Table 1 (Continued)

viem™!
Compound Ra CCl, CHCL,
No.

vi(C=0) v (C=0) w(C=0) v, (C=0)

36 OCH,Ph 1796 1736.5 1792 1730.5
Series ITI

37 OH 1786 1721.5 1790 1722.5
38 OMe 1797.5 1736.5 1795 1732.5
39 OEt 1795.5 1737.5 1794.5 1731
40 OPr 1796.5 1737 1794 1731
41 Oi-Pr 1797 1737 1792.5 1730
42 OCH,CH=CH, 1798 1738 1794 1731
43 OBu 1796.5 1737 1793.5 1730.5
44 OCHMeEt 1796.5 1736 1792 1729.5
45 OCH = CMe(Cl 1797 1738.5 1793.5 1730.5
46 Oc-Pe 1796 1737 1792 1729

@) The abbreviations used in denoting the substituents R: Pr — propyl, Hept — heptyl, Et — ethyl,
i-Pe—isopentyl, c-Pe—cyclopentyl, Ph—phenyl, Me—methyl, 2-Fu-—2-furyl, i-Pr—isopropyl,
Bu—butyl.

b) Unsoluble in CCl,.

experimental points can be evaluated statistically by a single dependence (eqn (1)}
illustrated in Fig. 1. ,

7(C=0)=(0.747+0.025) - ,,(C=0) + (499.895 £43.316) cm™* (1)
r=0.955 _s=1.648cm™

where r is the correlation coefficient and s tne standard deviation of dependence
(eqn (1)).

A more detailed analysis of statistical results of correlation reveals that only
5.7 % of experimental points deviate by *+3.0—5.6 cm™' from the estimated
straight line and the deviation of 86.2 % of the experimental points is less than
+2 cm™'. It follows from the above-mentioned results that eqn (1) is statistically
significant and can be compared to analogical relationships found for other similar
systems.

It has been already shown in preceding papers [2, 8, 10, 11] that the slope g of
v (C=0) vs. 7,(C=0) dependence expresses the symmetry of separation of
structural effects upon the wavenumbers of two vibrational modes of mechanically
coupled system and its value depends on direct conjugation between the vibrating
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Fig. 1. Relationship between the wavenumbers of symmetric and antisymmetric C=O stretching
vibrations for derivatives of exo-7-oxabicyclo[2.2.1]heptane-2,3-dicarboximide I—IIL

C = O groups. For systems in which such a conjugation is absent, e.g. for saturated
cyclic 1,3-diketones [2, 11], the value of g is close to 1. In the case of aromatic or
unsaturated cyclic 1,3-dicarbonyl compounds [4, 8—10] the value of g decreases
depending on the number of electrons contributing to the resonance interaction
between the C = O bonds. The value of slope of v.(C = O) vs. v..(C= O) correlation
observed for succinimide derivatives is very low (o ~0.6), because the system is
conjugated directly through the lone electron pair of nitrogen atom located
between the two C= 0O groups. An evidence of this is also the fact that in series of
saturated N-substituted cyclic 2,3-dicarboximides the substituents influencc sig-
nificantly the wavenumbers of antisymmetric C= O stretching vibration [3]. In the
case of maleimides [1] the m-electrons of C=C bond play a substantial roie in
conjugation between the C= O groups and consequently the value of slope of the
above-mentioned dependence increases to g =0.93.

For derivatives of exo-7-oxabicyclo[2.2.1]heptane-2,3- dicarboximide studled
herein the value of the slope of V(C=0) vs. V., (C=0) dependence
(0=0.75) is somewhat higher than the value of o observed in the case of
succinimide derivatives. This can be explained as a weakening of resonance
interaction between the C=O0O groups resulting probably from the break of
coplanarity in the five-membered imide ring owing to its exo configuration (IV)
with respect to oxygen atom in position 7 (Scheme 2).
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On the basis of these results the conclusion can be drawn that also the structure
of farther cycle fused to five-membered ring of saturated 2,3-dicarboximides
influences the symmetry of separation of structural effects upon the v, and v,
values as well as the conjugation between the vibrating C=0 groups.

Acknowledgements. Qur thanks are due to Dr. V. Blandrikovd and Z. Sustekovi
(Institute of Chemistry, Komensky University, Bratislava) for technical assistance.
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