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Rotational isomerism of vinyl ethers of azines based on the data of 
IR spectroscopy and quantum-chemical AM1 calculations 
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The IR spectra of vinyl ethers of azines have two C=C stretching vibration bands of the 
vinyl group at 1620 and t640 cm -1, which correspond to the s-cis and nonplanar s-tram 
conformers, respectively, According to the results of AMI calculations, the hetaryl fragment 
and the vinyl group in the s-tram conformers of all the ethers under study are twisted out of  
the C - - O - - C  plane by -30 ~ . In the s-cis conformation, the angle of rotation of the 
heterocycle with respect to the vinyloxy group varies from 45 to 90 ~ The character of the 
change in the intensity of the v(C=C) absorption bands of the doublet under changes of the 
temperature indicates that the s-tram conformer is energetically favorable. The exception is 
5-vinyioxyacridinr for which the s-cis conformation is more favorable. 

Key words: hetaryl vinyl ethers, rotational isomerism, IR spectra, semiempirical AMI 
method. 

The  structures o f  hetaryl vinyl ethers have been 
studied substantially more  poorly than the structures o f  
alkyl vinyl and aryl vinyl ethers. Almost  all works 1-5 
were devoted to examina t ions  o f  N M R  spectra. The  UV 
and Raman spectra were recorded only for 2-vinyl-  
oxypyridine.  6 Owing to low barriers to internal  rotation 
in the case o f  hetaryl vinyl ethers,  the N M R  method  
can provide data  on the  spatial structure o f  the p redomi-  
nant confo rmer  but it does not allow one to obtain the 
spectra o f  individual rotat ional  isomers. 

Previously, cri teria were reported which allow one to 
judge the presence o f  rotat ional  isomers of  aryl vinyl 
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ethers from IR spectra. 7-9 The  d a t a  on the structures of  
the conformers  obtained by q u a n t u m - c h e m i c a l  calcula-  
tions are also available, t~ T h e s e  results were used for 
studying the rotational i somer i sm of  related classes o f  
compounds ,  namely,  o f  vinyl e the rs  o f  pyridine and 
quinol ine  (1--9) .  

Expe r imen ta l  

The IR spectra of  compounds 1--9 in the liquid phase (in 
a thin film) were recorded on a double-beam Specord IR-75 
spectrometer. The resolution in the 100--1700 cm -I region 
was 2 cm-[.  

Temperature studies were carried out in a standard cell 
(Carl Zeiss Jena) with the use of a calibrated thermocouple. 
The extreme point of the low-temperature region was obtained 
under a stream of liquid nitrogen at T = 103 K. 

Results and Discussion 

/Ulalysis o f  the IR spectra o f  aryl vinyl ethers de-  
monstrated that  the C = C  s t re tch ing  vibrat ion o f  tile 
vinyl group is the  most reliable spectral  character is t ic ,  
which allows one  to judge the presence  o f  rotat ional  
isomers. 7-11 The  s-cis c o n f o r m e r  is charac te r ized  by a 
vibration at 1620 cm - I .  For  t h e  s-tram conformer ,  a 
vibration o f  the C = C  bond is obse rved  at 1640 c m - i .  Iz 
The  IR  spectra o f  ethers o f  az ines  1 - -8  also have two 
bands that correspond to this v ibra t ion:  at 1620--1628 
and 1638--1644 cm -t  (Table 1). As the  tempera ture  of  
a thin film of  compounds  1- -7  decreases  to 103 K, the 
intensity o f  the low-frequency band  decreases  and the 
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Table I. Frequencies of the C=C absorption bands (v(C=C)) 
of the vinyl group in the IR spectra of hetaryl vinyl ethers 

C o m -  v I v 2 C o m -  

p o u n d  cm -j  pound 

v I V 2  

c m - I  

1 1625 1643 6 1625 1638 
2 1627 1644 7 1622 1638 
3 1628 1644 8 1622 1643 
4 1628 1643 9 t625 1643 
5 t620 1643 

intensity of  the h igh- f requency  baud increases (Fig. 1). 
This charac ter  o f  the temperature  dependence  c o m -  
pletely coincides  with that observed for phenyl vinyl 
e ther  (9), 9 which we considered as the "standard" c o m -  
pound. This suggests that  the low-frequency band of  the 
v ( C = C )  vibrat ion in the spectra of  compounds  1- -7  
corresponds to the s-cis form and the h igh-f requency 
band at 1638--1644 cm -q corresponds to the s - t ram 
conformer .  

To establish the spatial structures of  rotational iso- 
mers of  vinyl ethers o f  azines in more detail ,  possible 
conformat ions  o f  3-vinyloxypyridine (1), 3-, 4-,  6- ,  and 
8-vinyloxyquinol ines  (2, 3, 5, and 6, respectively),  and 
5-vinyloxyacr idine (8) were calculated by the q u a n t u m -  
chemica l  AM I me thod  with full opt imizat ion  of  geo -  
metr ic  parameters,  t3 For molecules  1--3,  5, and 6, 
three energy min ima  were found,  two of  which corre-  
spond to the nonplanar  s-trans conformat ions  with dif- 
ferent or ientat ions  o f  the heterocycle  with respect to the 
vinyl group (structures A and B). The  third m i n i m u m  
corresponds to the s-cis conformat ion  in which the 
phenyl ring deviates substantially from the plane of  ttle 
vinyloxy group (structure C). 
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Fig. 1. Temperature dependences of the v(C=C) doublet in 
the IR spectra of hetaryl vinyl ethers 1 (a), 7 (b), and 8 (c) in 
a thin film. T = 293 K (1) and 103 K (2). 

The values of  the equil ibrium torsion angles ~ (about 
the O--CHeta r bond) and ~ (about the O - - C v i  n bond) 
and the heats of  formation of  the conformers  are given 
in Table 2. According to calculations,  the nonplanar  
s-trans conformer  with u/ = 30:t:5 ~ and q~ = 10--25 ~ is 
realized in ethers 1--3,  5, and 6. In the case of  the second 
nonplanar s-trans conformat ion,  similar values of  the 
torsion angles W and q) were obta ined for 3-vinyl-  

Table 2. Heats of formation (E/kcal mol - t )  and torsion angles (deg) for the conformers of 
compounds 1--3, 5, 6, 8, and 9 

Corn- s-trans Conformers s-cis Conformers 

pound E I Torsion angles E 2 Torsion angles E 3 Torsion angles 

tel gh ur ~P2 W3 q~3 

! 23.1 a 31.3 24.0 23.1 29.2 20.5 22.6 46.1 11.6 
2 43.6 a 35.7 23.3 43.1 24.8 26.4 42.9 84.6 0.3 
3 44.3 b 31.3 14.0 44.8 55.0 8.2 44.4 54.9 2.9 
5 42.9 c 37.1 I 1.9 43.0 33.7 20.2 42.4 52.7 9.4 
6 45.5 d 35.7 23.1 47.5 50.[ 10. l 44.1 60.3 16.0 
8 70.3 60.1 6.7 69.8 88.4 0.7 
9 12.5 33.2 22.0 12.0 57.7 8.3 

,,-,t Correspond to the s-cis(C2), s-c/s(C3), s-cis(C~), and s-c/s(C 7) orientations of the vinyl 
group, respectively. 
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oxypyridine (1) and 3- and 6-vinyloxyquinolines (2 and 
5), in which steric interactions between the aromatic 
fragment and the vinyloxy group are ab- 
sent. The conformer with the syn ar- 
rangement of the vinyloxy group and the ).o aromat ic  f ragment  (4- and 6-vinyl-  
oxyquinolines (3 and 6)) is characterized ~ . ~ w  
by an additional steric strain, which leads 
to an increase in the torsion angle W to 
50--55 ~ (structure D). 

The values of  the torsion angles in D 
the s-cis conformers  of  compounds  
1--3, 5, and 6 are as follows: W = 45--900 and go = 
0--15 ~ Unlike the s-trans conformers, an essential spread 
in the calculated values of  the torsion angle ~r is ob- 
served in the s-cis conformers of these compounds.  
Thus, the hetaryl fragment in 3-vinyloxyquinoline (2) is 
virtually orthogonal to the vinyloxy group, while the 
pyridine ring iu 3-vinyloxypyridine (1) is twisted out of  
the plane of  the vinyloxy group by only 46 ~ (see Table 2). 
However, a change in the torsion angle W in compound 
! from 40 to 90 ~ (the remaining geometric parameters of  
the conformation are fixed) leads to an insignificant 
change in its energy (~0.2 kcal mol- l ) .  The dependence 
of the heat formation of  3-vinyloxypyridine (1) on the 
torsion angle ~ in the s-cis conformation is given below. 

•/deg 40 50 60 70 80 90 
E/kcal mol -I  22.7 22.6 22.6 22.7 22.7 22.8 

Consequently, the energy plateau exists for the s-cis 
orientations of the vinyloxy group and the heterocycle in 
ethers 1--3, 5, and 6. This plateau corresponds to large- 
amplitude vibrations of  the hetaryl substituent relative to 
the plane orthogonal to the vinyloxy group. 

Therefore, according to the results of AMI calcula- 
tions and to the IR spectral data, the rotational isomer- 
ism is realized for vinyl ethers of  pyridines and quino- 
lines. According to calculations, the s-cis conformer is 
energetically favorable. For compound 3, the energies of 
the s-cis and nonplanar  s-trans conformers are virtuaily 
identical (see Table 2). 

The AM I calculations of  vinyl ether (9) revealed two 
energy minima corresponding to the s-cis and s-trans 
conformers, which have torsion angles ~ and r similar to 
those found in hetaryl vinyl ethers 1--3, 5, and 6. The 
AM I method predicted that the s-cis conformation is 
energetically more favorable (by -0.4 kcal mol - l ;  see 
Table 2). This is inconsistent with the results of  ab initio 
calculations with the D95++(d,p)  basis set, which dem- 
onstrate that the s-trans conformer is -0.7 kcal tool -~ 
energetically more favorable (the calculations were carried 
out by A. V. Vashchenko at the Osaka University (Japan) 
with the use of the GAUSSIAN-94  program). The exist- 
ence of hetaryl vinyl ethers 1--3, 5, and 6 predominantly 
in the nonplanar s-trans co,fformation is confirmed by the 
abundant data of  N M R spectroscopy.l-5 In the 1R spec- 
tra, the low intensity component of the doublet of the 

C=C absortion band of the vinyl group corresponds to the 
s-cis conformer. The above-mentioned facts suggest that 
the relative energies of the s-cis and s- tram conformers of 
compounds I - -3 ,  5, and 6 are inadequately estimated by 
the AMI method. 

For 5-vinyloxypyridine (8), the  ratio of the intensi- 
ties of the components of  the doublet  in the v(C=C) 
region (see Fig. 1) differs from that observed in com- 
pounds 1--7 and 9. As the tempera ture  of  a thin layer 
decreases, the intensity of  the band at 1622 cm -I in- 
creases and the intensity of  the  band at 1643 cm -j  
decreases, ke., the temperature dependences o f  the in- 
tensities of the low-frequency and high-frequency C=C 
stretching vibration bands of  the vinyl group in the case 
of  5-vinyloxyacridine (8) are in direct opposit ion to 
those observed for the other  ethers under study (1--7  
and 9). This indicates that the s-cis  form is energetically 
favorable for molecule 8. 

5-Vinyloxyacridine (8) is character ized by the pres- 
ence of additional steric hindrances that occur in the 
case of the s-trans conformation 
(structure E). As a consequence,  
the AM I method detects an in-  
crease in the torsion angle W from 
30--35 ~ to 60 ~ in going f rom 
hetaryl vinyl ethers 1--3, 5, and 6 
to vinyloxyacridine 8. The s-trans 
conformation of  molecule 8 is en -  
ergetically less favorable due to 
the disruption of the p- -~  conju-  

o< 

gation caused by an increase in the  torsion angle W- At 
the same time, the p- -n  conjugat ion with the hetero- 
cycle in the s-cis conformation of  all the above-men-  
tioned ethers is disrupted similarly. Therefore, the sta- 
bility of the s-trans structure of  5-vinyloxyacridine (8) 
relative to its s-cis conformer should decrease due to 
which a predominance of  the s-cis  form of  the ether 
under consideration is quite possible. It should be noted 
that the decrease in the relative stability of the s-trans 
conformer of compound 8 is no t  reproduced by the 
AM I method (see Table 2). 

Therefore, studies of the IR spect ra  of  aryl vinyl and 
hetaryl vinyl ethers, the quantum-chemica l  calculations, 
and the available data on the spatial  structures of  alkyl 
vinyl ethers and vinyl ethers containing the second 
unsaturated substituent lz,14 indicate  that the rotational 
isomerism is typical of  all vinyl  ethers of  the type 
R - - O - - C H = C H  2 regardless of  t h e  nature of  the sub- 
stituent R. The specificity of the substituent determines 
the quantitative ratio of the conformers  and their  indi- 
vidual structures. 
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