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Summary 

Polarizations, polarization ranges and ratios of polarization ranges for vinylene 
groups in seven series, namely chalcone derivatives, ferrocene analogues of chalcone, 
stilbene derivatives, ferrocene analogues of stilbene, and styrene derivatives, were 
studied. The polarization ranges spanning the intervals between 13C NMR chemical 
shifts of the derivatives substituted by p-NO, and p-NM% groups are compared in 
these related compounds. The influence of the side-chain groups in the vinylene 
moiety and of the sign of the polarization on the substituent-effect are discussed. 

Introduction 

A number of compounds containing a vinylene group were recently studied by 
the 13C NMR technique [l-5]. In these compounds, namely chalcone derivatives, 
ferrocene analogues of chalcone, stilbene derivatives, ferrocene analogues of stilbene 
and styrene derivatives, the effect of the substituents has been studied (Fig. 1). Much 
information was collected and this gives a good opportunity to study and compare 

the polarization of the vinylene groups and the polarization ranges of the carbon 
atoms in the vinylene groups as well as the factors influencing these properties. 

Discussion 

Chemical shift values, listed in refs. 1-5, of substituted derivatives of the seven 
related series are used to study the properties of the vinylene groups. We plotted the 
S values of the carbon atoms, C, * and C,, in the vinylene groups of these 
substituted compounds against the Hammett constants of the substituents [6]. The 
chemical shift values and the Hammett constants are found to correlate well. The 
6(a) line equations for C, and C, atoms are calculated and listed in Table 1 together 

* In these series the carbon atom of the vinylene group which is near to the X substituents is marked by a 

(see Fig. 1). 

0022-328X/85/$03.30 0 1985 Elsevier Sequoia S.A. 
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Series I 

c3 
X 

CH>=CH- 

/3 cf 

Phenylethylene (Styrene X = H ) 

Series II I-Ferrocenyl-2mphenylethylene (X = H) 

l&Diphenyiethylene (Stllbene X = H) 

Series IY 

(=JCO-7=T~x 
1,3-Diaryl-Z- propene-l-one (Chalcone 

Series Yt 

Series III 

SeriesP 

I-Ferrocenyi-3-aryl-2-propene-l-one 

(X=H) 

X=H) SerlesZII 

cn=0-co 

1,3-Dioryl-1-propene-3-one (Chalcone X = H) 1-Ferrocenyl-3-oryt-I-propene-3-one 

(X = H) 

Fig. 1. Schematic representations of chalcone derivatives, ferrocene analogues of chalcone. stilbene 

derivatives, ferrocene analogues of stilbane and styrene derivatives. 

with the correlation coefficients of the 6(a) lines. The theoretical * chemical shift 
values of the C, and CD atoms (a,,) for two compounds substituted by p-NO> and 
p-NMe, groups in each series are also calculated utilizing the equations mentioned 

TABLE 1 

EQUATIONS OF S(o) LINES AND CORRELATION COEFFICIENTS IN SERIES I-VII 

Series Equation of C, ” 

(ppm) 

Correlation 

coefficient 

for (n) points 

Equation of Cfl 

(ppm) 

Correlation 

coefficient 

for(n) points 

I S = - l.OOa + 136.17 0.84 (13) 6 = 5.640 + 113.05 0.99 (14) 
II ii = - 1.390 + 127.95 0.89 (15) S = 5.45~ + 128.56 0.99 (14) 
III 6 = - 2.340 + 125.29 0.96 (11) 6 = 7.360 f 126.55 0.99 (12) 
IV S = - 2.700 + 143.87 0.94 (14) S = 5.240 + 121.33 0.99 (14) 
V S = - 2.570 + 140.08 0.93 (13) 6 = 5.080 + 122.41 0.99 (13) 
VI 6 = - 1.020 + 121.62 0.91 (12) S = 2.870 + 144.59 0.99 (13) 
VII 6 = -1.630 +118.98 0.90 (13) 6 = 3.630 + 146.64 0.99 (13) 

” The equations were calculated by the least squares method 

* The calculation of these theoretical S values is necessary because the 6 values of the derivatives 

substituted by p-NMe, or p-NO, are not available for the measured 6 sets of some series. refs. 1 and 2. 
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Fig. 2. The 6(o) lines of C, and CO atoms in vinylene groups of Series V (b) and Series VII (a) 

above. The intercept values of 6(a) lines for the C, and Cfi atoms, i.e. the theoretical 
6 values of the carbon atoms in the vinylene groups of the basic compounds. X = H, 
are also shown in Table 2. The p-NO,, and the p-NMe, groups are the strongest 
electron-withdrawing and electron-donating substituents; their u values are 0.78 and 
- 0.83 respectively [6]. The polarization values of the vinylene groups given by these 
theoretical a,,, values and the polarization ranges given by the difference between the 
6 th values of the C, and CP atoms are compared in these series. The polarization 
values of the vinylene groups for the basic compounds and two substituted deriva- 
tives (X =p-NO, and X =p-NMe,) of each series, 

p = 4h(Ca> -4&J 

are listed in Table 2. The polarization ranges, PR, are given by: 

PR(C,) = 4, [C,(P-NMe,)] - 4, [CA P-NO,)] and 

PR(C~)=8,,,[C~(p-NO~)] -&[CD(p-NMeZ)]. 

and also the ratios of the polarization ranges [ PR(Cp)/PR(C,)] are shown in Table 
2. 

The polarization ranges of C,, and Cp atoms clearly demonstrate that the effect of 
the substituents is manifested on the C, atom of the vinylene group, that is, the 
polarization range of CD atom is larger in every case than the polarization range of 
the C,, atom. It is obvious that the signs of the polarization ranges of the C, and Co 

atoms are opposite. In Figs. 2a and 2b the S(a) lines of C, and CD atoms in Series V 
and VII are shown as an example. The polarization values of the vinylene groups for 
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b) 

P(X=H) 

PRQ 1 

I , I I I I 

-60 -60 -40 -20 0 20 40 60 60 a(xr62) 

X = H, p-NO,, p-NMe, and the polarization ranges of the C, and CD atoms are 
also marked in this Figure. 

From the data of Table 2 and Fig. 2 it can be seen that the polarization ranges of 
the C, and CP atoms depend on (a) the distance between the X substituents and the 
vinylene group (b) the character of the groups between the X substituents and the 
vinylene group and (c) the side-chain group of the CP atom, i.e., the groups which 
are directly bonded to the C, atom *. 

The importance of the distance between the vinylene group and the substituents, 
(a) above, is well demonstrated by the polarization ranges of the C, and Cp atoms in 
the fifth and the seventh series. They are 4.13 and 2.62, and 8.17 and 5.83 ppm 
respectively (see Table 2). Because of the carbonyl group between the vinylene, and 
the phenyl groups, the vinylene group is further from the X substituents in the 
seventh series than it is in the fifth series. Therefore the potential ranges of C, and 
Cp atoms are smaller in the seventh series (see columns 3 and 5 or Table 2). The 
potential ranges of C, and CD atoms in the second and the third series are 2.24 and 

* A study of the slight stereo electronic effects in these compounds is in progress [7]. 
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3.76, and 8.76 and 11.83 ppm respectively. The differences between the potential 
ranges show the different character of the phenyl and the ferrocenyl groups which 
are the side-chain groups of the CLj atoms in these series. The influence of the 
side-chain group of the Co atom depends on the polarization sign in the vinylene 
group, details to follow. 

The polarization of the vinylene groups and the intercept values of the S(C,, C,<)/a 
lines in the basic compounds are also listed in Table 2. It can be seen that the 
polarizations with a minus sign are increased by the electron-withdrawing sub- 
stituents. The polarization is marked with a minus sign for those series in which the 
electron density is shifted to the C, atom of the vinylene group in the basic 
compound. The minus polarizations, however, are decreased by the electron-donat- 

ing substituents. For example. in series VII the polarization of the vinylene is 
increased to 31.75 ppm by the p-NO, substituent and decreased to 23.3 ppm by the 
p-NMe, substituent. In the basic compound of this series the polarization is - 27.08 
ppm. It follows that the polarization with the positive sign is increased by the 
electron-donating substituents, while the electron-withdrawing substituents decrease 
this kind of polarization for the vinylene groups. see the first. fourth and fifth series 

in Table 2. 
It was already mentioned that the influence of the side-chain group of the C,r 

atom depends on the positive or negative polarization sign in the vinylene group of 
the basic compound. In the pairs II/III and VI/VII the ferrocenyl moiety. as the 
side-chain group, increases the polarization ranges of the C, and C,] atoms related to 
the phenyl group. The ferrocenyl moiety, however, decreases the polarization ranges 
in pair IV/V by modifying the effect of the carbonyl on the vinylene group. Details 

of the interaction between the ferrocenyl and the carbonyl groups is presented in ref. 
8. 

It can be concluded that the substituent effect on the vinylene group depends 

significantly on the polarization of the vinylene group in the basic compound, on the 
sign of the polarization and the side-chain groups of the C,9 atom. 
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