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Abstrnd-The effxt of substituent variation in compounds of the general type R(CH=CH),CHO 
(1) or pRCJ4, (CH==CH).CHO (2) on the stretching vibrations of the CHO group (Y&, the dipole 
moments (~4). the long wave maxima (A,,,&, and the halfivave potentials (E,d for the polarographic 
reduction of the CHO group have been studied as well as the influence of variation of substitucnt R 
on the rate constants (k) of the alkaline hydrolysis of polyenic esters R(CH=CH).COOEt (3). A 
linear relationship between the Q+. 5 or 0,’ values and the experimental values of yco. p. A,. E,n 
and k has been established, which in&cates the importance of the mesomeric mechanism of the tmns- 
mission of electronic effects through the chain of conjugated double bonds in compounds 1, 2 and 3. 

Transmission coefficients (T’) for one (&), two (&). three (4, and four (&) double bonds were 
calculated, and it was found that these values are bound together by the ratio: (&) : (&) : (lr;,): (T;) = 
(&) : (r3: (T&)? (?T&)*, i.e. the influence of substituents R is decreased in a geometrical progression 
when the number of double bonds increases. The distribution of the electronic density in 1 was cal- 
culated by the LCAO SCF method in the Pariser-Parr-Pople approximation, and it was found that the 
*-electronic density values at the 0 atoms of the CHO group correlates well with $ constants and 

the calculated values of &, &. and ?rj, are bound together by the above ratio. 

The quantitative estimation of the transmission of 
electronic effects through a system of conjugated 
double bonds and the investigation of the nature 
of the transmission process are of great theoretical 
importance and attract the attention of many 
chemists. A general approach to this problem may 
be based on the application of the Hammett equa- 
tion to the series R-X and R-(CH=CH),-X, 
where R is a variable substituent and X is a reaction 
centre. The determination of the reaction constants 
p for both series provides a means of calculating 
the transmission coedcients (m’) as the ratio p,Jp& 
where p. is the reaction constant of the series R-X 
and pn is the reaction constant of the series 
R-(CH==CH),-X. 7~’ Characterizes the effec- 
tiveness of transmission of electronic effects across 
the bridge -(CH=CH),-. This approach was 
found very fruitful for certain unsaturated and 
aromatic series in the estimation of the 78 values 
for one double bond (& = O-50 + 0*02), a phenyl- 
ene group (IT&,,_ = O-27 kO.03) and a styrylene 
group (nl-OHwH_cH- = 0*24?0*05) by the car- 

relation analysis of kinetic or equilibrium data of 
such systems.’ Recently* we carried out a cor- 
relation analysis of the values of relative intensities 
of the common benzoyl ion in the mass spectra 
of chaIcones and their vinylogues of the general 
type pRC&I,(CH=CH),COPh and calculated 
the T’ values for one, two, and three double bonds 

(4, = 0.72, T& = O-25, and T;~ = 0.11). However, 
as it was established later,g these compounds are 
not planar and therefore the results obtained may 
be not valid for other series. 

In the present work we have systematically 
studied the substituent effects on the CO stretching 
frequencies (vco), on the dipole moments (p). the 
long wave maxima (Amar), the halfwave potentials 
(E& of polyenales R(CH=CH).CHO (1) and 
p-RCJ-I,(CH=CH),CHO (2) and on the rate 
constants (k) of the alkaline hydrolysis of polyenic 
esters R(CH==CH),COOEt (3) with a view to 
elucidating the question of electronic effect trans- 
mission through the chain of conjugated double 
bonds in planar compounds.’ In addition, calcula- 
tion of the distribution of *electronic density in 
some compounds (1) were carried out using the 
SCF method in the Pariser-Parr-Pople approxima- 
tion. 

IR specrro of 1 and 2. Compounds 1 and 2 were 
prepare.d6+ and were purified prior to measure- 
ment by repeated crystallization from an appropri- 
ate solvent or by repeated distillation. Polyenales 
1 and 2 possess the truns configuration at the 
double bondss-” and are planar.’ 

IR spectra of 1 and 2 were recorded in CHC& 
on an UR-20 spectrometer. The calibration was 
made with the use of polystyrene (the sharp, strong 
peak at 1604 cm-‘) immediately after the spectrum 
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of each compound. The frequencies registered are 
accurate to + 1 cm-r. 

Q,-, of 1 and 2 are given in Table 1. 
As can be seen from the data of Table 1, the 

accumulation of double bonds in compounds 1 and 
2 leads to a lowering of the yco values. However, 
the yco values of 1 (R = Me*N, n = 3,4) are con- 
siderably larger than those of the foregoing mem- 
bers of the series. As a result the yco values of all 
series become close to each other. For instance, 
the difference between the yco values of 1 (R = 
COOEt, CN, and Me,N, n = 4) is no more than 
3 cm-i, and that between the uco values of 2 (R = H, 
Br, MeO, and NOJ is 2-5 cm-i. The convergence 
of the yco values indicates that the sensitivity of 
the stretching vibrations to the influence of sub- 
stituents R (electron-donating or electron-with- 
drawing) decreases with the extention of the 
conjugated chain. The decrease and the con- 
vergence of the vco values were observed earlier 
in the case of compounds 3,* and the IR spectra of 
1 (R = Me2N) have been discussed.B 

rather poor the existence of such correlation 
demonstrates that the transmission of electronic 
effects through the chain of conjugated double 
bonds in the ground state of molecules of 1 and 2 
can probably the accounted for almost entirely 
on the basis of an mesomeric effect mechanism. 

With a view to estimate more exactly the contri- 
bution of the inductive and mesomeric effects we 
have used for the correlation analysis of the yco 
values the multiparameteric equation: vEo = yFo + 
pru, +p!$$++~,a,a~ (see ref 1) and found the 
following expressions for 1 and 2: n = 0, vgo = 
1743 - 1182 o, + 329.1 o: - 795.8 ~+~(r$ (r = 0984); 
n = 1, vEo = 1690- 1105 u,+ 101.2 u:+ 145.3 u,$ 
(r = O-91 1); n = 2, us0 = 1674 + IO.22 u, -36.76 
@+ 362.9 u,ug(r = O-954); n = 3. e. = 1677 + 14-l 
u1 + 8-74 d (r = 0.8%) (in the last case the cal- 
culation was carried out without a cross-member). 

The comparison of the absolute values of pr and 
& indicates a considerably contribution of the 
mesomeric effect in the case of 1 and 2 (n = 2). In 
the case of 1 and 2 (n = 0,I) the absolute values of 

Table 1. vco in cm-’ (CHCI& of 1 and 2 

I II 

n Me COOEt CN Me,N H Cl Br Me0 NO, NMe, 

0 1715 1712 1675 1702 i708 I707 I687 1712 1668 
1 1690 1702 1703 1615 1677 1678 1678 1678 1685 1655 
2 1680 1689 1692 1584 1675 1670 1670 I675 1680 
3 1678 1682 1687 1640 1675 
4 1681 1678 1681 

The correlation analysis of the data obtained 
using the equation yco = pu: (1) ($ = do- ul; < 
characterizes the summary mesomeric and w 
inductive effects of substituents RIO) revealed a 
rather poor linear relationship between the vco 
values of polyenals 1 and 2 and uz constants of 
substituents R. Parameters of the correlation 
equation (1) are shown in Table 2. 

Though the correlation between wco and a: is 

Table 2. Parameters of the 
correlation equation (1) 

n P Id S’ 

0 I58 0.835 IO.5 
I 110 0.865 8.7 
2 78 0.907 4.5 
3 46 0.837 7.1 

OLeast square and statis- 
tical treatment of the data 
were carried out in accor- 
dance with Ref I. bcorre- 
lation coefficient. YQandard 
deviation. 

p.E which shows that here the inductive effect is 
stgnificant. It should be noted that in all cases the 
values of non-additive interactions are large. 

Dipole moments of 1. Dipole moments of 1 
were measured in benzene at 259” The dipole 
moments measured are accurate to *O-O5 D. The 
data obtained are listed in Table 3. 

In the only work” in which dipole moments of 1 
(R = Me,N,n = O-4) were measured, it was con- 
cluded (based on data obtained) that the influence 
of each terminal substituent is extended to no more 
than three double bonds. 

As it can be seen from our data (Table 3) dipole 
moments of compounds 1 (R = Me, Ph, Me,N) 
increase with the extension of a polyenic chain. 
However, CL of compounds 1 (R = COOEt) 
change irregularly. This may be accounted for by 
the equilibrium between S-cis and S-rrans con- 
formation of 1 (R = COOEt) which may change 
depending on the number n. 

Quantum-chemical calculation (the SCF 
method, PPP approximation) of both conformations 
revealed that S-cis conformation is energetically 
more preferable than S-fruns conformation. In the 
case of 1 (R = COOEt, n = 2) the difference in free 





2056 L. A. YANOVSUYA et al. 

Table 5. Long wave maxima in nm (alcohol) of I and 2 

n 1 2 

Me CDOEt CN Me,Na Hb Cl Br Me0 Me,N NO* 

0 247 258 264 277 339 263 
1 218 208 204 286 288 299 302 323 289 303 
2 274 268 263 366 330 329 333 353 333 
3 317 309 305 425 361 382’ 
4 351 341 336 466 403= 

“In CHCll (data for solutions in CHtC13.1e DData for solutions in CH&I,.” CData.l* 

56-60 nm while the diierence between L- of 
1 (n = 4, R = Me, COOEt, CN, Ph) and those of 
compounds 1 (n = 3, R = Me, COOEt, CN, Ph) is 
only 3 1-34 nm. The same trend was noted pre- 
viously in the case of compounds 3.1sThe observed 
bathochromic shifts seem to be caused mainly by 
the extension of the conjugated chain of double 
bonds but not by the influence of substituents R. 

The addition of each double bond in the mole- 
cules of 1 (R = M%N) or 2 (R = MqN) leads to 
much larger bathochromic shifts than those in the 
above case, though these shifts also decrease as 
the polyenic chain extends. For example, the 
increment for one double bond when n in com- 
pounds 1 (R = MqN) is changed from 1 to 2 is 
78 nm, while it is only 41 nm as n is changed from 
3 to 4. The peculiar spectral behaviour of poly- 
enales 1 (R = MqN) may be accounted for by the 
extention of the conjugation on account of the 
dimethylamino group. 

Correlation analysis of the data obtained 
(Table 5) was tied out using the equation 
1 Ibmx = pa (3) and the best results were obtained 
with u; constants of substituents R( $ = u+ - ul. 
cr; characterizes the summary r-inductive effect, 
mesomeric effect, and the effect of the direct polar 
conjugation). I5 The correlation with u: indicates 
that the transmission of electronic effects through 
the conjugated double bonds in the case of the 
lower electronically excited states of compounds 1 
and 2 is brought about mainly by the mesomeric 
mechanism. 

Correlation parameters of the equation (3) are 
presented in Table 6. 

Polurogruphic reduction of 1 and 2. Polam- 
graphic curves were recurded with a pen-recording 

Table 6. Correlation parameters of the 
equation (3) 

m p. IO” r s . l@ 

1 67-7 0.995 7.9 
2 52.0 o-984 10.4 
3 46-6 0.991 8.5 
4 42.1 O-971 II.5 

polarograph EPR-315 (USSR). At working height 
of the mercury reservoir (40 cm) the capillary 
with a beak*O had m = l-1 mdsec and t = O-36 sec. 
An external saturated calomel electrode served 
as a reference electrode. The measurements were 
made with O-1 mmolell solutions of compounds 1 
or 2 in 0.05 M buffer of pH 2 (HCI-KCI) in 50% 
dimethylformamide at 25 kO.2”. Under these 
conditions all polyenales 1 and 2 form one rever- 
sible diffusion wave corresponding to one-electron 
process2’ according to the following scheme: 

R(CH==CH).CHO + e + H+ * 

R(CH=CH)&HOH + [R(CH=CH).CH(OH)I, 

Halfwave potentials (El,s) of polyenales 1 and 2 
are given in Table 7. 

Table 7. E,,, of 1 and 2in mV against SCE 

R n 0 1 2 3 4 

Compounds 1 
Me 1060 771 598 472 
COOEt 388 473 455 400 
CN 482 518 401 220 
MQN (I 1013 791 646 

Compounds 2 
H 1007 725 507 400 
Cl 628 448 
Br g 616 450 
Me0 1068 744 544 
M%N la80 n2 

Won reducible. 

As can be seen from Table 7, the introduction of 
electron-accepting or electronegative substituents 
facilitates the reduction of 1 and 2 at the dropping 
mercury electrode, while the introduction of 
electron-donating substituents impedes the 
reduction process. 

A linear relationship was found between the 
El,* values and cr: constants of substituents R, 
though this correlation is rather poor. Correlation 
parameters of the equation El,* = p&(4) are shown 
in Table 8. 
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Table 8. Correlation parameters 
of the equation (4) 

n P(mW r S 

0 853 0945 29.4 
1 765 0.883 32.3 
2 620 0.950 19.2 

With a view to separate the inductive and mese 
merit effects we used the multiparameter equation: 
EF,2 = EF,* + ppI + p$u: + h,g.rpe+ (5). The results 
of statistical treatment of the equation (5) are 
presented in Table 9. 

Comparison of the absolute values of pI and p: 
shows that in the case of compounds 1 and 2, 
n = 1 the inductive effect is of great importance, 

Table 9. Parameters of the equation (5) 

Pr P: hc El,*, mV Eljz. mV 
n mV mV mV r S CdC. exp. 

I -1125.7 66.5 ,I21275 0.876 168.8 900.1 914 
2 -253.7 -701-l 4045.2 0986 51.7 490.2 
3 -198.5 -664.3 4220.2 0985 32.4 3tiR.7 
4 -310.1 -119.3 = 0.957 62.8 455.5 

mis calculation was carried out without cross-member. 

Table 10. Inductive (I), mesomeric (M), direct polar conjugation (C) and non- 
additive (I,Cl interaction contributions of free energy (AAG), kcal/mole 

Compounds 1 

n Contribution Me COOEt CN Me,N Ph 

I I -1-31 890 14.7 262 
M I.18 -31.45 -34.86 -12.56 
C -0.24 0.00 O-38 0.13 
I,C 0.37 1.35 I .58 0.79 

I 
M 
C 
I,C 

I 

CM 
I,C 

I 
M 
C 
LC 

-0.29 2.01 3.30 0.59 0.59 
-090 -15% - 16.65 24.43 -6.30 
-O-Q4 OWJ 0.05 -0.37 0.02 

1.23 4.55 5.30 - 17.0 -264 

-0.23 1.58 2.60 O-46 046 

-O*Ol -0.05 - 10.78 0.00 -1444 0.07 -094 23.74 -3.96 0.02 
1.29 4.75 5.55 -17.18 2.77 

-0.36 2.43 4.08 0.72 
O-54 -4.70 - 12.30 8.28 

-0-18 OW 0.27 -3.50 
O*OO -2.27 -7.95 5.50 

Curnpounds 2 

n Contribution CI Br Me0 NO, Me,N 

I 5.24 
-17.69 

-1s.: . 7.33 1.17 
-22.61 - IO.86 

C -0.25 -0.19 -064 O-25 -2.20 
LC -090 -0.73 -I*41 0.53 --I-OI 

2 I o-59 I.18 1.18 0.65 
: -7.66 -8-79 -299 -14.09 

-o+i -0.03 -oXi9 O-04 
1-C -3.03 -246 -4.73 I *a0 
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while in the case of 1 and 2, n = 2.3 the mesomeric 
effect is prelevant. It should be mentioned that the 
non-additive members of the equation (5) attain 
considerable values which often exceed the 
summary values of inductive and mesomeric effect 
and that of the direct polar conjugation. These non- 
additive interactions increase when the polyenic 
chain extends. 

In accordance with the literature,21 we pre- 
sented the free energy (AAG) of the polarographic 
reduction as a sum of contributions of inductive 
(I), mesomeric (M), direct polar conjugation (C), 
and non-additive (I$) interactions: AAL = 
- 2/303 RTAE,,, = 1+ M + C + I,C and calculated 
these contributions by the methods given.z’*” 
The results obtained are given in Table 10. 

Analysis of the data obtained (Table 10) revealed 
that the contribution of mesomeric interaction in 
most cases exceeds that of the inductive interaction 
though the latter plays a great part in the case of 
compounds with one double bond. The contribu- 
tion of the direct polar conjugation interaction is 
small for all compounds 1 and 2. 

Alkaline hydrolysis of 3. Alkaline hydrolysis of 

esters 3 was carried out in 60% dioxane under 
nitrogen at equal initial concentration 0425 M of 
alkali (KOH or NaOH) and esters 3 in a thermostat 
(kO.29. Hydrolysis was followed by back titration 
of samples withdrawn at suitable time intervals 
from the reaction mixture and poured into an 
excess of 0.1 N HCl. Rate constants were cal- 
cuIated according to the usual equation of the 
second order reaction with an accuracy l-2%. 
Activation parameters were found by the usual 
procedures3 Kinetic and thermodynamic para- 
meters of alkaline hydrolisis of esters 3 are given 
in Table 11. 

The investigated series 3 has an isoenthropic 
character which was confirmed using the ordinary 
procedure.W*25 Since the isokinetic temperature 
(395 f 209 of the alkaline hydrolysis of esters 3 
considerably exceeds the experimental tempera- 
ture (7-624, the kinetic data may be subjected to 
correlation analysis. Parameters of the equation 
lg k = pa (5) are presented in Table 12. 

The best correlation is achieved when o+, on 
or o,’ constants are applied (Table 12). This 
implies that the mesomeric mechanism plays the 

Table 11. Kinetic and thermodynamic parameters of 
alkaline hydrolysis of esters 3 

n R Lgk AE# AS# 
(298%) kcal/mole” cub 

0 Ph -2.33 12.4 -29.9 
P-CGH, -1.88 12.8 -26.6 
P-BGH, -1.79 12.4 -27.4 
p-W’JGH, -0.65 10.0 -30.4 
pMeOC& -3.02 14.6 -25.7 

I Me -244 13.0 -28.4 
OEt -3.32 14.8 -26.0 
Ph -2.17 13.4 -25.8 

P-CGH, -194 13.4 -24.7 

P-BGH, -2.03 13.8 -23.8 

NWGH, -1.27 14.0 -19.6 

PMeOGH, -264 14.2 -25.4 

pMeJ%H. -3.22 I4.4 -27.2 

2 Me -260 13.6 -27.2 
OEt -3.10 12.8 -32-O 
Ph -2.35 13.6 -26.0 

pCGH, -2.23 13.2 -26.6 

PBGHI -2.31 13.8 -29.2 

P-W’JGH, -1.83 13.0 -25.6 

pMeOCJ& -2.61 13.6 -27.0 

P-M~zNCIH, -3.00 14.2 -27.0 

3 Me 
Ph 
p-CIC,H, 

P-B~~HI 
pM&CsH, 

-264l 13.6 -27.2 
-246 13.2 -27.7 
-2.43 13.6 -26.4 
-2.42 13.6 -26.4 
-2+Ll 13.6 -27.3 

“CO.5 kcal/mole. bl I eu. 
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Table 12. Parameters of the correlation equation5 

n=l n=2 n=2 n=4 

IT P r S p r S p r S p r S 

UP 5.3 0.990 0.13 2.90 0940 0.19 160 o+cKJ 0.20 0.77 0980 OGI 

VI IO.9 0.930 0.36 4.80 0.800 0.32 2.70 0.820 0.09 I.13 O+XMl 0.07 

u+ 3.2 0.895 0.13 1.75 0+90 0.12 1.13 0.985 O-07 048 O-925 0.03 

fJca 7.3 0.970 0.21 3.45 0.%5 0.18 2.20 0.990 0.06 

cro 5.6 0920 0.27 3.50 0925 0.17 2.00 O+CKJ 0.09 0.77 0900 0.07 

u,f 4.4 0.990 0.11 1.83 0.%5 0.10 l-10 O%U 0.13 

“u= = (T~-u,, this constant characterizes I, M and C effects. za 

chief part in the transmission of substituent effects 
of compounds 3 in the excited reactive state. 

We estimated also the contributions of 1, M 
and C interactions in the free energy (AAG) of 
the alkaline hydrolysis of esters 3.21ez The results 
obtained are shown in Table 13. 

The results (Table 13) are in agreement with the 
above conclusion concerning the prevalence of the 

Table 13. I, M. and C interaction contributions of AAG, 
kcallmole 

n R in 3 I M C 

0 Ph -0.57 0.57 -0.13 
NIGH4 -1.13 0.78 -0.34 
pBGH, -1.13 0.68 -0.35 
P-WJGH, -1.58 0.60 -1.27 
pMeOCBH, -0.63 0.64 0.53 

I Me 0.13 0.13 -0.35 
OEt -0.70 O.% 0.80 
Ph -0.26 0.26 -0.42 
P-ClGH, -0.52 0.31 -0.51 
P-BGH. -0.52 0.32 -0.35 
P-WJGH, -0.73 0.14 -0.98 
pMeOC$H, -0.29 0.41 0.05 
pMe,NC&b -0.12 0.26 0.75 

2 Me 0.07 -0.02 -0.11 
Et0 -0.38 0.51 0.55 
Ph -0.14 0.14 -0.25 
L’-CGHI -0.28 0.17 -0.32 
0rGH. -0.28 0.16 -0.21 
NX’GH, -040 0.05 -0.55 
pMeC%H, -0.15 0.21 -0~07 
pMeJGH, -0.03 0.23 0.33 

3 Me 0.03 0.03 0.05 
Ph -0.06 0.06 -0.08 
p-Cl&H1 -0.12 0.07 -0.07 
P-BGH, -0.12 0.07 -0.08 
p-MeOCIHI -0.07 O-09 0.13 

mesomeric mechanism in the transmission of sub- 
stituent effects. In all cases with the exception of 
series 3 (n = 0) the summary contribution of the 
M and C interaction exceeds that of 1 interaction 
and only in the case of esters 3 (n = 0) the contri- 
bution of 1 interaction is almost equal or even more 
than that of the M and C contributions. 

Quantum chemical cufclrZu?ion of 1. The SCF 
method in the PPP approximation was applied to 
the calculation of electronic density in the 
molecules of polyenales 1. These calculations were 
carried out using the program*’ and details will be 
published eIsewhere. n-electronic densities (qO) at 
atoms of polyenales 1 are given in Table 14. 

Thus (Table 14), the highest 7relectronic density 
is concentrated at the 0 atom of the aIdehyde group 
with the exception of polyenals 1 (R = COOEt), 
where the highest electronic density localizes at 
the 0 atom of the CO group of the ester function. 

q0 at the 0 atom of the aldehyde group decreases 
in polyenais 1 (R = Me, or Me,N) and increases 
on polyenals 1 (R = CN, or COOEt) with the 
accumulation of double bonds; in polyenals 1 
(R = Ph) and q, values at the 0 atoms remain 
practically constant, as a result the q0 values 
converge when n = 4. 

We carried out a correlation analysis of the q0 
values and found the best correlation between the 
q, values and ur constants of substituents R by the 
equation q, = PO+, (6) parameters of which are 
shown in Table 15. 

It should be mentioned that the alternation of the 
charges at the C atoms of the polyenic chain are 
not observed in the case of 1 (R = MQN, CN, and 
COOEt) (Table 14). For instance, the alternation 
does not take place on the C atoms 5-6 (1, R = 
MgN, n = 2), 5-6-7-8 (1, R = MqN, n = 3), and 
5-6-7, 9-10 (1, R = Me,N, n = 4): all these atoms 
are negatively charged. Analogously, the altema- 
tion is not observed at the atoms Z-3-4-5-6 (n = 2), 
2-3-4 (n = I), 4-5-6-7 (n = 3), 6-7-8-9 (n = 4) of 
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Table 14. Ir-Electronic densities (qO) at atoms of polyenates 

H,C-CH=CH-CH=CH-CH=CHXH=CH-CH=0 
11 10 9 8 7 6 5 4 3 2 1 

Atom 90 

1 -0.330 -0.327 -0.326 -0.326 -0.326 
2 o-290 o-283 0.282 0.282 0.282 
3 -0.015 -0.012 -0.010 -0~010 
4 0.045 0.041 oG40 0.039 
5 -0.017 -00l9 -0~007 
6 0.019 0.015 0.014 
7 -0~ots -0.007 
8 0.011 o-008 
9 -0-014 
to 0.008 
11 -0.113 -0~101 -0.098 -0.097 -0.0% 
H, 0.153 0.120 o-1 12 O*loB 0.107 

Ph-CH=CH-CH=CH-CH=GHXH=CHXH* 
10 9 8 7 6 5 4 3 2 1 

1 -0.324 -0.325 -0.325 -0.325 -0.325 
2 0.283 0.282 O-28 I 0.282 0.282 
3 -0.010 -0.009 -ow_@ -0.009 
4 o-039 oG$O OWO oG4o 
5 -0.007 -0*006 -0.005 
6 0.014 0.014 o-014 
7 -0@03 -0-003 
8 0+06 O-006 
9 -0xKl2 

to O-003 

MqN-CH=CH~H=GH-CH~H=CH-CHSH~ 
II 10 9 8 7 6 5 4 3 2 1 

t -0.355 -0.336 -0.330 -0.328 
2 O-27 I 0.280 0.281 0.282 
3 -0.145 -0.045 -0.023 -0.015 
4 0.008 0.047 0,045 0.043 
5 -0.145 -0Gl2 -0.020 
6 -0.113 --3%!3 -0.020 
7 -0,143 -o+$o 
8 -0.017 O-016 
9 -0.142 

IO -0-019 
tt o-22 t 0.210 0.206 0.204 

N-“~H=CH-CH=CH~N~H~H~H~H~ 
12 II 10 9 8 7 6 5 4 3 2 1 

t 
2 
3 
4 
5 
6 
7 
8 
9 

to 
II 
12 

-0.317 -0.32 t 
0.282 0.282 
o-02 t O*OOl 
0.028 0.035 

0.023 
0.001 

0.166 0.168 0.169 
-0.180 -0.188 -0.191 

-0.324 
0.281 

-oxlOs 
0.037 
ox!w 
OW9 
0.025 

-0.071 

-0.325 
o-281 

-0W7 
O-038 

-00l I 
0.01 I 
0.007 
0.001 
0.027 

-0~001 
0.169 

-0.192 
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Table 14. (conr.) 

011 
II 

EtO~~H=C~H_13H_CH=CItCH_rH_CH=O 
13 12 10 9 8 7 6 5 4 3 2 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0.3 14 
0,279 
o-041 
0.028 

0.298 
-0.376 

0.058 

(S-cis Conformer) (S-rrunsConfonner) 

-0.319 -0.323 -0.322 -0.205 -0.320 -0.322 -0.322 
0.280 0.280 0.280 0.293 0.280 o-280 0.280 
0.008 -0.002 -O&43 0.004 -0.003 -0.006 
0.032 0.037 0.382 o-035 0.037 0.038 
0.054 0.011 0.006 o-030 0.007 o.ocM 

-0.015 oM6 0.010 o*OuB 0.009 0.011 
0.058 0.014 0.032 0*003 

-0.032 -0.029 oml om1 
0.059 0.039 

-0.026 -0m4 

0.284 0.284 0.282 0.291 0.284 0.284 0.284 

-0.383 -0.386 -0.387 -0.352 -0.379 -0.38 1 -0.382 
0.058 0.058 0.057 0.003 0.058 0.058 0.058 

Table 15. Parameters of the 
equation (6) 

n P r S 

1 0.063 0.942 OaOJ6 
2 0.025 0.961 oaO12 
3 0.012 0.976 oaO5 
4 OX064 0.992 Oacml 

compounds 1 (R = CN), which are positively 
charged. The same picture is observed in 1 (R = 
COOEt). These results may be accounted for by 
the displacement of rr-electronic density due to the 
introduction of substituent in the molecule mainly 
within the bonds which are nearest to this 
substituent. 

DISCUSSION OF RESULTS 
The existence of a good linear relationship 

between the experimental values of yco, CL, A,,,, 
EL,* and k and the values of substituent constants 
o+, o$, or u: indicates the importance of the meso- 
merit mechanism of the transmission of electronic 
effects through the chain of conjugated bonds in 
compounds 1, 2, and 3 in the ground state as well 
as in the excited state of the molecule. This con- 
clusion is in accordance with other investigations 
on the transmission of electronic effects through 
double bond.“-= 

With a view to estimate the effectiveness of 
transmission of electronic effects across the system 
of conjugated double bonds in dependence on the 
number of double bonds we calculated the 7r’ 
values for one, two, three and four double bonds as 
a ratio P,,/P”-,. In Table 16 we presented the data 

obtained in our work and some values found in 
literature or calculated using literature data. 

A careful analysis of the r’ values in Table I6 
reveals a very interesting feature: the r’ values for 
one, two, three and four double bonds obtained by 
the correlation analysis of the same property (Ye, 
CL, A-.. El,*, or k) of different series are bound 
together by the ratio: (&) : (P;,) : (VT;& : (a;,)= 
(&) : (a;,)* : (a;,Y : (&)’ (7). This ratio implies 
that the substituent effects decrease in geometrical 
progression with an increasing of the number of 
double bonds. The only exception from this rule is 
the series ArCO(CH=CH),Ar; however the 
compounds of these series are non-planar.3 

The existence of the ratio (7) indicates also that 
transmission capability of the ethylene link at 
least in planar compounds does not depend on its 
position in the polyenic chain, and that the meso- 
meric effect as well as the inductive effect decrease 
rapidly and regularly with the extention of polyenic 
chain. These results are in accordance with the 
results obtained by Eaborn ef a138*3g in an excellent 
investigation on the transmission of electronic 
effects through a system of conjugated triple bonds. 
The authors measured the kinetic of cleavage of 
XC&IdC=C).GeEt, compounds by aqueous 
methanolic perchloric acid and carried out a cor- 
relation analysis of the data obtained. They found 
that the relative values of p&3 rapidly decrease 
with the increasing of the number of triple bonds; 
prrl = I (n = 0), O-66 (n = I), O-30 (n = 2). and O-18 
(n = 3), and that the balance of inductive and 
resonance effects remained fairly constant as n was 
varied from 1 to 2 to 3. As it can be seen from our 
data (TabIe 16) such balance is observed also in the 
case of polyenes. 
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Table 16. The ?r’ values of -(CH=CH),,- (n = I. 2. 3. 4) for certain polyenes 
containing a CO group 

n The series (n for standard Correlated 
and investigated series) value lr ’ Reference 

1 Ar(CH=CH),CHO (0, I) 
Ar(CH=CH),CHO (0, 1) 
Ar(CH=CH).CHO (0, 1) 
Ar(CH=CH)JJOOH (0, I) 
Ar(CH=CH)“COOH (0, I) 
Ar(CH=CH).COOEt (0, I) 
Ar(CH=CH).COOEt (0. I) 

R(CH=CH).CHO (0, I) 
R(CH=CH),CHO (0, I) 
R(CH=SH).CHO (0, I) 
R(CH=CH),CHO (0, I) 
R(CH=CH),,COOEt (0, I) 
R(CH=CH),COOEt (0, I) 

R(CH=CH).COOEt (I, 2) 

ArCO(CH=CH),,Ar (0.1) 
ArCO(CH=CH),,Ar (0, I) 
ArCO(CH=CH)ar (0,l) 
ArCO(CH=CH),,Ar (I. 2) 
Ar(CH=CH),COMe (0, I) 

2 Ar(CH=CH),CHO (0,2) 
Ar(CH=CH).CHO (0,2) 
R(CH=CH).CHO (0,2) 
R(CH=CH).CHO (0.2) 
R(CH=CH),,CHO (0,2) 
Ar(CH=CH),COOEt (0,2) 

R(CH=CH).COOEt (I, 3) 

R(CH=CH).COOEt (I, 3) 

ArCO(CH=CH),Ar (I, 3) 
ArCO(CH=CH),,Ar (I, 3) 

“CO 

A max 

E 112 
“CO 

PK. 

$&a*ine 
hydrolysis) 

“co 
cc 
90 
A max 

;IcPalkaline 
hydrolysis) 
“Co 

“Co 

d,Zoa 
A max 

k (isotope 
exchange) 

A nml 

Euz 
“co 

CI 

90 
k (alkaline 
hydrolysis) 
“co 

k (alkaline 
hydrolysis) 
A max 
ZIZ, 

0.74 29 
0.79 Our data 
0.85 our data 
0.58 34 
0.47 35 
o+d 30 
0.54 35 
0.56 Calculated 

with data from 
tef36 

0.67 Our data 
047 Our data 
0.47 Our data 
0.65 Our data 
064 30 
0.52 Our data 

066 Calculated with 
data from refs 
30,19 

0.75 7 
0.84 3 
O-72 2 
0.82 7 
0.50 37 

063 
0.73 
046 
068 
0.22 
0.33 

0.42 

O-28 

Our data 
Our data 
Our data 
Our data 
our data 
Calculated with 
data from ref 3 6 
Calculated with 
datafromref 19 
our data 

0.55 
0.25 

3 R(CH==CH).CHO (0,3) 
R(CH==CH),CHO (0,3) ;m 
R(CH=CH),CHO (1.4) AmaX 
R(CH=CH),CHO (I, 4) 
R(CH=CH).COOEt (0.3) pW 

R(CH=CH).COOEt (0,3) 

ArCO(CH=CH)ar (0.3) 

4 R(CH=CH).CHO (0,4) 
R(CH=CH),CHO (0.4) 

k (alkaline 
hydrolysis) 
z12,n 

P 
“co 

0.29 
0.56 
0.62 
0.10 
0.25 

O-13 

0.11 

0.43 
0.13 

Our data 
Ourdata 
our data 
Our data 
Calculated with 
data from ref 
19.30 
Our data 

2 
- 

Our data 
Calculated with 
data from refs 
19,30 

BZ/ZO is the relative intensity of benzoyl ion in mass-spectra of the series NuCO 
CCu = Cu/nC,NuR 
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Table 17. Calculated aad experimental values of Y,, (cm-‘) and E1,9 (V vs SCE) 
for certain polyenes 

2063 

Ph(CH=CH),CHO 

n %a1 E ,,* n %U, E lit 

Exp.” Calc. Exp.” Calc. Exp.” UC. Exp. ” Calc. 

0 40.7 1.36 
1 34.5 34:6 I.09 I.15 

4 25.6 234 0.70 0.69 
5 24.6 21.6 0.60 0.59 

2 30.9 30.5 0.89 0% 6 23.0 20-9 
3 28.0 25.2 0.77 O-83 

R(CH=CH).COOEt 

R n 1 2 3 4 

baa 

Exp.lB Calc. Exp.lB Calc. Exp.ls Calc. Exp.‘* Cab 

?lZOb 43.0 44.5 38.8 37.2 36.5 37-8 33.2 31.6 31.1 32.0 28.4 29.9 M-4 27.6 
COOEt= 47.6 37.9 40.5 33-o 34.2 29.9 29.5 
NO, 45.0 35.6 38.2 30.6 32.3 27.5 27.9 

n = 5: 27.4 (exp.). 22.4 (cab). 
n 2y27.4 (exp.), 25.0 (cak.). 

bv,,,, n = 5, 25.4 (exp.). 23.1 (cab). rv,,,pX, 

It is of interest that the above found values of 
p,,,, are in the following ratio: (066): (O-30)(0*18) = 
(066) : (O-HQ3: (0%)‘. Taking into account their 
results, Eabom et al. suggest that “in conjugation 
systems the variation in the transmission of induc- 
tive and conjugative effects are not as independent 
as assumed in treatment of the Dewar-Grisdaie 
type”. This conclusion is especially true for 
polyenes. All our attempts to use the F,R method 
for the correlation analysis of our data gave poor 
results, and the separation of I and M effects 
according to Taft,‘O using the multiparameter equa- 
tions, in all cases led to very large values of non- 
additive interactions, which indicate the inter- 
dependency of the transmission of inductive and 
conjugative effects. 

Eabom er al. observed also that the values of 
prel are roughly proportional to the degree of posi- 
tive charge located in the aromatic ring in the 
transition state. We found that the n’ values found 
by the correlation analysis of the q. values as well 
as those found by the correlation analysis of certain 
expenmental values (yco, CL, A,,,, Er12. k) are bound 
by the same ratio (7). These results indicate that this 
ratio (7) reflects some general regularities connected 
with the distribution of electronic density in 
molecules of polyenes. 

The difference between the ?r’ values calculated 
for different properties may be explained by the 
different sensitivity of various properties toward 
substituent changes. In addition transmission 

effects which are operative in excited states may 
not be operative in ground states. 

The above ratio (7) may be applied to the calcula- 
tion of the quantitative characteristics of polyenes 
when 7riF is known. In Table 17 we give some Cal- 
culated and experimental values of long wave 
maxima and halfwave potentials of 2 (R = Ph) and 
certain compounds (3). As can be seen from the 
data of Table 17 the calculated and experimental 
values of vIIIBX and ErJ4are close to each other. 

In conclusion we would like to note that our 
results in this article, as wellas those recorded2.3*D*‘3 
in addition to the result of other authorsL4.17.27-34.5R.3s 
indicate that the traditional view of substituent 
effects currently held by a majority of organic 
chemists becomes more and more insufficient and 
needs a modification. 
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