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Absorption spectra of some 3-N-(4-substituted phenyl)-5-carboxy uracils, pre-

viously determined in twelve solvents, are correlatedwith substituentsp
+
values or bydual

substituent parameter correlations involving sI and sR
+
values. The substituents at the

phenyl nucleus are as follows: H, Cl, Br, I, Me, Et, OMe, COOH and NO2. Considering

the structure of the investigated system, it is very probable that the effect of the substituent

at the phenyl nucleus on the electronic spectra of the substituted uracils is influenced by

resonance interactions between the electron pairs of both the nitrogen atoms, the carbonyl

groups and the substituent itself. The polarity of the reaction medium also affects the

complex resonance interactions in the molecules of the investigated compounds. The

obtained results support a suggestion made by Brownlee and Topsom that UV/visible

spectral shifts can conform to reasonable precise linear free energy relationships if the

substituent is not a part of the chromophoric system.

Keywords: absorption spectra, substituent effects, solvent effects, intramolecular hydro-

gen bond.

A number of workers1-3 have reviewed and critically examined correlations

of substituent constants with ultraviolet absoprtion frequencies. They observed that

these correlations present many difficulties both in interpretation and accuracy of

measurement. By means of dual substituent parameter (DSP) treatments, using

various combinations of sR
+
, sR

0
, sR

�
and s1 as well as (sR

0
� sR

+) and (sR
�
�

sR
0), Brownlee and Topsom4,5 convincingly demonstrated that previously claimed

simple relationships between frequency shifts and substituent parameters were

mostly unfounded when the substituents were part of the studied chromophoric

system. When the substituents being varied were not part of the chromophore

system, however, it was shown that good correlations were possible.

We now report further calculationswhich support the conclusion byBrownlee

and Topsom.4 The system studied is 3-N-(4-substituted phenyl)-5-carboxy uracil
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(Scheme 1). The present investigation is an extension of earlier work6 when the

reactivities of 3-N-(4-substituted phenyl)-5-carboxy uracils in the reaction with

diazodiphenylmethane in ethanol and methanol at 30 ºC were examined using a

known spectrophotometric method.6 These obtained kinetic data, as well as the

values of the IR stretching vibrations of the carboxy carbonyl group were treated

by semiempirical relationships based on the principles of linear free energy corre-

lations. The obtained results6 showed that the kinetic and spectroscopic data could

be well correlated with the simple and extended Hammett equation and with the

Swain-Lupton equation.

We also investigated theUVspectra of the same series of compounds in twelve

solvents and correlated the carboxy carbonyl transition band frequency employing

the Kamlet and Taft approach7 using multiple regression analysis to correlate

experimental data with solvatochromic parameters. The results showed that the

polarity of the solvents also affects the transmission of substituent effects in

3-N-(4-substituted phenyl)-5-carboxy uracils.6,8

RESULTS ANDDISCUSSION

To explain the effects of substituents in the UV spectra of 3-N-(4-substituted
phenyl)-5-carboxy uracils,8 the 3-N-phenyl-5-carboxy uracil spectrum, which has

two absorption bands one at 270�300 nm (carboxy carbonyl transition) and the other
at 208�220 nm (carbonyl groups in the uracil nucleus), was taken as the reference.

The results showed that the first band is sensitive to the electronic properties

of the substituent. No correlations were found for the second band.

Examination of the data given in the previous paper (Ref. 6) and the disscusion
presented therein shows that there is an identical trend for the ultraviolet absorption

frequencies of the investigated compounds in all solvents used. The introduction of
electron-donating substituents in the benzene ring produced bathochromic shifts of

the long wavelength absorption maximum as compared to that of the unsubstituted
uracil. Electron-attracting substituents caused hypsochromic shifts.

In order to explain these results, the absorption frequencies of carboxy

carbonyl electronic transitions8 were correlated by the single parameter Eq. (1)

using substituent sp
+ values and by he dual substituent parameter Eq. (2) involving

sI and sR
+
values.

Scheme 1. 3-N-(4-Substituted phenyl)-5-carboxy uracils

(R = H, Cl, Br, I, Me, Et, OMe, COOH, NO2).
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n = r+ + sp
+ + n0 (1)

n = rI sI + rR sR + n0 (2)

The correlations were tried with various sets of substituent parameterss, and the

most satisfactory resultswere obtainedby usingsp
+
andsI andsR

+ constants. The best

insight into the transmission of substituent effects was obtained using the dual substi-

tuentparametermethodand itwaspossible todistinguishbetween thecontribution from

the inductive (rI) and the resonance (rR
+) effects of the substituents.9

The values of sp
+
, sI, and sR

+ are given in Table I. The results of the

correlations are presented in Tables II and III. The correlation coefficients obtained

from Eqs. (1) and (2) show that the data comply with a high level of reliability in

all the solvents.

The composition of the electronic effect from the DSP analysis (Table III)

indicates that the main effect through which these substituents influence chemical

shifts of the absorption frequencies is the inductive effect,while the resonance effect

is less significant. This is in agrement with the fact that the electron density at the

nitrogen atom in position 3 of the carboxyuracil nucleus is influenced by both

inductive and resonance effects of the p-substituted phenyl nucleus, which are

further transmitted to the reaction center as an inductive effect. Considering that the

4-phenyl-substituted group is in the m-position relative to the reaction center, the

total inductive effect is transmitted to the carboxy group, while the resonance effect

is transmitted as a so-called secondary effect induced by the charge at the neighbor-

ing atoms in the ring. The susceptibility constantsr+ (Table II) andrI andrR
+ (Table

III) generally decrease with decreasing solvent polarity. The blending constant l,

being defined as rR
+
/rI, decreases simultaneously (Table III). This is attributed to

the decreasing relative importance of cross-conjugation with decreasing solvent

polarity. In the more polar solvents, the increased sensitivity of the investigated

molecules to substituent effects is due to the greater stability of the resonance

structure which, through direct conjugation, impart an enhanced resonance effect

from the substituent to the reaction center. Polar solvents favor the structures shown

in Scheme 2, which is also true for the reaction with DDM.6

Scheme 2. The strucutes which are favored by a polar solvent.
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TABLE I. Values of substituent constants

Substituent sp
+a sI

b sR
+b

OCH3 � 0.78 0.27 � 1.02

CH3 � 0.31 � 0.04 � 0.25

C2H5 � 0.30 � 0.01 � 0.14

H 0.00 0.00 0.00

Cl 0.11 0.47 � 0.36

Br 0.15 0.47 � 0.3

I 0.14 0.40 � 0.25

COOH 0.45 0.30 0.11

NO2 0.78 0.67 0.15

a

Ref (10).
b
Ref (11).

TABLE II. Results of the correlations with Eq. (1) for the 3-N-(4-substituted phenyl)-5-carboxy uracils

Solvents r+ n0 r
a

s
b

n
c

1. Methanol 0.972 36.15 0.9753 0.106 9

2. Ethanol 0.958 36.13 0.9685 0.119 9

3. Propan-1-ol 1.202 36.07 0.9935 0.066 9

4. Propan-2-ol 0.938 36.09 0.9783 0.096 9

5. Butan-1-ol 1.111 36.02 0.9693 0.136 9

6. Dichloromethane 0.876 36.28 0.9608 0.124 8

7. Ethyl acetate 0.767 36.14 0.9767 0.082 9

8. Butyl acetate 0.918 36.18 0.9729 0.106 9

9. Chloroform 0.890 36.12 0.9603 0.125 9

10. Diethylether 1.319 36.23 0.9833 0.118 9

11. Dioxane 0.882 36.17 0.9556 0.132 9

12. Dimethylformamide 0.676 33.23 0.9689 0.084 9

a

Correlation coefficient.
b
Standard error of the estimate.

c

Number of points in the set.

The present study is an attempt to relate the solvent shifts of 3-N-(4-substituted
phenyl)-5-carboxy uracils to the known properties of the solute molecule, in order

to evaluate the importance of hydrogen bonding and polarization effect. The results
show that there is a good correlation between the ultraviolet absorption frequencies

of 3-N-(4-subsituted phenyl)-5-carboxy uracils and the electronic properties of the
substituent. The composition of the electronic effects shows the importance of the

inductive effect,which is in accordwith the structure of the investigated compounds.

The polarity of the solvent did not have a strong influence on the position of
absorption frequencies. This is attributed to the strong intramolecular hydrogen

bond in the investigated uracils, which is less significant inthe more polar solvents.
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It was also established here that in the more polar solvents threre is an increased
sensitivity of the carboxyuracil systems to substituent effects.8

TABLE III. Results of the correlations with Eq. (2) for the 3-N-(4-substituted phenyl)-5-caboxy uracils

Solvents rI rR
+ rR

+
/rI n0 r

a

s
b

n
c

1. Methanol 1.020 0.999 0.979 36.12 0.9780 0.109 9

2. Ethanol 0.907 1.026 1.131 36.14 0.9643 0.137 9

3. Propan-1-ol 1.273 1.194 0.937 36.01 0.9783 0.131 9

4. Propan-2-ol 1.065 0.892 0.837 36.02 0.9647 0.132 9

5. Butan-1-ol 1.413 0.975 0.690 35.88 0.9675 0.152 9

6. Dichloromethane 1.132 0.739 0.652 36.14 0.9792 0.099 8

7. Ethyl acetate 0.883 0.727 0.823 36.08 0.9666 0.105 9

8. Butyl acetate 1.040 0.868 0.834 36.12 0.9555 0.146 9

9. Chloroform 1.177 0.769 0.849 35.99 0.9714 0.115 9

10. Diethylether 1.591 1.213 0.762 36.10 0.9786 0.144 9

11. Dioxane 1.058 0.830 0.784 36.09 0.9604 0.134 9

12. Dimethylformamide 0.826 0.635 0.768 33.16 0.9806 0.071 9

a

Multiple correlation coefficient.
b
Standard error of the estimate.

c

Number of points in the set.

The fact that the correlations of the ultraviolet absorption frequencies of 3-N-(4-

substituted phenyl)-5-carboxy uracils by Eq. (1) and Eq. (2)were satisfactory indicates

the correct selection of the models used. This means that these models give a correct

interpretation of the transmission of the electronic effect in the complex system of the

3-N-(4-substituted phenyl)-5-carboxyuracils nucleus.The results obtained in thiswork

support the suggestion by Brownlee and Topsom that UV/visible spectral shifts can

conform to reasonably precise linear free energy relationships if the substituent does

not interact strongly with the chromophore system.4
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I Z V O D

EFEKAT SUPSTITUENATANAAPSORPCIONE SPEKTRE

3-N-(4-SUPSTITUISANIHFENIL)-5-KARBOKSI URACILA U RAZLI^ITIM

RASTVARA^IMA. DEO II.

N. VALENTI], G. U[]UMLI] i M .RADOJKOVI]-VELI^KOVI]

Tehnolo{ko-metalur{ki fakultet, Univerzitet u Beogradu, Karnegijeva 4, Beograd

Apsorpcioni spektri 3-N-(4-supstituisanihfenil)-5-karboksi uracila (supsti-

uenti: H, Cl, Br, I, Me, Et, OMe, COOH i NO2) su korelisani prostom i pro{irenom

Hammett-ovom jedna~inom ukqu~uju}i sp
+
odnosno sI i sR

+
konstante u dvanaest ra-

stvara~a razli~ite polarnosti. Zadovoqavaju}i rezultati korelacije apsorbcionih

spektara za elektronske prelaze u karboksi karbonilnoj grupi sa konstantama supsti-
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uenata su potvrda ispravnosti odabranog modela za prou~avawe mehanizma preno{ewa

efekata supstituenata kroz slo�ene molekule 3-N-(4-supstituisanih fenil)-5-kar-

boksi uracila.
(Primqeno 15. jula, revidirano 8. oktobra 1999)
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