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Abstract : TheFTIR and UV spectraof the series
of 2- and 6-substituted nicotinic acids were deter-
mined and the electronic effect of the present sub-
stituents and the applied solvents was studied. In
order to analyze substituent influence, the FTIR ab-
sorption frequencies corresponding to the carbonyl
group of the examined compounds were correlated
with Hammett equation v = pc + h, where ¢ isthe
matching substituent constantsfor the absorption band
of acarbonyl group of the specific compound, and p
represents the sensitivity of the examined band to
substituent effect. Furthermore, UV spectrawerere-
corded in different sol vent and again the absorption
frequencies corresponding to the carbonyl group

INTRODUCTION

Pyridine carboxylic acids have applications in
awiderange of fieldsincluding industry, pharmacy
or biochemistry!*4 and therefore thereisinterest in

were analyzed, this time by Kamlet-Taft equation,
in order to quantitatively present solvent influence.
The Kamlet-Taft equationisgivenintheformv,__ =
v,+st* +ao+ bp wherev__ isthe absorption fre-
guency, ©* is a measure of the solvent polarity, o
representsthe scale of solvent hydrogen bond donor
acidities and 3 represents the scale of solvent hy-
drogen bond acceptor basicities.
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studying the structural and spectrochemical infor-
mation about them. Seven 2-substituted and 6-sub-
stituted ni cotinic acids have been synthesized in this
study (Figure 1), and their structura properties, from
the point of substituent influence, aswell asthe sol-
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Figure 1 : The examined compounds structure

vent effect on them have been examined. The sub-
stituent influence was analyzed through FTIR spec-
tra, and theinfluence of various solventsthrough UV
absorption spectra.

The connection that exists between the compound
structure, solvent effect and the absorption spectra
has been a subject to many authord>*2, One of the
reliable and interesting methods to study the elec-
tronic effect of present substituents is FTIR spec-
trometry. The advantage of this method liesin the
fact that it displays clearly the functional groupsin
the molecul e and can also detect the changein their
el ectronic structure dueto the substituent presence.

Theelectronic effects of the substituents present
in the examined compounds was studied using the
Hammett equation™ (linear free energy relationship
— LFER) of'the type:

Voo = pot+A (1)
where v is the IR absorption frequency of the
C=0 group (carbonyl group of the carboxyl -COOH
functional group) of the examined compounds, pis
areaction constant reflecting the sensitivity of v,
to the substituent effect, and oisthe substituent con-
stant, the measure of a substituent el ectronic effect.
Theanaysisof the contribution of the el ectronic sub-
stituent effects shows that these effects have a defi-
nite influence on absorption spectra of the investi-
gated acids.

Considering the effect of the UV light on the
moleculeit hits, one of the possible electronic tran-
sition under UV lightistheso called n — r* transi-
tion - lone electron from the pair in a nonbonding
orbital nto higher level antibonding orbital’®. Inthe
case of investigate compounds (Figure 1), the ex-
amined transition was the the n — 7 transition in
the carboxylic group. The UV spectrawererecorded

in various solvents and the characteristic absorp-
tion maximum wavelengths (1 ) were obtained.

During the excitation processinthen — =t* tran-
sition the lone electron pair from the carbonyl oxy-
genispromoted from to an antibonding orbital which
contains higher energy. The molecular structure, or
the present solvent, can influence thewavel ength of
the absorption maximum: if & __ increases it is a
batochromic shift, whileif it decreases it is a hyp-
sochromic shift. Also, batochromic lowers the en-
ergy of the electronic n — n* transition, as well as
the hypsochromic raisesthe same energy'®.

The effects of solvent polarity and hydrogen
bonding on the absorption spectra of the examined
compounds are interpreted by means of the linear
solvation energy relationships (L SER) concept, de-
veloped by Kamlet and Taft!*4, using a general
solvatochromic equation (1), of theform:

Via = Vo + 0 + a0+ bp (2)
where nt*, oo and 3 are solvatochromic parameters
and s, aand b are solvatochromic coefficients, and
v =1/ __,themaximum absorption frequency. v,
is the reference value, which is taken to be in the
solvent cyclohexane, for which all the solvent pa-
rameters have the value zero!4.

In Eq. (1), n* is the index of the solvent
dipolarity/polarizability, which is a measure of the
ability of a solvent to stabilize a charge or adipole
by its own dielectric effects. The n* scale was se-
lected to range from 0.00 for cyclohexanoneto 1.00
for dimethyl sulfoxide. The a coefficient represents
the solvent hydrogen bond donor (HBD) acidity, in
other words it describes the ability of a solvent to
donate aproton in asol vent-to-sol ute hydrogen bond.
The o scale extends from 0.00 for non-HBD sol-
ventsto about 1.00 for methanol. The 3 coefficient
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isameasure of the solvent hydrogen bond acceptor
(HBA) bacisity, and describes the ability of a sol-
vent to accept aproton in asol ute-to-solvent hydro-
gen bond. The 3 scale was selected to extend from
0.00 for non-HBA solvents to about 1.00 for
hexamethyl phosphoricacid triamide.

EXPERIMENTAL

All applied substituted nicotinic acidsacid were
commercia product (Fluka— subsidiary of Sigma-
Aldrich Corporation, St. Louis, Missouri, USA) of
p.a. quality.

Spectr oscopic measur ements

FTIR spectra were recorded on BOMEM MB-
100 spectrometer, using the standard solid speci-
men techniquewith KBr.

The UV spectraof theexamined compoundswere
recorded using a Shimadzu 1700A spectrophotom-
eter. The wavelength range was 200-400 nm. The
concentrations of the examined solutionswere 10-4
mol/dm3. The solvents used were of high purity, de-
signed for spectroscopi c measurements.

RESULTSAND DISCUSSION

2-Substituted nicotinic acids

Hammett equations: analysisof substituent influ-
ence

The IR absorption frequencies of the C=0 group
of the examined 2-substitued nicotinic acids, with
the corresponding substituent constants*® are given
iNnTABLE 1.

The o, constant describesthe ortho- substituent
resonance and polar effect:
Vo= 1663.52 +(38.56 + 2.27)c,
R=0995s=192,n=5

Taft’s equation of the dual substituent parameter
separates inductive from resonance substituents ef-
fect, 5, and o, respectively.
Vo = 1648.46 + (110.06+ 24.21) o, - (82.52 + 20.99) o,
R=0.942,s=6.39,n=6

Thehigh correlation coefficient values (R>0.90)
in both cases confirm that the relationship between
the IR absorption frequency and the electronic
characteristics of substituent islinear. The substitu-
ent effects described by c_ and 5, move the exam-
ined C=0 band to higher frequency values, in other
words they raise the energy necessary for the elec-
tronic transition in question, while o, decreasesthe
absorption frequency, aswell as the energy of tran-
sition.
Kamlet-Taft equations: solvent — absorption fre-
quency relationship

In this part of the study the solvent — absorption
frequency relationship was formed based on the cor-
relation of the absorption frequencies of the C=0
group of the examined compoundsin different sol-
vents (TABLE 2) with the solvent parameters, by
the Kamlet-Taft equation. The Kamlet-Taft param-
etersare givenin TABLE 3.1

The calculated correlations of the spectroscopic
datawith Kamlet-Taft solvent parametersareasfol -
lows:

Nicotinic acid
v =5455- (17.72+ 2.06) #* + (3.51+ 0.97) @ - (11.42 +

max

2.09) B

TABLE 1 : IR C=0 group absorption frequencies of the 2-substituted nicotinic acids and the corresponding sub-

stituent constants

Substituent (X) Vc=0, CM-1 O, o ORr

H 1700 0.00 0.00 0.00

2-NH, 1703 -* 0.09 -0.48

2-Cl 1713 1.28 0.43 -0.16

2- 1713 1.34 0.47 -0.12
2-CH3 1732 0.29 0.01 -0.13
2-SH; 1683 0.52 0.20 -0.15
2-OH 1713 1.22 0.32 -0.43
2-SH 1683 0.50 0.27 -0.13
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TABLE 2 : The UV absorption frequencies of the C=0 group of the examined compounds in different solvents

Ymax * 103, cm™

Solvent
H 2-NH,  2-SCHs; 2-Cl 2-CHg; 2-1 2-OH 2-sH
M ethanol 38.79  40.94 37.49 4480 3743 4489 4480 33.83
Ethanol 38.89  40.68 37.40 3717 3740 3715 4488 3321
Propan-1-ol 38.79  40.58 37.48 37.06 37.60 37.06 4436 33.33
Propan-2-ol 38.85 40.58 37.45 3717 3730 3717 3993 30.03
2-methyl-2-propanol 38.89  40.68 37.40 3717 3737 3717 4482 33.16
Ethylene glycol 36.76  41.12 38.34 3717 3729 37.01 4459 33.38
Butan-1-ol 38.82  40.62 37.23 3711 3734 3711 4480 33.92
Pentan-1-ol 38.76  40.58 37.26 3782 3735 37.88 4484 3285
2-methyl-2-butanol 38.83 4045 37.26 3795 38.08 37.88 4460 33.13
Acetonitrile 38.83 40.52 37.54 37.31 37.42 3755 4444 3324
Dimethyl sulfoxide 28.12 29.84 27.30 2720 2731 2722 2944 2513
N,N-Dimethylacetamide 3735  36.87 36.79 36.97 3694 36.89 3695 33.18
Tetrahydrofuran 38.86 39.88 37.26 37.04 3711 37.08 4132 30.47
Dioxane 38.18  29.89 37.24 3715 3740 3713 3515 37.15
N,N-Dimethylformamide 29.40 30.15 28.31 30.13 2724 3117 3051 2534
Ethyl acetate 38.80 37.19 37.42 3719 3742 37.24 4062 33.15
TABLE 3 : Kamlet-taft solvent parameters
Solvent sl a L4
0.6 0.93 0.62
Methanol 0.54 0.83 0.77
Ethanol 0.52 0.78 0.83
Propan-1-ol 0.48 0.76 0.95
Propan-2-ol 0.41 0.68 1.01
2-methyl-2-propanol 0.92 0.90 0.52
Ethylene glycol 0.47 0.79 0.88
Butan-1-ol 0.40 0.84 0.86
Pentan-1-ol 0.40 0.28 0.93
2-methyl-2-butanol 0.75 0.19 0.37
Acetonitrile 1.00 0.00 0.75
Dimethyl sulfoxide 0.88 0.00 0.76
N,N-Dimethylacetamide 0.58 0.00 0.55
Tetrahydrofuran 0.55 0.37 0.37
Dioxane 0.88 0.00 0.69
N,N-Dimethylformamide 0.55 0.00 0.45

R=0.956 s=1.22 n=14

2-Aminonicotini acid

v =5215- (14.52+ 3.16) 7* + (6.25+ 1.48) @ - (10.25 +

3.15) B
R=0.917 s=1.83 n=13

2-(Methylthio)nicotinic acid

m

v =5185- (15.29% 2.57) 7* + (4.91% 1.20) & - (12.06 +

2.56) B
R=0.935 s=1.49 n=13

14
m

2-Chloronicotinic acid

3.08) B
R=0.925 s=1.79 n=13

2-Methylnicotinic acid

. = 5334 - (15.61+ 3.09) 7* + (6.21+ 1.45) @ - (14.01 %
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v =5178 - (15.14+ 2.61) z* + (5.06+ 1.29) @ - (12.85

max

2.66) B
R=0.940 s=1.50 n=13
2-lodonicotinic acid
v =52.19- (13.22+ 3.07) #* + (6.51+ 1.51) & - (15.06 =

max

3.13) B
R=0.924 s=1.76 n=13
2-Hydroxynicotinic acid
v =59.72 - (17.39+ 3.69) 7* + (9.50+ 1.82) @ - (17.28 £

max

3.76) B
R=0.941 s=2.12 n=13
2-Thionicotinic acid
v =44.89 - (11.39% 2.17) #* + (5.30+ 1.10) @ - (1225 +

m

1.96) B
R=0.947 s=1.27 n=13

In this part of research too, the high correlation
coefficient values (R>0.90) in all equationsconfirms
thelinear dependence of the UV absorption frequen-
cieson solvent parameters.

Negative values of coefficient for 7* i1 3, sol-
vent polarity/polarizability and hydrogen bond ac-
ceptor ability decrease the absorption frequency
values, therefore the energy of the electronic transi-
tion too, whilethe positive coefficient of the param-
eter o, hydrogen bond donor ability, is directed to
the increase of the absorption frequency and there-
lated energy too.

As the coefficient related to n* has the highest
values, in all cases except 2-1 and 2-SCH, com-
pounds, this effect can be marked as dominant. It
pointsto the decrease of the UV absorption frequen-
cies, aswell asto the decrease of the energy of the
examined transition.

2-1 and 2-SCH, compounds have the highest

coefficient valuesfor the p parameter, the dominant
effect in these two case. It is also directed to the
decrease of the examined absorption frequency.

It can be concluded that solvent properties de-
scribed by n* i B, which stabilize the excited state,
prevail over proton-donor effect (o), which supports
theground state.

6-Substituted nicotinic acids

Hammett equations. analysisof substituent influ-
ence:

The IR absorption frequencies of the C=0 group
of the examined 6-substitued nicotinic acids, with
the corresponding substituent constants*® are given
iINTABLEA4.

The o_constant describes the para- substituent
resonance and polar effect:

Ve, = 16985 - 58.400,
R=00968,s=380,n=7

Taft’s equation of the dual substituent parameter
separates inductive from resonance substituent ef-
fect, o, and o, respectively.

Voo = 1694.7 - (46.57 + 15.50) o, - (92.46 + 24.55) o,
R=0902,s=734,n=7

Thehigh correlation coefficient values (R>0.90)
in both cases show that the rel ationship between the
IR absorption frequency and the electronic charac-
teristics of substituent is linear. The substituent ef-
fects described by o and 6, move the examined
C=0 bandto higher frequency valuesin other words
they raise the energy necessary for the electronic
transitionin question, while s, decreasesthe absorp-
tion frequency, aswell asthe energy of transition.

TABLE 4 : IR C=0 group absorption frequencies of the 6-substituted nicotinic acids and the corresponding sub-

stituent constants

Substituent (X) Vc=0, CM-1 Op o OR

H 1700 0.00 0.00 0.00

6-NH, 1683 -0.66 0.09 -0.48
6-Br 1685 0.23 0.49 -0.16

6-Cl 1683 0.23 0.43 -0.16

6-1 1693 0.18 0.47 -0.12

6-SH 1688 0.15 0.27 -0.13
6-CH3 1703 -0.17 0.01 -0.13
6-OH 1723 -0.37 0.32 -0.43
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TABLE 5: The UV absorption frequencies of the C=0 group of the examined compounds in different solvents

Solvent

Ymax ¥ 10°, cm™

H 6-NH, 6-ClI 6-CH; 6-I 6-OH 6-SH 6-Br

M ethanol 3879 3715 3802 3828 3879 3897 3176 37.88
Ethanol 3889 3796 3794 3842 3889 3882 3111 38.02
Propan-1-ol 3879 3831 3802 3842 3879 3873 3104 37.88
Propan-2-ol 3885 3793 3791 3828 3885 3867 30.75 38.02
2-methyl-2-propanol 3889 36.68 3805 3848 3889 3837 30.71 37.95
Ethylene glycol 36.76 3517 3795 3560 3876 3891 3163 37.82
Butan-1-ol 3882 3701 3795 3821 3882 3867 3086 37.95
Pentan-1-ol 38.76 3801 3795 3835 38.76 39.61 30.83 37.88
2-methyl-2-butanol 3883 3752 3785 3835 3883 3837 3047 37.95
Acetonitrile 3883 3793 3795 3848 38.83 38.67 30.86 38.02
Dimethyl sulfoxide 2812 2782 3709 2742 3812 2828 2048 37.14
N,N-Dimethylacetamide 3735 36.78 3714 3641 37.35 3326 30.77 36.36
Tetrahydrofuran 3886 3786 3801 3840 38.86 3831 31.74 38.01
Dioxane 38.18 3683 3790 38.34 38.18 38.18 37.84 38.01
N,N-Dimethylformamide 2940 2746 3716 2740 3840 29.14 2145 37.35
Ethyl acetate 3880 3805 3794 3846 3880 3849 3051 37.91
Kamlet-Taft equations: solvent — absorption fre- v, = 53.95 - (15.76 £ 2.00) n* + (5.69 + 1.04) o - (13.40
quency relationship +2.13) B

The absorption frequencies of the C=0 group of
the 6-substituted ni cotinic acidswere a so measured
(TABLE5.) and Kaml et-Taft equations were cal cu-
lated again, using the parametersfrom TABLE 3.

Theresultsof the correlation of the spectroscopic
datawith the given Kamlet-Taft solvent parameters
are as follows:

6-Aminonicotinic acid:

v =5458- (17.98 £ 2.19) * + (3.95 + 1.14) - (12.93 +

m

2.34) B
R=0.955 s=1.30 n=13
6-Cholonicotinic acid:
v =39.04 - (1.22 £ 0.21) * + (0.45 £ 0.10) o - (0.95 +

max

0.21) B
R=0.945 s=0.12 n=13

6-Methylnicotinic acid:
v =54.02- (19.14 + 2.32) n* + (3.63 + 1.09) a - (10.65
+2.66) B
R=0.957 s=1.37 n=13

6-lodonicotinic acid:

vy =39.75-(0.99 + 0.16) m* + (0.25 £ 0.09) o - (0.71 %
0.18) B
R=0.924 s=0.10 n=13

6-Hidroxynicotinic acid:

R=0.962 s=1.18 n=13
6-Thionicotinic acid:
v, .. =46.36 - (16.09 + 2.49) t* + (5.20 = 1.17) o - (12.98

m

+ 2.48)
R=0.945 s=1.44 n=13

6-Bromonicotinic acid:

v . =39.13- (132 0.19) n* + (0.25+ 0.09) @ - (0.83 +
0.19)
R=0.936 s=0.11 n=13

The high correlation coefficient values (R>0.90)
inall equations confirmsthe linear dependence of of
the UV absorption frequencieson solvent parameters.

Negative values of coefficient for =* i B3, sol-
vent polarity/polarizability and hydrogen bond ac-
ceptor ability decrease the absorption frequency
values, therefore the energy of the el ectronic transi-
tion too, whilethe positive coefficient of the param-
eter a,, hydrogen bond donor ability, is directed to
the increase of the absorption frequency and there-
lated energy too.

As the coefficient related to n* has the highest
values it can be observed that the solvent polarity/
polarizability effect is the prevailing effect in all
examined cases.

The conclusion can be derived that applied sol-
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vent set stabilizes the excited state to a greater ex-
tent than the ground state, for the examined set of 6-
substituted nicotinic acids.

CONCLUSIONS

In the case of 2-substituted nicotinic acids, the
substituent effect is described by the Hammett equa-
tion, containing ¢, and ,, ortho- and inductive ef-
fect, respectively. The substituent effect of the two
mentioned propertiesin the selected compound set
issuch that it movesthe examined C=0 band to higher
frequency values, in other words the energy neces-
sary for the electronic transition in question in-
creases. Onthe contrary, the resonant substituent ef-
fect, described by o, decreases the absorption fre-
guency, aswell asthe energy of transition.

Considering the solvent effect, it can be noticed
that solvent properties described by =* i B, which
stabilize the excited state, prevail over proton-do-
nor effect (o), which supportsthe ground state.

In the case of 6-substituted nicotinic acids, the
substituent effects described by o A and ¢, para- and
inductiveeffect respectively, movetheexamined C=0
band to higher frequency values in other words they
raise the energy necessary for the eectronic trans-
tion in question. Contrary to that, equal to the situa-
tion with 2-substituted nicotinic acids, the substituent
resonance effect presented by o, decreases the ab-
sorption frequency, aswell asthe energy of transition.

Asfor the solvent effect the negative values of
coefficient for 7* i B, solvent polarity/polarizability
and hydrogen bond acceptor ability decrease the
absorption frequency val ues, therefore the energy of
the electronic transition too, while the positive co-
efficient of the parameter o, hydrogen bond donor
ability, is directed to the increase of the absorption
frequency and therelated energy too, the sameasin
the case of 2-substituted acids. As the coefficient re-
lated to * has the highest values, for 6-substituted
acidsit can be observed that the solvent polarity/po-
larizability effect isthe prevailing effect in for them.

Generally, as the solvent and the substituent ef-
fects are in agreement for both compound types, 2-
and 6-substituted, the conclusion can bederived that,
when nicotinic acids are concerned, the substituent

natureis more effectivethan itsposition in the mol-
eculestructure.

Although acorrelation analysis of thistype may
seem purely theoretical, it can be useful for series
of compoundswhich are apart of areactivity study,
or have practical application asinfor example, phar-
maceutical industry.
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