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요 약. 2-Anilinonicotinic acid 를 기본 화합물로한 관련유도체의 형 광특성에 미치는 치 환기의 영 

향을 검토하였다. 각 치 환기의 Hammett substituent constant 오卜 형광파장은 직 선적 인 정 량적 관계를 

나타내었으며 각 유도체의 알루미늄 착화합물에서도 동일한 경향성을 보였다, 측정용매의 영향은 

유도체및 알루미늄 착화합물에서 공히 용매의 polarity 에 대해 정 성적 인 관련성을 나타내 었다.

ABSTRACT. Substituent effects on the fluorescence o£ 2- (substituted anilino) nicotinic acids and 
their aluminum chelate compounds were examined, and satisfactory linear relationships between 
Hammett substituent constant, and the lowest excited singlet energy levels were obtained. 
Effects of solvent on the native and aluminum chelate compounds were also investigated.

INTRODUCTION

The nature of substituent groups plays an 
important role on the fluorescence characteristics 
of aromatic compounds. Efforts to establish the 
correlationship between substituent groups and 
fluorescence phenomenon of different aromatic 
compounds were worked out by many investi
gators.

For example, satisfactory Hammett-type 
correlation for excited state aromatic nitro com
pounds with their lowest singlet energy state 
has been obtained and correlationship between 
Hammett substituent constant and triplet decay

constants, triplet energy level and quenching 
of some derivatives* luminescence were also 
reported. 2~6

This paper presents the substituent effect on 
the fluorescence of 2- (substituted anilino) 
nicotinic acids and their aluminum chelate 
compounds in terms of the correlation between 
Hammett substituent constant and the lowest 
excited singlet energy levels of the compounds. 
The effect of solvents and the fluorescence 
characteristics of compounds relating to 2- 
anilinonicotinic acid are also examined. Almost 
all the 2- (substituted anilino) nicotinic acids 
discussed in this paper are widely used or
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evaluated as potent antipyretic and anti
inflammatory agents for lowering body tempe
rature in feverish patients or reducing or 
preventing the inflammatory changes seen in a 
number of diseases in clinical field. 7"9

EXPERIMENTAL

General. Fluorescence measurements were 
performed on a Shimatzu Model RF-501 
Spectrofluorophotometer equipped with 150W 
xenon arc lamp, R452 phototube and Varian 
9176 Laboratory Strip Chart Recorder. Excita
tion and emission slits were set at 3 and 5nm, 
respectively, and 10mm quartz cell was used.

The spectrofluorophotometer was standardized 
with quinine bisufate(l//g/mZ in (). 01N H2SO4, 
50 relative fluorescence intensity units at excita
tion and emission wavelengths of 350 and 445 
nm, respectively). IR spectra were recorded on 
a Hitach-Perkin Elmer 264 Grating Infra-red 
Spectrometer and UV spectra were recorded on 
a Pye-Unicam SP 8-100 UV-Visible Spectro
photometer.

All the NMR spectra were taken on a Varian 
EM-360 Spectrometer with tetramethylsilane 
(TMS) as an internal standard. Chemical shifts 
were reported in parts per million downfield 
from TMS. Melting point determination was 
made with a Thomas Unimelt type apparatus. 
Elemental analysis data were obtained on a 
Carlo Erba Strumentazione Model 1106 
Elemental Analyzer.

Materials. All the solvents and aniline were 
fractionally distilled and o니y center cuts were 
collected, but chloroform and ethanol were 
adopted the HPLC grade (Merck).

Niflumic acid (Squibb & Sons) was recrys
tallized from 80% ethanol. Quinine bisulfate 
(Sigma), nicotinic acid (Tokyo Kasei), 2- 
aminopyridine (Tokyo kasei) and 2-aminonico- 
tinic acid (Aldrich) were of reagent grade.
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2-Anilinonicotinic Acid.7 One gram of 2- 
chloronicotinic acid (Aldrich), 15mZ of xylene, 
0. 8 g of aniline and 0. 02 흥 of potassium iodide 
were intimately mixed and refluxed at 140 °C 
for 3 hours.

The product was then washed with xylene 
and distilled water and recrystallized from 80 % 
ethanol to obtain yellow crystalline powder, mp: 
151 °C, UV ①ioxane)： ^maK=278(E1% = 1255), 
353(255), IR(KBr)：3330, 1660, 1425, 1239, 
H-NMR (DMSO-d6)：10.47(COOH), 8.4-6.6.

Anal. C12Hi0N2O2(213. 4)： calcd.: C：67.9, 
H：4.46, N：13.08, Found： C：66.35, H：4.5L 
N：13.41

Nixylic acid [2, (2,3-dimethylanilino) nico
tinic acid].7 One gram of 2-chloronicotinic 
acid (Aldrich), 0- 8 g of 2. 3-xylidine (Tokyo 
kasei), 15 mZ of xylene and 0. 02 g of potassium 
iodide were intimately mixed and refluxed at 
140 °C for 2. 5 hours.

The product was then washed with xylene, 
distilled water and ethanol simultaneously and 
recrystallized from 80 % dioxane to obtain 
white crystalline powder.

mp： 245 °C, UV(Dioxane):為口 = 286(£顼= 

630), 349(220), IR(KBr): 3253, 1671, 1580, 
1498, 1295, 1240, 765, H-NMR (DMSO-厶)： 

10.17 (COOH), 2. 25 (Ar-CH3),
Anal, C14HmN2O2(241. 5) : calcd. : C：69.42, 

H: 5.79, N：ll. 57, found： C：6&01, H：6.01, 
N： 11.83

2- (4-Methoxyanilino) nicotinic Acid.10 One 
point six gram of />-anisidine (Yoneyama), 1 g 
of 2-chloronicotinic acid (Aldrich), 15 ml of 
xylene and 0.03 g of potassium iodide were 
intimately mixed and refluxed at 140 °C for 
1. 5 hours. The product was then washed with 
xylene and distilled water and recrystallized 
from 95 % ethanol to obtain white crystalline 
powder.

mp： 182 °C, UV①ioxane):為.=281 (玖％ =
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565), 355(320), IR (KBr): 3326, 1665, 1510, 
1296, 1240, H-NMR (DMSO-^6) ：9.15 (COOH), 
8. 2〜6. 6, 3.83 (-OCH3)

Anal, G4H13NO3 (242.1) : calcd.: C：69.14, H: 
5.35, N：5.76, found： C：70. 61, H：5. 22, N：5.88

Aluminum chelates of 2-(substituted ani- 
lino) nicotinic acids. Fifteen milliliter of 0.1 
M niflumic acid in JV-NaOH was added into 
40 mZ of aqueous 0.1M aluminum chloride 
solution while stirring continuously.

Adjusted pH of the solution to 7- 00 and 
stood for 1 hour, the product then filtered and 
vacuum dried at 80 °C for 5 hours. Aluminum 
chelate compounds of 2-anilinonicotinic acid, 
nixylic acid and 2- (4-methoxyanilino) nicotinic 
acid were prepared as described above.

RESULTS AND DISCUSSION

Four compounds of 2- (substituted anilino) 
nicotinic acids, illustrated in Scheme 1, were 
chosen to observe the substituent effects on the 
fluorescence phenomenon.

The fluorescence data for these compounds 
were summarized in Table 1, which were 
measured at the concentration of 10 mcg/mZ 
in dioxane, respectively. Fluorescence intensi
ties increased by electron-withdrawing subst
ituents and decreased by electron-donating 
substituents, but were not correlated with the 
Hammett substituent constant, a, of substituent 
groups discussed.

Hammett substituent constants, o for m- 
CF* H and />-OCH3 were reported as 0.43, 
0 and — 0- 268. respectively, but in case of 
nixylic acid, the sum of <7 of 0-CH3 and 
w-CH3, —0.21 was taken.ll"13

The above Hammett correlation agreed with 
the substituent effect on the fluorescence inten
sities of 4-substituted 4-nitrodiphenylamines1.

But the reverse opinion that some ortho- 

/)ara-directing substituents (e. g., —OH, —NH2,

Scheme 1. 2- (Substituted anilino) nicotine acids.

Table 1. Effect of substituted groups on excitation 

and emission properties of 2-(substituted anilino) 

nicotinic acids in dioxane at the concentration of 

lOmcg/mZ.

Comp.
E；厂 max 
nm

Em-max 
nm

Relative 
fluorescence 
intensity

2-Anilinonicotinic
Acid

350 445 7.6

Niflumic acid 343 423 12

Nixylic acid 350 460 1.8

2- (4 - Methoxyanilino) 
nicotinic acid -

365 498 0.4

—OCH3) enhance the fluorescence of aromatic 
compounds has been reported,14^15

As shown in Table 1, each substituent group 
affected greatly on both maximum excitation 
wavelength and maximum emission wavelength 
of the compounds discussed.

At the maximum excitation wavelength, 
bathochromic shifts occured as the Hammett 
substituent constant, a, decreased, but were 
not correlated with o. On the other hand, 
linear plot was obtained for maximum emission 
wavelength vs the Hammett substituent con
stant, <7, and was shown in Fig, 1.

The correlations were satisfactory for the 
compounds examined and indicates that the 
lowest excited singlet energy levels were 
lowered by electron-donating substituents and 
raised by electron-withdrawing substituents.

Fluorescence characteristics of aluminum 
chelate compounds of 2- (substituted anilino) 
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nicotinic acids were shown in Table 2, which 
were measured at the concentration of 10 mcg/ 
ml in dioxane, respectively. While a little 
effect of the substituent groups were detected on 
the excitation maximum wavelength, the 
influence on the fluorescence intensities was 
significant.

This indicates that the effects of substituent 
group on the electronic state of ligands are also 
applied to the aluminum chelate compounds in 
the same manner.

Maximum emission wavelength of the alumi
num chelate compounds made a linear rela-

Hamnett Substituent Constant,(T*

Fig. 1. Hammett plot for fluorescence emission maxima 

of [2-(substituted anilino) nicotinic acids in dioxane. 

E까-max(cmTXUE =5. 25어■ 21.8, r=0.960.

Table 2. Effect of substituted groups on excitation 

and emission properties of aluminum-^2- (substituted 

anilino) nicotinic acids in dioxane at the concentration 

of 10 mcg/m/.

Ligand
Ex-max Era-max

Relative 
Fluorescence 

intensitynm nm

2-Anilinonicotinic 
acid

361 461 12.3

Niflumic acid 356 448 46

Nixylic acid 353 465 5.3

2- (4-Methoxy anilino) 
nicotinic acid

366 501 0.4

tionship with the Hammett substituent constant 
of respective substituent groups as the ligand 
compounds did and was shown in Fig. 2

But 바le slope was lowered than that of 
ligands, which could be explained as the 
decrease of the effect of the substituent groups 
on the emission spectra in chelate compounds. 
From the relationships observed, in Fig. 1 and 
Fig. 2, we cannot speculate on the exact 
significance of the Hammett-type correlation for 
excited state molecules studied, but it should 
be emphasized that correlations between <r 

values and excited molecules seem to be possi
ble. Comparative data on the shift of both 
excitation and emission spectra and the fluores
cence intensities between ligands and their 
aluminum chelate compounds were shown in 
Fig. 3

Increasing o value of substituent group 
resulted in greater red shift of both excitation 
and emission spectra of the aluminum chelate 
compounds from that of the respective native 
compounds, but decreasing a values, a little

-0.4 -0.2 0 0.2 0.4

Hammett Substituent Constant, tf*

Fig, 2. Hammett plot for fluorescence emission maxima 

of aluminum-[2- (substituted anilino) nicotinic acids] 

in dioxane. £ffl-max(cm-1X10~3) = 3. 50(r+21.44, r~ 

0.940.
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300 400 500 300 400 500
Wavelength, nm

Fig. 3. Comparison of excitation (--- ) and emission

(一)spectra between native and aluminum chelate 

compounds of 2- (substituted anilino) nicotinic acids in 

dioxane. 1 ； Aluminum chelate compounds, lOmcg/mZ, 

2 ； Native compounds, lOmcg/mZ. A ； Niflumic acid, 

B ； 2-Anilinonicotinic acid, C ； Nixylic acid, D ； 2~ 

(4-Methoxyanilino) nicotinic acid.

Table 3. Solvent effect on excitation and emission 

properties of niflumic acid at the concentration of 

lOmcg/mZ.

Solvent
Dielectric
Constant"

Eg 
max 
nm

max
nm

Relative 
fluorescence 
intensity

Dioxane 2. 21 343 423 12

Chloroform 4. 81 351 433 10.8

Ethanol 24. 55 343 436 1

Dimethyl-
formamide

36.71 314 505 1-6

a Data from ref. 16.

spectral shift was observed. Aluminum chelate 
compounds showed stronger fluorescence by 2〜4 
times than that of respective native compounds, 
but any relationship with a values of substituent 
group was not shown.

The effect of solvent polarity on the fluores
cence of the compounds are shown in Table 
3.
Showing no quantitative correlationships, these 
results can be interpreted at least qualitatively 
in terms of polarity of solvent and fluorescence

VI VII I
Scheme 2. The compounds relating to 2-anilinonicotinic 

acid.

Table 4. Effect of solvents on excitation and emission 

properties of aluminum-niflumic acids at the concen

tration of lOmcg/mZ.

Solvent
Dielectric
Constant0

Ex- 
max 
nm

E 거- 
max 
nm

Relative 
Fluorescence 
Intensity

Dioxane 2. 21 356 448 45-5

Chloroform 4.81 357 449 46.5

Ethanol 24. 55 353 445 43-5

Dimethyl
formamide

36. 71 350 450 12

Data from ref. 16.

Table 5. Excitation and emission properties of com

pounds relating to 2-anilinonicotinic acid in Dioxane.

Compounds
E^-max 
nm

Em-max 
nm

Relative
Fluorescence
Intensity

Nicotinic acid 一 — 一

2-Aminopyridine 300 346 212

2-Aminonicotinic 
acid

338 384 21€6

2~Anilinonicotinic 
acid

350 445 7

phenomenon of solute: red shift of maximum 
emission wavelength occurs with increasing 
dielectric constant of solvent and fluorescence 
intensity increase with decreasing dielectric 
constant of the solvent.

But effects of the solvent on the fluorescence 
characteristics of aluminum-niflumic chelate 
compound shown in Table 4 were different from 
바】at of ligand： relatively slight differences on 
both maximum excitation wavelength and 
maximum emission wavelength were shown and 
also on fluorescence intensities made no effects 
except dimethyformamide having the highest 
dielectric constant among the solvents studied.

Though fluorescence solvent effects are less 
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well known than ultraviolet absorption solvent 
effects and the effects of pH on absorption and 
fluorescence spectra, it may be assumed that 
effects of solvent on the fluorescence of the 
compounds were originated from the interac
tion of solvent and —COOH/ —NH functional 
groups of the compounds studied on both 
ground and excited state.

To figure out the possible fluorescence moiety 
of 2- (substituted anilino) nicotinic acids, fluo
rescence characteristics of compounds relating 
to 2-anilinonicotinic acid in Scheme 2 were 
examined and the results were shown in Table 5.

Nicotinic acid [VI] had no fluorescence, but 
2~aminopyridine [V], 2-aminonicotinic acid 
[VII] and 2-anilinonicotinic acid [I] were 
fluorescent compounds with maximum excitation 
and emission wavelengths of 300/346, 338/384 
and 350/445nm, respectively. And 2-aminoni
cotinic acid [VII] exhibited stronger fluores- 
cence intensity. '

No similarity between excitation and emiss
ion spectra and even between fluorescence 
intensities was found among the compounds 
studied.

As a result, 2- (substituted anilino) nicotinic 
acids might have not any particular fluorescence 
moiety but have the lowest excited singlet state 
of combined 兀,丸* configuration in measuring 
condition studied and also it was assumed that 
the carboxyl and amino groups were of critical 
for the fluorescence.
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