46 J. Chem. Eng. Dat2006,51, 46—50

Spectroscopic Determination of Acid Dissociation Constants of Some Pyridyl Shiff
Bases
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The acid dissociation constantski) of eight biologically active pyridyl Shiff bases were determined using a
UV —vis spectroscopic technique at 250.1 °C. The first acidity constants Ka) of the 2-[2-aza-2-(3-methyl-
(2-pyridly))vinyl]phenol @), 2-[2-aza-2-(3-methyl-(2-pyridly))vinyl]-6-nitropheno), 2-[2-aza-2-(3-methyl-(2-
pyridly))vinyl]-4-nitrophenol @), 2-[2-aza-2-(3-methyl-(2-pyridly))vinyl]-4,6-dinitrophenol)( 2-[2-aza-2-(5-
methyl-(2-pyridly))vinyl]phenol §), 2-[2-aza-2-(5-methyl-(2-pyridly))vinyl]-6-nitrophend), 2-[2-aza-2-(5-methyl-
(2-pyridly))vinyl]-4-nitrophenol 7), and 2-[2-aza-2-(5-methyl-(2-pyridly))vinyl]-4,6-dinitrophen®) @re found

to be associated with the protonation of phenolate oxygen. The second acidity constaptsai@ found to
correspond to protonation of pyridine nitrogen for compouBd® and7 and oxoprotonation for moleculés 2,

3, 4, and8. The third acidity constants Ka3) are found to be associated with the protonation of pyridine nitrogen
for compoundd, 3, 7, and8 and amino protonation for molecul2sand5. For molecule€l and6, it is associated
with oxo protonation. The contribution of the ketoamino tautomeric form was found to be considerably important.

Introduction Experimental Section

Shiff bases have been used extensively as ligands in the field Materials and Solutions.The studied compounds (Table 1)
of coordination chemistry.One of the most important interest Were of spectroscopic grade, and the procedures of synthesis
is the use of Schiff bases in the photochromism and thermo- € described elsewheteMethanol, ethanol, glycine, KOH,
chromism, which originate from the proton transfer from the H250s HC1, CHCOOH, CHCOONa, NaOH, KHPOs, Na-
hydroxyl O atom to the imine N atom in the solid staté. COs, NaHCQ, NaCl, methyl orange indicator, phenolphthalein
Proton transfer reactions in Schiff bases have been studiedindicator, and standard buffer solutions were from Merck and

extensively both experimentally and theoretically in the last three Were not purified further.

decade&-13 The charge transport occurs although overlapping  APParatus pH measurements were performed using a glass
intramoleculer proton transfer may also be a basis for the €lectrode. Standard buffer solutions of pH values of 1, 7, and
development of molecular switch&The growing interest in 14 were used in the calibration of the Corning p_H/|on analyzer
orthohydroxy Schiff bases has been observed lately due to their320 M and the Ohaus Advanturer balance; a Shimadzu UV2101

ability to form intramolecular hydrogen bonds by-electron PC UV-vis scanning spectrometer was used for measurements.

coupling between the acitbase center$8 Such systems are Procedure Acid solutions were p;epared withB0; (wiw)

. " . . . 0 i -

interesting both from the theoretical and the experimental point (0'|0Q49 to 96% HZS(;“) .'rr‘] ’\\/lvate|_r|. 'llihe Cl:Q flree4 ngH

of view 1516 The intramolecular proton transfer reaction proceeds S° utlonszgvere prepared with NaOH pe ets.( to 16. )
comparatively easily in these compounds. Intramoledikatec- in water?® pH solutions were prepared with various reagents

: . (pH 1 to 3 buffer solutions, 0.1 to 0.3 mdm=3 HC1 + 0.3
::\otr;"cso:ﬂltr;%lzgds to the strengthening of the hydrogen bonds mol-dm 3 glycine: pH 4 to 6 buffer solutions, 0.2 mdi 3

o o ] ~ CH3COOH + 0.2 motdm™3 CH3;COONa; pH 7 to 8 buffer
The acid dissociation constants have been used in varioussg|ytions, 0.2 metim=3 KH,PO, + 0.2 mokdm~3 NaOH; pH

areas of research, such as stereochemical and conformationa2 o 13 puffer solutions, 0.1 malm3 NaOH)2° The poten-

structure determinatior?§;* the directions of nucleophilic and  tjometric measurements were performed by measuring the
e|eCtI’OphI|IC attaCk, the stabilities of |ntermed|ates, the size of hydrogen ion concentration (under nitrogen atmosphere) at 25
activation energies in organic reacticggind the determination £ g1 °C, and ionic strengths of the media were maintained at

of the active centers of enzymes in biochemigérifollowing 0.1 using NaCl.

our work on imidazoles and pyridazinorés> we are now Spectrometry is an ideal metif8dvhen a substance is not

reporting on the acid dissociation constants of some biologically soluble enough for potentiometry or when it& pvalue is

active Schiff bases to elucidate structdreactivity relation- particularly low or high (e.g., less than 2 or more than 11).

ships. Depending on the direct determination of the ratio of the
molecular species, that is, the neutral molecules corresponding

* Corresponding author. Tel.:-90 222 239 37 50, ext. 2352. Fax:90 to the ionized species in a series of nonabsorbing buffer solutions
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8 Afyon Kocatepe University. were used! Thus, for determining the acid dissociation constant
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Table 1. Formulas and IUPAC Names for the Studied Compounds 18

R2 R3
CH=N42j>—R4
\_7
R! OH
compd IUPAC name R R? R3 R*

1 2-[2-aza-2-(3-methyl-(2-pyridly))vinyl]phenol H H GH H

2 2-[2-aza-2-(3-methyl-(2-pyridly))viny#6-nitrophenol NG H CHs H

3 2-[2-aza-2-(3-methyl-(2-pyridly))vinyt4-nitrophenol H NGQ CHs H

4 2-[2-aza-2-(3-methyl-(2-pyridly))vinyt} 4,6-dinitrophenol NG@ NO; CHs H

5 2-[2-aza-2-(5-methyl-(2-pyridly))vinyl]phenol H H H GH
6 2-[2-aza-2-(5-methyl-(2-pyridly))vinyl]-6-nitrophenol NO H H CHs
7 2-[2-aza-2-(5-methyl-(2-pyridly))viny# 4-nitrophenol H NQ H CHs
8 2-[2-aza-2-(5-methyl-(2-pyridly))vinyl]-4,6-dinitrophenol NO NO; H CHs

of very weak bases, solutions of knowty (designed for k
SOy take the place of the buffer solutions mentioned above.
For the protonation of the anion of a strong acid, which yields
the neutral molecule, the functidh_(designed for NaOH) was
used®® This scale was constructed by the use of optically
absorbing acids just as bases were used foHthscale. As a

measure of the acidity degree to which a weak organic base is

protonated, Hammett and Deyrup established keacidity
scale3? This scale was improved by Jorgenson and Ha#ter
and then Johnson et #lFor a weak base B, which ionizes by
simple proton addition, théd,, H_, or pH values at half-

protonations were measured for several compounds during the

course of the present work, using the U\is spectrophoto-
metric method of Johnson et®&IThis method takes into account
any effect of the medium on the wavelength of the maximum
UV absorption and the corresponding extinction coefficient. This
effect is particularly significant at high acidities. The protonation
of a weak base can be defined as follaifs:

HX + SH=X + SH, @
where SH is the solvent. Then the equilibrium constant might
be expressed in terms of concentration and activity coefficient:

_ Agasyp+

K
& gy

wherea = cy; a = activity constanty = activity coefficient;
€ = concentration:
_ X1

_ M,
é [HX] ’J/Hx H

Fiihx)

@)

Therefore, the Ka value can be rearranged as follows:

[HX]

(X]

whereHy is an acidity function. Théd, scale is defined such

H, = —log h, = pK, — log 3)

Therefore, an experimental plot of ldggainstH, does not
yield the K, at log1 = 0, unless it is a Hammett base, but
rather theH, at half-protonationKi~'%). The general eq 3 may
therefore be applied:

log | = m(HY? — Hy) 4
log I = mH? — mH,
log | = —mH?+ pK, and for logl = 0
It is follows that
pK, = mHg” ®)

Generally, those bases for whiahlies roughly between 0.85
and 1.15 are called “Hammett bases”, ands taken as unity.
Therefore, it is important to measure as well as the half-
protonation value oHX? for each base studied.

It is evident that yet other acidity functions could exist at the
extreme alkaline edge of the pH range, namely, above pH 14,
for measuring the I§; values of weak acids and strong bases,
the former with arH__ scale and the latter withtd, scale. This
is a more difficult region of pH than the acidic strength dealt
with in the foregoing, insofar as the glass electrode becomes
increasingly inaccurate and strong OBbsorption swamps the
reading. It is well-established that the basic properties of aqueous
alkalies increase in nonlinear fashion with concentratfofhe
use of H_ in highly alkaline solution was described in the
literature?-42 The sigmoid curve approach (see below) should
be carried out carefully in this region to make sure that the
function being used is a relevant one. Any discussion about the
acid dissociation constants in this region should be done by
taking the half-protonation values rather than th& palues.

The general procedure applied as follows: a stock solution
of the compound under investigation was prepared by dissolving
the compound (about 10 to 20 mg) in water or sulfuric acid of
known strength (25 mL) in a volumetric flask. Aliquots (1 mL)

that, for the uncharged primary aniline indicators used, the plot of this solution were transferred into 10 mL volumetric flask

of log | (i.e., log([BH"]/[B])) againstH, has unit slope. It was

and diluted to the mark with sulfuric acid solutions of various

observed from work on bases other than the Hammett type thatstrengths or buffers of various pH. The total mass of solution

the slopes of the plots of logagainstH,, donated bym, were

not always unity. Thus, series of structurally similar bases, like
triarylmethanols® primary amide¥-28 and tertiary aromatic
amine$® defined individual acidity functionsHg, Ha, andH,),
which have a linear relationship td, with m values of 2.0,

in each flask was measured, and the mass percent of sulfuric
acid in each solution was than calculated knowing the mass of
sulfuric acid added and the total mass of the final solution. In
the case of buffer solutions, the pH was measured before and
after addition of the new solution. The optical density of each

0.6, and 1.3, respectively. Yates proposed that any acidity solution was then measured in 1 cm cells, against solvent blanks,

functionHyx would be proportional tdl, over the entire acidity
range, that isHy = mH,, with a common poinH, = 0.4°

using a constant temperature cell-holder Scimadzu UV2101 PC
UV —Vis. A scanning spectrometer was thermostated &5
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Table 2. UV Spectral Data and Acidity Constants (fKa1) of 1—8 for 600
Proton Loss (or Phenolate Protonation) Process
spectral maximuni/nm acidity measurements 500
neutral speciés anior?
compd (log €max) (log €max) Alnm PKad core PR Lad
1 301.20(3.85)  377.40(3.77) 256.6 7.3Z9.0000 0.993 400 M
256.20(4.08)  268.40(3.92)
2 425.60(4.11) 418.00(3.76) 410.0 5.5¥8.0140 0.998
291.40(4.12)  286.00(3.91) 300
3 391.40(4.04) 403.00(4.25) 403.0 7.6830.0000 0.996 Emax
293.60(3.76)  281.80(3.79)
4 361.40(4.30) 361.40(4.18) 299.6 7.31M.0000 0.998 .
300.80(4.08)  286.00(3.93) 200 -
5 310.00(3.79) 377.60(3.94) 377.6 9.33.0000 0.942
255.80(4.00)  267.00(4.05) L PR 4
6 411.60(4.07) 409.40(4.05) 300.0 6.234.0004 0.979 100 -
295.40(3.96)  290.80(3.94)
7 388.40(4.13) 403.20(4.22) 410.0 7.1640.0000 0.915
359.20(4.11)  217.40(3.71)
8 361.60(4.27) 361.40(4.27) 309.0 6.888.0001 0.997 0 ' '
296.80(3.97) 0 5 10 15
aMeasured in pH= 7 buffer.® Measured in pH= 14 buffer.© Analytical PH

Figure 1. emaxas a function of pH (303.60 nm) plot of molecule 1 for the
first protonation.

wavelength for K, measurements.pKa; value & uncertainties refer to
the standard errof.Correlations for log as a function of pH graph.

(to within & 0.1 °C). The wavelengths were chosen such that free base (OB, optical density of free base) at an acidity were
the fully protonated form of the substrate had a much greater then calculated by linear extrapolation of the arms of the curve.
or a much smaller extinction coefficient than the neutral form. Equation 6 gives the ionization ratio where the ¢yXthe
The analytical wavelengths, the half-protonation values, and the Observed optical density) was in turn converted into molar
UV absorption maximums for each substrate studied are showneXtinction eons using Beers law of OB= ¢bc (b = cell width,
in Tables 2 and 3. cm; ¢ = concentration, medm-3):

Calculations of half-protonation values were carried out as
follows; the sigmoid curve of optical density or extinction | = [BH'] — (ODgps — ODy) — (€obs — €1n) (6)
coefficients at the analytical wavelength (OD) was first [B] (OD,,— ODgpd  (€ca— €opd
obtained (Figure 1). The optical density of the fully protonated
molecule (OR, optical density of conjugated acid) and the pure The linear plot of log againstHy or pH, using the values 1.0

Table 3. UV Spectral Data and Acidity Constants (Kaz, pKag) of 1—8 for the First and Second Protonations

spectral maximuni/nm acidity measurements

neutraf species monocatiof dicatiorf
compd (log €max) (log €may) (log €may A%nm H1/2e m pKaF pKad cort
1 377.00(3.85) 303.60(3.94) 303.6 6.590.15 0.58 3.82 0.98
269.00(4.10) 256.20(4.08)
303.50(3.79) 382.00(3.20) 290 —6.29+ 0.05 1.05 —6.60 0.98
256.50(3.94) 288.00(3.90)
2 425.60(4.11) 346.80(3.94) 346.8 5.220.08 0.50 2.66 0.99
291.40(4.12) 297.80(4.24)
347.00(3.91) 391.20(3.72) 390 —6.97+ 0.07 1.27 —8.85 0.97
297.50(4.20) 263.60(4.13)
3 391.40(4.04) 303.00(4.23) 293.6 5.410.08 0.65 3.65 0.97
293.60(3.76) 233.40(4.33)
303.00(4.23) 264.20(4.31) 264.2 —8.46+0.06 0.74 —6.26 0.99
233.60(4.33)
4 361.40(4.30) 345.60(4.03) 361.4 1.160.05 0.63 0.73 1.00
292.80(4.08) 299.60(4.25)
347.20(3.77) 336.60(3.58) 347 —7.23+0.05 0.41 —2.96 1.00
299.40(3.93) 331.00(3.59)
5 302.80(3.79) 311.00(3.59) 311 7.350.07 0.95 6.98 0.97
255.80(4.00) 256.00(3.72)
311.80(4.03) 399.00(4.38) 256 —5.71+ 0.04 1.23 —7.02 0.98
256.00(4.16) 290.00(3.71)
6 411.60(4.07) 310.20(4.24) 310.2 6.440.05 0.80 5.15 1.00
295.40(3.96)
309.80(4.20) 390.80(4.20) 339.0 —7.68+0.09 0.72 —5.53 0.98
7 388.40(4.13) 308.40(4.43) 387.2 4%70.012 0.70 3.20 0.97
359.20(4.11)
308.80(4.26) 266.00(4.39) 266 —9.16+ 0.09 0.43 —3.94 0.97
234.60(4.34)
8 361.60(4.27) 309.00(4.25) 361 0.950.09 0.52 0.5 0.98
308.60(4.02) 340.80(3.62) 308 —6.13+ 0.08 0.84 -5.15 0.99

232.80(4.31)

259.20(4.15)

aMeasured in pH= 7 buffer solution.? Measured in 98 % k8Qy. ¢ Measured in pH= 1 buffer solutiond The wavelength for g, determination® Half
protonation valuet uncertainties refer to the standard erid@lopes for log I as a function of pH (or acidity functiéfy) graph.9 Acidity constant value
for the first protonation” Acidity constant value for the second protonatib@orrelations for lod as a function of pH (oH,) graph.
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15 possible protonation patterns of the studied compouield
were depicted in Table 1 and in Scheme 1, respectively.
10 1 Depronation.The electronic absorpation spectra and obtained
acidity constants for deprotonation (i.e., protonation of phe-
05 - noxide ion) process are depicted in Table 2. The proton-loss
’ acidity constants (8a1) have values that range from 5 to 9 and
are exposing lower basicities than that of some similar Schiff
log7 00 , ' 1 T pH bases such as salicyl aldehyde, whokgyalues were reported
2 4 6 8 10 to be about 92 The lower basicities (or the higher acidities) of
05 1 % the studied compounds—8 with the exception o can be
attributed to the presence of the strong electron-withdrawing
10 nitro groups. The decrease of the basicity3p#, 7, and8 is
’ presumably due to the presence of the nitro group in para
N position of the phenol ring. Taking the first protonation (i.e.,
-1,5 1 phenolate anion) or deprotonation values into account, we can
put the studied compounds in a decreasing basicity order as
20 follows:
Figure 2. pH as a function of lod (303.60 nm) plot of molecule 1 for the
first protonation y = —0.582% + 3.8421,R? = 0.9799). Molecule: 5 3 1 4 7 8 6 2
PKai 931 > 7.64 > 7.38 > 7.31 > 7.16 > 6.89 > 6.23 > 5.58
<log!| < 1.0, had slopen, yielding half-protonation value as Decreasing basicity ——————»
HY2 or pHY2 at log | = 0 (Figure 2). ThepK, values were _ _ o _ _
calculated by using This order. of degreasmg basicity seems logical when one thinks
about the inductive electron-donating effect of the methyl group
PK, = mH)l(/z (or le/z) @) and strong electron-withdrawing effect of the nitro group. The

drastic decrease in basicity power farand 6 might well
originate from the hydrogen bonding between the hydrogen atom
of hydroxyl (—OH) group and minus charged oxygen atom of
A major difficulty in obtaining reliable values for the the nitro (G=NT—0O") groups, which are located next to each
protonation constants of the Schiff bases of salicyl aldehyde other (i.e., ortho substituted) (Figure 3).
with heteroaromatic amines is due to their low solubility and Protonation. The UV spectral and protonation data of the
possible hydrolysis in aqueous solutions. Therefore, it is studied compound4—8 are shown in Table 3. Obviously,
necessary to work at low concentrations, and pH values shouldsubstitution of the imino nitrogen on the pyridine ring at position
be neither extremely low nor extremely high. This poses some 2 leads to a drastic decrease in the basic character of this group
limitations on the choice of the method. The spectrophotometric due to close proximity of the electron-withdrawing pyridine
method seems to be the most convenient one. The names anditrogen and the basicity of pyridine increases.The sequence of

Results and Discussion

Scheme 1. Possible Protonation Pattern for Studied Molecules—B

H H /=
Kag C—N—\ / R*
R R3 Rr? 3 / ) + N
H — H Hz - 4 X R O+H
C=N— )R C-N— /R
N 7 * N Kas R? R3
1
o} R 0]
= \\\\ H E@R“
K Xl a \
H*1 Kat V/ a2 ) *HN /

R
R? R® R? R® RO
H = K HH /~
c=N—OR4 S C—NOR“
N N R? R®
1 1
R'" OH R' 0 WH =
XIl C-N—Q R*
Kaz/l Kaz\u Ka2/ i Kaz\lv -
/ R' OH *
RZ R3 2 R3 2 3 2 3 Kas +
H HH /~ H = H =
N R* c=NO—R4 c—NOR“ C-N— R*
HN N N HN Xill
R'" OH * R' OH R’ OH R' © R2 R3
\\\\ CH,‘—N \_ R*
VI\Kas VII//Kas Ka3/V||| Kaa\lx Kas WN—7
a R' O +
R2 R3 2 R3 2 3
H — 4 H H2 /= . = .
C=N—\ / R C—N—\ / R C—N—\ / R
+ HN + N HN
R'" OH + R' OH R'" OH +
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R3 (15) Roswadowski, Z.; Majewski, E.; Dziembowska, T.; Hansen, P. E.
Deuterium isotope effects oiC chemical shifts of intramolecularly
- 4 hydrogenbonded Schiffs basdsChem. Soc., Perkin Trans999 2,
CHN—\ /R 2809.
+ N (16) Zgierski, M. Z. Theoretical study of photochromism\eBalycylidene-
— 0 a-benzylamineJ. Chem. Phys2001 115 8351.
'\- / (17) Filarowski, A.; Koll, A.; Glowiak, T.; Majewski, E.; Dziembowska,
T. Proton-transfer reaction iN-methyl-2-hydroxy Schiff base®er.
) . Bunsen-Ges. Phys. Che#®93 97, 393.
Figure 3. Intramolecular hydrogen bonding. (18) Koll, A.; Rospenk, M.; Jagodzinska, E.; Dziembowska, T. Dipole
moments and conformation of Schiff bases with intramolecular
hydrogen bondsJ. Mol. Struct.200Q 193 552.

; ) P _ (29) Gilli, P.; Ferretti, V.; Bertolasi, V.; Gilli, G. A novel approach to
protonation changes and the first acidity constak(pof 1-8 hydrogen bonding theory. IrAdvances in Molecular Structure

may be associated with the protonation of the phenolate oxygen,  ResearchHargittai, M., Hargittai, I., Eds.; JAI Press: Greenwich
the second acidity constantg) may be associated with the CT, 1996; Vol. 2, p 667. _ o
protonation of the pyridine nitrogen, and the third acidity (29 g:g;"r']‘i'c gfru%ihr“él%?/?rllils‘icgi Jéihgggg%iki?%?gsml&?et\l/\(/)r\](o?fk
constant (3 may be associated with the protonation of the 1985, ' ’
imino group of enolimine. Looking at tha value, of the log (21) Chilton, J.; Stenlake. J. B. Dissociation constants of some compounds
acidity graphs, which are about 0.5, we can predict that the related to lysergic acid. Il. Ergometrine, ergometrinine and alkanol-
contribution of the ketoamino tautomeric form is important in ggi‘('jdzf]gf;'edér;}Z}%I.alg?:2?#{08'r?;r'rcnzgg'lgggeﬂylggéhydron'conn'c
moleculesl, 2, 3, 4, and8 and that these molecules protonate (22) Johnson, C. DThe Hammett EquatiorGambridge University Press:
primarily at oxo group (path Ill). For moleculés 6, and7, Cambridge, 1973.

n ; (23) Frey, P. A.; Kokesh. F. O.; Wcstheimer, F. H. A reporter group at the
the slopes of the log acidity values are about unity and are active site of acetoacetate decarboxylase. |. lonization constant of the

indicative of pyridine nitrogen atom (path ). nitrophenol J. Am. Chem. Sod.971, 93, 7266-7270.
For the third pronation (ga.3), the slopes of lod acidity (24) Qgretir, C.; Berber, H.; Asutay, O. Spectroscopic determination of

i acid dissociation constants of some imidazole derivatile€hem.
groups (Table 3) are about unity for molecules3, 7, and8§, Eng. Data2001, 46, 1540-1543

indicating the pyridine nitrogen atom (path IX). They are about (25) Ggretir, C.: Yarligan, S.; Demirayak,. Spectroscopic determination

R2
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