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The IR spectra of a series of 2-substituted-6-hydroxy-4-pyrimidine carboxylic

acids (substituent = OH, SH, CH3, CH3S and NH2) were studied from the aspect of the

influence of the subsitutent on the polarizability of some bonds, keto-enol tautomerism

and hydrogen bond formation. The spectra were taken using solids due to the low

solubility of the acids. Theoretical calculations were done using the MNDO-AMI

semiempirical molecular-orbital method. The stabilities of various tautomers were

calculated simulating the dielectric continuum using the COSMO facility of the MOPAC

program package. Theoretical calculations were made for all the possible tautomers of

the 2-substituted-6-hydroxy-4-pyrimidine carboxylic acids. For the most stable isomers,

the vibrational spectra were calculated. For the majority of the compounds the most

stable isomer was identified having the structure 2-Y-6-oxo-4-carboxy-3H-pyrimidinc.

Besides this structure, for the 2-amino-, and 2-methyl- derivatives the zwitterionic forms

have very similar stability. The 2-hydroxy compound is most stable as the 2,6-dioxo-1H,

3H isomer. The calculated vibrations for the compounds with a single stable structure

correlate very well with the experimental frequencies. For the 2-methyl- and 2-amino-

compounds the correlation is considerably less satisfactory. The most probable reason

for this deviation is the existence of two or more tautomets in equilibrium. The

correlation of the mcasured frequencics and the pK, values of the acids, indicate that

the same tautomers exist in the solid state and in the solution.

Keywords: 1R-spectra, pyrimiding-4-carboxylic acids, calculation of vibrational fre-

quencies, AMI-MNDO.

INTRODUCTION

The interest in various pyrimidine carboxylic acids stems largely from their
pharmacological action, byt little work has been done on their spectroscopic
properties.! We undertook an investigation of the spectra of some 2-substituted-6-
hydroxy-4-pyrimidine carboxylic acids (YHPC), especially in the COOH frequency
region, which could offer an indication of the actual tautomeric form. The intention

* Dedicated to Professor Slobodan Ribnikar on the occasion of his 70th birthday
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was to study the effects of substituents in position 2 of the pyrimidine nucleus on
the spectral characteristics of YHPC and to correlate the IR frequencies with polar
substituent constants. The obtained results could be useful for a better understanding
of the reactivity of YHPC.

EXPERIMENTAL

The 2-substitutet-6-hydroxy-4-pyrimidine carboxylic acids (YHPC) (substituent Y =OH, SH,
CHa, CH3S and NH>) were synthesized by procedurcs reported in the literature® and their purity was
checked by elemental analysis and m.p.s.

The IR spectra were taken on a Perkin-Elmer 983G spectrophotometer using the KBr pellets
technique; about 150 mg of KBr per | mg of the sample. Only the solids were examined due to the
low solubilities of the acids, hence comparisons with dilute solutions could not be made.

Method of calculation

In many previous studies,” the MNDO procedure has proven itself to be reliable for the study of
molecular properties. The AM1 parameterization was used as a reliable method for atomic charges.™ " The
MOPAC program package, Version 7.01 was used. The optimized geometries of all the molecules were
obtained by the force field minima in vacuum, according to the AM I method. The effect of a dielectric
continuum with a corresponding dilectric constant was simulated using the COSMO model implemented
in MOPAC.” For the most stable tautomers, the vibration spectra were also calculated.

RESULTS AND DISCUSSION
YHPC may exist in various tautomeric forms I-X (Scheme 1) and may form
intra- and intermolecular hydrogen bonds of the type -NH---O=C~ or ~OH.-.O=C-.
Thercfore, the spectra of these compounds often are complex, and despite the
structural similarity of the compounds, the spectra do not show any common pattern.
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All the acids are highly associated in the solid state. The obtained bands in
4000-2500 cn1~! region have a complex structure, and, therefore, the attained bands
were numerically resolved. The low frequency of the N-H band, as well as the very
low frequency of the OH band, reflects the strong hydrogen bonding in the solid
state (Table T). The hydrogen bond is the strongest in the cases of substituent Y=H
or OH. In addition, the IR spectrum of Y=NH,, in this rcgion, is markedly different
from the spectra of the other YHPC’s, and the bands in the spectrum indicate very
strong hydrogen bonding. In the IR spectrum a strong, broad band in the region
3700-2500 cm™! is evident. Only the compound with Y=NH, has a strong band at
3321 cm™!, which is assigned to v(NH,--OH). On the other hand, the CH3 and CH;3S
substituted acids have specific spectra with less pronounced hydrogen bonding.
(Reduced tautomerism).

TABLE I. Characteristic IR frequencies (cm™') of 2-substituted-6-hydroxy-4-pyrimidine carboxylic
acids in the 4000-3100 em™! region

Substituents

Vibrational
assignment SH CHj CH;3S OH " H NH,
V(OH) 3560(w) 3533(w) 3529(w) 3512(w) 3520

V(OH-.-0)  3430(w) 3423(w) 3419(w)  3417(m) 3441(s)

V(OH.--0) 3330(m)

V(OH--0)  3200(m)  3250(w)  3212(w)  3233(m)  3247(m)

V(NH,---H) 3321(s)
Hstretch  3107(s) 3100(m)  3113(m) 3159(s) 3120(m)
H stretch 3055(m) 3030(s)

V(OH.-0)  2943(s) 2929s)  2933(m) 2957(s)

V(OH---0) 2843(m)  2809(m) 2799(s) 2780(m)

Vv(OH---0) 2611(m) 2569(w.b) 2590(m) 2486(m) 2627(s) 243%4¢h)
V(OH---0) 2486(m)
V(OH--.0)  1906(w)  1982(u.4) 1850(wb)  1912(s)  1960(mb)

In the 18001400 cn~! region, bands due to the stretching vibrations of C=0,
COO~, COOH groups, ring vibrations, as well as bending vibrations of the N-H
bonds, are to be expected. The variation in the frequencies of the key bands with
change of polar character of the bonds and various spcial interactions make the
appearance of these bands large and well-structured, so different assignments are
possible. Furthermore, the intensities of the ring vibrations depend on the equilib-
rium between different tautomeric structures. Therefore, the bands recorded in this
region (1800-1500 cnr!) have a complex structure. So, the attained bands arc
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resolved and the Lorentz-Gaussian function was employed for deconvolution of the
bands. An example is shown in Fig. 1. On the basis of the band areas, an estimation
of the intensities of the bands was made. The frequencies and the intensitics of the
derived bands are listed in Table II. Beyond the basic assignments of the COOH,
C=0 and COO~ groups it is difficult to interpret further details of the complex
infrared spectra.

A marked similarity exists in the 1800-1400 cm™! region of the spectra of the
acids with Y=CH; and CH;S. The bands at 1705 cmr! and 1681 cm™! (Y=CHj; and
CH,3S, respectively) are related to the stretching frequencies of the lactam C=O
group. The lack of a band at about 1733 cm! and the presence of a strong band
related to the carboxylate anion indicate that the carboxyl is to a high degree
dissociated. Therefore, it is safe to assume that in the solid state these acids are
predominantly in the tautomeric form X.

TABLE I1. Characteristic IR frequencies (cm™) of 2-substituted-6-hydroxy-4-pyrimidine carboxylic
acids in the 17501500 cm! region

Vibration Substituents
assignment SH CH,4 CH;S OH f NH,
w(C=0) 1733(m) 1746(w) 1735(sh) 1723(m) 1733(s) 1730(sh)
1714(w) 1718(sh) 1703(n1) 1712(m) 1725(sh)
V(C=0)ring  1660(m) 1705(vs) 1681(s) 1680(m) 1686(m) 1681(vs)
v(COO )* 1641(s) 1648(m) 1654(m) 1647(s) 1664(s)
1631(m) 1673(s) 1645(m) 1647(w)
1628(m)
VNHYHng oo 1606(vs)  1613(w)  1607(m)  1607(m)
vibrations
1587(w) 1586(w) 1573(w) 1580(w) 1583 (1)
1556(s)

*Carboxylate vibrations could arise from zwiticrionic forms. Otherwise. the splitting of the carbonyl vibrations
results from the lattice effect in solid state

It should be noticed that the spectrum of YHPC with Y=NH, shows in this
region a strong band. Due to the mentioned intermolecular interactions of the
functional groups, the broad band in this region is symmetrical.
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The spectra of the acids with Y=H, OH or SH are more complex. This can be
explained in the case Y=OH and SH by the fact that the OH and SH groups arc
capable of prototropic change enabling the possibility of more tautomeric structures,
and giving rise to increased electron availability at the' nitrogen atom, which
facilitates tautomeric change. The strong band at about 1730 cm™ of the carboxyl
carbonyl, the presence of the lactam band, as well as the bands of the carboxylate
anion, indicate an cquilibrium between structures VI and X for Y=SH and OH, and
equilibrium between structure V and X for Y=H.

For the explanation of the experimental data, quantum chemical calculations of
the vibrational frequencies were performed. The possible tautomeric forms of 2-sub-
stituted-6-hydroxy-4-pyrimidine carboxylic acids are given in Scheme 1. The values
of the enthalpies of formations calculated for the possible tautomers are given in Table
111. Additional zwitterionic structures for the 2-amino derivative are given in Scheme 2.
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Fig. 1. Infrared spectra of YHPC in the 1800-1500 em”! range: a) Y=H, and b) Y=CH3S. The verti-
cal bars are (not scaled) theoretical values. Their height is proportional to the calculated transition
dipole. The dashed lines are result of numerical deconvolution of the experimental curve.
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Fig. 2. Correlation of the experimental and the calculated frequencies of two tautomeric forms of 2-
methyl-6-hydroxy-4-pyrimidine carboxylic acid.

The analysis of the calculation results leads to the same conclusion as those
obtained from the analysis of the IR spectra. In the case of YHPC (Y=CHs), very
similar values of A¢Hl are obtained for structures V (+=0.953) and X (r=0.996).
Compared with the spectral data, structure V is less probable due to the absence of
the carboxyl carbonyl band in the spectrum.

The calculated data are also in agreement with the proposed structure on the
basis of the analysis of their IR spectra for Y = CH;3S (r=0.984). Concerning the
heat of formation of 6-hydroxy-4-pyrimidine carboxylic acid, the similar values for
the structure V (+=0.966) and X (r=0.964) arc in accordance with the equilibrium
proposed on the basis of their IR spectra. For the acids with Y = SH or OH, the
calculated values favor structure VI.
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Fig. 3. Correlation of the cxperimental and the calculated frequencics of four tautomeric forms of 2-
amino-6-hydroxy-4-pyrimidine carboxylic acid. V, 1=0.998; X, r=0.97&; XI, =0.950; X1, r=0.992.
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Fig. 4. Correlation of the experimental frequencies of the amide carbonyl group in 2-substituted-6-
hydroxy-4-pyrimidine carboxylic acids and the pKy values of the acids (+=0.995). The value for

Y=NH3 is lacking because of its poor solubility in water and DMSO.

TABLE IIl. Enthalpies of formation (kcal/mol) for the tautomers of 2-substituted-6-hydroxy-4-
pyrimidine carboxylic acids in polar dielectric medium

Substituent

Struct.
SH CH,3 CH,3S OH H NH,
1 —100.020 -108.192 -105.538 —122.209 —102.893 -101.538
11 -96.628 -148.571 -88.109
i1 —96.585 -150.462 -88.726
v —105.573 -99.792 -105.939 -144.760 —105.334 -106.676
v -95235 -108.387 ~110.751 -151.580 -112.408 -112.004
VI —111.908 -162.207 —101.084  Struct.
Vil —88.445 -103.349 -95.723 -139.557 -96.661 -95.324 XI -105.031
Vil 85307 196.955 -94.834 —141.064 -94.727 -97.533 Xl -98.770
IX —86.969 —150.540 T 83494 Xm  -108.382
X —91.631 —111.087 —101.263 -141.205 -109.466 -108.658  XIV -96.101

There is many reports that the calculated vibrational spectra are fairly close
to the experimental ones, after inclusion of a scaling factor.® A comparison of the
experimental spectra and the theoretically calculated vibrations (without scaling) is
given in Fig. 1. For the acids which have a single stable structure (Y= SH, OH, CH3S
and H) there is very good corrclation between their calculated and measured IR
spectra. For acid with Y= CHj the correlation of the calculated spectra for the forms
V and X are shown in Fig 2. The much better correlation for the X form indicates
the dominance of the zwitterionic structure. A similar correlation for 2-amino-6-hy-
droxy-4-pyrimidine carboxylic acid (Fig. 3), is in accord with the assumption that
forms V (r = 0.998), X (r = 0.978) and XIII (r = 0.992) exist in equilibrium.
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For the bands of the C=0 lactam group, a linear correlation (Fig. 4) of band
frequencies and pK, values of the acids!” has been found, too:

v=1467.8+30.6 pK, r=0.995

CONCLUSION

On the basis of the theoretical calculations and the analysis of the IR spectra
of 2-substituted-6-hydroxy-4-pyrimidine carboxylic acids, the most probable ta-
utomeric forms of the acids in the solid state have been proposed. The good
correlation of the calculated and experimental IR frequencies of the three bands of
the carboxylic groups, as well as of the experimental frequencies and pK,, values of
the acids, indicate that the relative stability of the tautomers in solutions is the same
as in the solid state. Moreover, the comparison of the experimental and the calculated
vibrational spectra enables a reliable prediction of the structure of the investigated
molecules.

U3BON

WH®PALIPBEHU CITEKTPU HEKUX 2-CYTICTUTYUCAHMX 6-XUIPOKCH-4-
MUPUMUINH KAPBOKCUIIHHUX KUCENTMHA. KOPETALIMIA CA MO-
WN3PAYYHABABVMA

TbYBUHKA J. FOIYHOBHWR. YBABKA B. MUOU> BPATUCIIAB X. JOBAHOBUT' 1
MBAH O. JYPAHUTR®

Texnonouwo-memanypuin axyaificiti, Ynusepauiie y BeoZpady, ii. iip. 494, 11001 Beozpad, Paxyaimiein sa
uaiiny vemujy, Ynusepauiticm y Beoipady, ii. iip. 137, 11001 Beoipad u 3 Xemnjex paxyaificii, Ynusepsuitieiit v
Beozpady, i iip. 158, 1100] Beoipad

IC cnekTpu cepuje 2-CYNCTUTYHCAHHX 6-XMAPOKCH-4-IIHPUMUIMH KapOOKCHJIHHX Ku-
cenuna (cyncrutyent = OH, SH, CHa. CH3S u NHz) npoyuasaHm Cy ca acnekTa yTuuaja
CYNCTHTyeHATa Ha NOapu3a6UITHOCT HEKUX BE3a, KETO-EHOMHY TayToMepHjy i (opmupare
BOJOHUUHUX Be3a. CHUMIbEHH CY CNIEKTPH {BPCTHX Y30paKa 3060r Maie pacTBOPILUBOCTH
kucenmuHa. Teopujcka H3pauyHaBama ypabeHa Cy NpuMEHOM MNDO-AM1 cemuemMnuphjcke
MOTEKYJICKO-0pGUTante Meroac. CTaGUIHOCT pas/ uTHX TayTOMEPa uspatyHara je cumy-
NAUMjOM JHENIEKTPUTHOT KOHTHHYYMa kopuwhrem COSMO npouenype y MOPAC nporpam-
ckoM nakery. Teopujcka u3patiyHasamwa Cy W3IBpILIEHA 3a CBC moryhe TayToMepe 2-cyncra-
TYHCAHMX 6-XH[IPOKCH-4-MMPHMHU/IMH KapGOKCUITHUX KuceuHa. 3a HajcraGuTHUje U30Mepe
u3patyHaTh Cy BAOpauuony criekTpu. 3a sehuuy jenumbetba MACHTH(MKOBAIL je CAMO jesaH
HajcTaGuIHKjK M30Mep, OHaj KOjH HMa CTPYKTYPY 2-Y-6-0kco-4-kapGoxcu-3H-nMpUMUEHA.
Tlopes oBE CTPYKTYPE, 33 2-aMHHO-, i 2-MCTHJI- A\CPHBATC UBHTEPjOHCKH OBIHIIM MMajy CIIH'IHY
CTaGUITHOCT. Je/MICHHE 2-XMIPOKCH- je HajcTabuHuje Kao 2,6-nuokco-1H, 3H usomep. U3pa-
qynate BUGpALM]E 32 jCAHMCHA €A JEAHOM CTAGUITHOM CTPYKTYPOM KOPENHLIY BEOMA n06po
ca excriepuMcHTAaMHEM (pekseHiama. 3a 2-MeTHI- 1 2-aMHHO- jeNdhera Kopenaumja je
JHATHO MamC 3a0B0baBajyha. HajseposaTHH]M pa3sior 3a OBO OJICTyNAE je nocrojame /iBa
WTH BUUIE TayTOMepa ¥ paHoTexu. Kopenauuja msmepeHux (ppekBeHIi 1 pKa BpeaBOCTH
KuCeNMHA TIOKa3yje ia Cy HCTH TayTOMEPH IPUCYTHU Y MIBPCTOM CTatby 1y pacTBopy.

(MpunbeHo 27. okToGPa 1999. pesnmpano 22. ¢peSpayapa 2000)
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