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Abstract—Phenyl substituents in positior®s 4, and5 of the oxazole ring exert different effects on the elec-
tronic structure of the heteroring, which are reflected in the basicity constants of isomeric phenyl-substituted
oxazoles and in changes of the spectral patterns on protonation. The calculated (AM1) gas-phase proton
affinities and energies of ionization of isomeric methyl-, phenyl-, and methylphenyloxazoles were correlated
with the experimental ig,+ values. In acid medium specific solvation of phenyloxazoles is possible with
participation of the heterocyclic fragment.

The basicity of aromatic nitrogen-containing In the present work we determined by spectro-
heterocycles is an important problem of moderrphotometry the basicity constants of phenyl-substi-
heterocyclic chemistry, which is far from being tuted 1,3-oxazoles: 4-phenyloxazolg, (2,4-diphenyl-
solved. There are some published data on protolytioxazole (I), 2-methyl-5-phenyloxazolell] ),
equilibria of 1,3-oxazoles. Haake and Baucher [1R-methyl-4-phenyloxazolelY), and 5-methyl-2-
were the first who tried to determineKpg,+ values phenyloxazole ). These derivatives contain phenyl
for compounds of this series by potentiometric titra-groups in different positions of the heteroring and are
tion. With three oxazole derivatives as examples isufficiently stable to perform necessary spectral
was found that the oxazole ring is protonated in théneasurements in acid solution.
pH region of ~1. Later on, Brown and Ghosh [2]
determined the basicity of a series of 1,3-oxazoles, Rr® \ Kpi+ R? -
including the unsubstituted compound, by spectro- | J\ + HY ——= @)\
photometry. Shvaikeet al. [3] studied the basicity R*7 07 R 3S07NR!
of a series of 2,5-diaryl-1,3-oxazoles. Finally, Kenny I-XXIT
[4] estimated on a quantitative level the acceptor
power Kp) of oxazole ring with respect to ptoton in  The pasic center in 1,3-oxazoles is the pyridine-like
hydrogen bonding. nitrogen atom [5]. Protonation of the oxygen atom

Nevertheless, quantitative data on the basicity ofvhich also possesses a lone electrone pair is improb-
1,3-oxazoles cannot be regarded as comprehensive falle, for the resulting cation is extremely unfavorable
the following reasons. The known publications arefrom the thermodynamic viewpoint. This was shown
fragmentary, in some cases published data are copreviously for furan derivatives which are protonated
tradictory, and Kg,+ values were calculated with mainly at carbon atoms [6, 7]. According to calcula-
no regard to the modern concept of quantitativeions, protonation of oxazoles at the oxygen atom is
comparison of weak organic bases. As applied tby 50-60 kcal/mol less favorable than protonation
some models, inappropriate experimental methodat the nitrogen atom [8, 9].
were used. For example, spectrophotometric method Table 1 contains Igg,+ values calculated by Eq. (1)
was applied to determine basicity constants of com(for organic bases which are protonated in the pH
pounds with an absorption maximum &t< 200 nm  range from 0 to 14) and Eq. (2) (for weak bases which
or potentiometric titration was used in the pH regionare protonated in the acidity range described by the
below unity. Most publications lack detailed informa-acidity function H,; Yates-McClelland equation)
tion on spectral measurements and methods of cdlt0-12]. In these equationg, is the ionization ratio
culation of basicity constants. determined according to the Stewdstranger rule
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Table 1. Basicity constants of oxazolek-V in aqueous solutions, calculated by Egs. (1) and (2)

Comp. Parameters of Eqgs. (1) and (2)
no. %, nm
PR PKeH m r n
I 230 -0.51+£0.09 -0.37 0.72 0.97 6
Il 305 -0.04+£0.04 -0.04 1.05 0.99 8
1] 270 2.13+0.07 1.28 0.60 0.98 6
v 235 1.10+0.09 0.91 0.83 0.97 8
\% 290 1.94+0.07 1.41 0.72 0.98 8

Table 2. UV spectra of free bases and conjugate acids of phenyl-substituted 1,3-oxb2élesaqueous solution

Comp. Base Conjugate acid
M0 | dme TM € ImolLentd) | Hy (H,S0, Wt %) | A NM € I moltentd) | Hy (H,SO, wt %)
| 241 (9650) ~0.03 (5.24) 238 (10000) 245 (38.39)
I 273 (13700) pH 12 297 (17650) ~1.50 (25.7)
i 266 (18950) pH 3.7 261 (17600) 00 (4.8)
v 247 (12200) pH 2.6F 241 (13900) 0.82 (15.8)
v 274 (14300) pH 4.4% 281 (15700) 0.82 (15.8)

& Standard 1 N solution of sulfuric acid.
® Formate buffer.
¢ Phosphate buffer.

[11], and x and m are solvation coefficients for the The solvation coefficients for oxazoldsand V and
linear dependences of lbgversus acidity (pH,Hp). especially for oxazoléll are much lower than unity,
In order to avoid influence of the solvation coefficientwhich suggests specific protonation of the oxazole
on the basicity constant,Kg,+ was assumed to be ring as compared to typical Hammett bases [11].
equal to the ratio of the free term to the slope ofThis may be due to formation of intermediate solvate
Egs. (1) and (2) [12]. complexes [15].

Compoundd-V show different changes in the UV
spectra on protonation (Table 2). Protonation of
oxazolesll andV having a phenyl group in position
2 of the heteroring produces a strong red shift of the
absorption maximum and a small hyperchromic effect.

As follows from the data in Table 1, oxazoles are4-Phenyl and 5-phenyl derivativés Iil , and IV are
weak bases. The basicity constant of the oxazole ringharacterized by a small blue shift and slight variation
is by more than 6 order of magnitude lower than thedf the molar absorption coefficient (Fig. 1). Presum-
corresponding value for its analog containing onlyably, proton addition to 2-phenyloxazolés and V
nitrogen atoms, imidazole [13]. The position of theaffects the conjugated electronic system of the oxazole
phenyl group strongly affects the basicity constantdnd benzene rings most strongly.

In all cases 4-phenyl-1,3-oxazolés |, and IV are The UV spectral patterns of 2-methyl-5-phenyl-1,3-
weaker bases than 2- and 5-phenyl derivatives. Thigxazole (Il ) and 5-methyl-2-phenyl-1,3-oxazol&/

fact may be explained in terms of different modes oin strongly acidic medium (where the protonation is
w,T-conjugation between the heteroring and phenytomplete) change in a way typical of equilibrium
rings in positions4, 2, and>5 [2, 14]. According to our processes (Fig. 1). From the dependence of the molar
data, the basicity of 4-phenyloxazolB (s consider- absorption coefficient on the acidity of the medium
ably higher than that reported in [2] Kgy+ —1.21). we calculated by Eq. (2) the Hammett acidity function

logl = —xpH + pKpy+, PKeyt = PKgyx (1)

logl = -mH, + pKpyr, pPKgyr = pKgy/m. (2)
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20 - substituent effect on the basicity remained beyond
the scope of these studies. Theoretical estimation of
the substituent effect on the calculated PAs of some
1,3-oxazoles was performed only in [19].

We calculated by the AM1 method the enthalpies
of formation and ionization potentials of the free bases
and conjugate acids of possible methylphenyloxazole
isomers (Table 3). The proton affinities of free bases
were calculated by Eq. (3):

16

12

g, 1 mol™! ¢m™

1 PA = AH(H+) + AHB — AHBH+ (3)

0
220 240 260 280 300

%, nm Here, AH(H"), AHg, and AHg,;+ are the enthalpies
of formation of proton, free base, and conjugate acid,

Fig. 1. Electron absorption spectra of free bases and respectively [20]. The calculated proton affinity of

conjugate acids of isomeric phenyloxazoles in aqueous

solutions. 2-Methyl-5-phenyl-1,3-oxazol#l(): (1) pH 3.7, unsubstituted oxazole (Table 3) is appreciably smaller
(4) pH 2.63, 6) H, —0.82; 2-phenyl-5-methyl-1,3-oxazole ~ pressure mass spectrometry (207.8 [9], 213.3 kcal/mol
(V): (6) pH 4.43, ) H, -0.82. [21]) and that calculatecb initio {212.0 kcal/mol,

MP2/6-31G(d,p)//STO-3G [8]; 219.6 kcal/mol,
corresponding to equal concentrations of the equilibMP2/6-31G(,p)//STO-3G [9]}. It was previously
rium forms of oxazolelll in solution Hy = pKy): noted that the results oéb initio calculations are
pKy = -3.17£0.27;m = 0.46,r = 0.97,n = 8, A =  petter consistent with the experimental data than those
255 nm. Probably, the observed pattern is the result @fptained by semiempirical methods. However, in both
decomposition of the oxazole ring [16], but additionalcases general trends in variation of basicity for a given
investigation by independent methods is necessary teries of heterocycles are similar [22].

draw a final conclusion. _ As follows from the data in Table 3, both phenyl

According to published data, in some cas€gp  and methyl group exert the greatest electron-donor
values of aromatic N- and N,O-heterocycles argffect in position2 of the heteroring, whereas the
linearly related to calculated or experimental protoryonor effect of the same groups in positidns the
affinities (for the gas phase) or energies of ionizatioRyeakest. This finding is generally consistent with
of the corresponding free bases)([9, 17, 18]. How-  tha apove noted tendency for variation oKgpy.
ever, the qvailable data refer to only _unsubsftitute%owever’ the effect of the phenyl group on PA is
representatives of one or another series, while th&ronger than that of the methyl group. The most basic

is 2,4,5-triphenyl-1,3-oxazole; its gas-phase basicity

XIII is greater by 7 kcal/mol than the basicity of 2,4,5-tri-
* methyl derivative. Presumably, phenyl substituent
provides additional stabilization of the protonated
form via delocalization of the positive charge over
conjugatedr-electron system. In going to solution, the
reverse pattern is observed: Replacement of methyl
group by phenyl slightly reduces the basicity.

The AM1 energy of ionizationK;) of unsubstituted

4 r

ol . 1,3-oxazole (Table 3) is appreciably lower than the
I experimental value (11.19 eV, photoelectron spectros-

* . copy [18]). On the other hand, the dipole moment

55 160 165 170 of unsubstituted oxazole, calculated by the AM1
Proton affinity, kcal/mol method (1 1.46 D), agrees well with the experimental

value and that calculateab initio (n = 1.50, 1.60 D
Fig. 2. Correlation between the calculated proton affinities  [8, 23]). No definite relation was observed between
PA (AM1) and experimental i+ values of 1,3-oxazoles  the basicity constants in solution and proton affinities
(see Table 3). of isomeric methylphenyloxazoles (Fig. 2). A good
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Table 3. Enthalpies of formationAHg, kcal/mol) and energies of ionizatioik;( eV) of free bases and enthalpies of
formation of conjugate acidsAHgy+, kcal/mol) of isomeric methylphenyloxazoles, calculated by the AM1 method

Compound no. R R? R3 AHg E; AHgy PA2 PKg+
| H Ph H 37.5 8.96 | 1916 | 160.8 |-1.21 [2], -0.51°
I Ph Ph H 64.6 8.73 | 209.8 | 169.7 |-0.04
[ CH, H Ph 31.3 8.77 | 1809 | 1653 | 2.1@

\Y CH, Ph H 31.6 9.23 | 1801 | 1664 | 1.10°

% Ph H CH, 32.2 8.87 | 178.7 | 1684 | 1.94
VI H H H 12.4 9.89 | 1716 | 1557 | 0.8 [2]
VI CH, H H 5.2 9.58 | 159.5 | 160.6 -
Vil H CH, H 4.4 9.60 | 160.5 | 158.8 | 1.24 [2], 1.07 [1]
IX H H CH, 5.2 953 | 161.1 | 159.0 -
X CH, CH, H -2.8 9.34 | 1487 | 163.4 | 2.91 [2]
X CH, H CH, -2.0 9.26 | 1493 | 1636 -
Xl H CH, CH, -2.6 9.27 | 1505 | 161.8 | 2.05 [2]
X CH, CH, CH, -9.7 9.04 | 139.0 | 166.2 | 3.56 [2]
XIV Ph H H 39.3 9.07 | 188.3 | 165.9 -
XV H H Ph 38.5 894 | 1921 | 161.3 | 0.26 [2]
XVI Ph H Ph 65.5 8.58 | 2109 | 169.5 | 0.84 [3]
XVII H Ph Ph 65.8 8.68 | 2146 | 166.1 -
XVIII Ph Ph Ph 92.9 8.44 | 2346 | 1732 -
XIX H CH, Ph 31.8 891 | 1825 | 164.2 | 1.09 [2]
XX Ph CH, H 31.4 896 | 177.9 | 168.4 -
XXI H Ph CH, 30.8 8.85 | 182.0 | 1637 -
XXII CH, CH, Ph 24.2 8.66 | 171.3 | 167.8 | 2.45 [2]

% Gas-phase proton affinities PA (kcal/mol) were calculated by Eq. (3). The AM1 valugi@fi*) was 314.9 kcal/mol.
® Data of this work (see Table 1).

correlation was observed only for isomeric methyl-above noted specific features of protonation of com-
1,3-oxazoles [Eq. (4)], phenyl-substituted derivativegpoundsl-V can also be explained on the same basis.

being excluded. However, detailed explanation of the effects revealed
by the present study requires further experimental and
pKgy" = —(42+5) + (0.28:0.03)PA; 4) theoretical investigations by independent methods.
r=0983s=024n = 5. EXPERIMENTAL

An analogous tendency is observed when compar- The electron absorption spectra of compouheg
ing pKgy+ values with calculated ionization energieswere measured on a PerkElmer Lambda 40 spec-

E [Eq (5)], but the correlation is not satisfactory: trophotometer. The'H NMR spectra were recorded
in DMSO-dg on a Bruker DPX-300 spectrometer.
PKgy+ = (33£7) - (3.2+0.8)E; (5) The concentrations of aqueous sulfuric acid solutions
were determined by potentiometric titration with
r=0924,s = 050,n = 5. an accuracy of:0.2 wt %. The acidity functions were

taken from [24]. Buffer solutions with a ionic strength
The observed differences in the behavior of phenyly of 0.01 were used for spectrophotometric measure-
oxazoles and their methyl-substituted analogs may baents [25]. Compoundd-V were synthesized by
interpreted in terms of specific solvation of free baseknown methods: 4-phenyloxazold) ([26], 2,4-di-
and/or conjugate acids of phenyl derivatives in acigphenyloxazole I{) [27], 2-methyl-5-phenyloxazole
medium, which could involve formation of molecular (111 ) and 2-methyl-4-phenyloxazolel\() [28],
w-complexes with solvated protons. A number of thes-methyl-2-phenyloxazole M) [29]. Their physical
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constants andH NMR spectral parameters coincided
with those reported in [29]. The AM1 calculations
were performed using MOPAC program [30].

10.

11.

12.

13.

14,

15.

16.

17.

REFERENCES

Haake, P. and Baucher, L.B., Phys. Chem.1968,
vol. 72, no. 6, pp. 2212217.

Brown, P.J. and Ghosh, P.B.,Chem. Soc. B1969,

no. 2, pp. 270276.

Shvaika, O.P., Korzhenevskaya, N.G., and Snhago-
shchenko, L.P.,Khim. Geterotsikl. Soedin.1985,
no. 2, pp. 193197.

Kenny, P.W.J. Chem. Soc., Perkin Trans. 2994,
no. 2, pp. 199202.

Physical Methods in Heterocyclic Chemistrifat-
ritzky, A.R., Ed., New York: Academic, 1963.
Houriet, R., Roll, E., Bouchoux, G., and Hoppil-
liard, Y., Helv. Chim. Acta, 1985, vol. 68, no. 7,
pp. 2037%2035.

Mihn, T.N., Heagarty, A.F., Ha, T.K,
De More, G.R.,J. Chem. Soc., Perkin Trans. 2,
1986, no. 1, pp. 14750.

Matyuns, P., Fuji, K., and Tanaka, Kletrahedron,
1994, vol. 50, no. 8, pp. 2402414.

Meot-Ner (Mautner), M., Liebman, J.F., and Del
Bene, J.E.,J. Org. Chem.,1986, vol. 51, no. 7,
pp. 11051110.

Trifonov, R.E., Rtishchev, N.I., and Ostrovskii, V.A.,

Spectrochim. Acta, Part A1996, vol. 52, no. 14, 23.

pp. 18751882.

Ostrovskii, V.A. and Koldobskii, G.I1Slabye organi-
cheskie osnovaniy§Weak Organic Bases), Lenin-
grad: Leningr. Gos. Univ., 1990.

Trifonov, R.E., Cand. Sci. (Chem.) Dissertation,
St. Petersburg, 1998.

Catalan, J., Abboud, J.L.M., and Elguero, Aldyv.
Heterocycl. Chem1987, vol. 41, pp. 187274.
Lakhan, R. and Ternai, BAdv. Heterocycl. Chem.,
1974, vol. 17, pp. 99213.

Meyer, M., Meyer, R., and Metzger, Jl, Chim.

Phys. Physicochim. Biol.1970, vol. 67, no. 10, 29.

pp. 13801384.

Campbell, M.M.Comprehensive Organic Chemistry, 30.

Barton, D. and Ollis, W.D., Eds., Oxford: Pergamon,

18.

19.

20.

and 21.

22.

24,

25.

26.

27.

28.

1979, vol. 5. Translated under the tit@bshchaya
organicheskaya khimiyaMoscow: Khimiya, 1985,
vol. 9, pp. 442558.

Ostrovskii, V.A., Erusalimskii, G.B., and Shcherbi-
nin, M.B., Zh. Org. Khim.,1993, vol. 29, no. 7,
pp. 12971302; Andrianov, V.G., Shokhen, M.A,,
and Eremeev, A.V.,Khim. Geterotsikl. Soedin.,
1989, no. 4, pp. 50&11; Turchaninov, V.K. and
Baikalova, L.V.,lzv. Ross. Akad. Nauk, Ser. Khim.,
1994, no. 9, pp. 1664.603; Brinck, T., Murray, J.S.,
and Politzer, P.J. Org. Chem.1991, vol. 56, no. 8,
pp. 2934-2936.

Danovich, D.K. and Turchaninov, V.Klzv. Akad.
Nauk SSSR, Ser. Khiml989, no. 12, pp. 2709
2716.

Lee, H.-M., Lee, S.-E., Chang, M.-S., Park, B.K,,
and Lee, G.-Y.JJ. Korean Chem. Socl995, vol. 39,
no. 7, pp. 493500.

Kabachnik, M.l.,Usp. Khim.,1979, vol. 48, no. 9,
pp. 15231547.

Meot-Ner (Mautner), M. and Sieck, L.WJ. Am.
Chem. So0c.1991, vol. 113, no. 12, pp. 4448460.

Olivella, S. and Vilarrasa, JJ, Heterocycl. Chem.,
1981, vol. 18, no. 16, pp. 1189196; Kabir, S. and
Sapse, A.J. Comput. Chem.1991, vol. 12, no. 9,
pp. 11421146; Turchaniniov, V.K. and Eroshchen-
ko, S.V.,J. Mol. Struct. (Theochem},992, vol. 85,
pp. 371375; Shaffer, A.A. and Wierschke, S.G.,
J. Comput. Chem1993, vol. 14, no. 1, pp. 758.

Vsetecka, V., Fruttero, R., Gasso, A., and Exner, O.,
J. Mol. Struct.,1994, vol. 324, no. 3, pp. 24282.
Cox, R.A. and Yates, K.Can. J. Chem.,1983,
vol. 61, no. 10, pp. 2228244,

Perrin, D.D.Aust. J. Chem.1963, vol. 16, pp. 572
578.

Whitney, S.E., Winters, M., and Rickborn, B.,
J. Org. Chem.1990, vol. 55, no. 3, pp. 92935.
Vernin, G., Treppendahl, S., and Metzger,He|v.
Chim. Acta, 1977, vol. 60, no. 1, pp. 28297.
Kondrat'eva, G.Ya. and Kheng, Kh.C&Zh. Obshch.
Khim., 1962, vol. 32, pp. 2348353.

Turchi, 1.J., The Chemistry of Heterocyclic Com-
pounds, New York: Wiley, 1986, vol. 45.

Stewart, J.J.PMOPAC 6.0, QCPE Program 455.
Bloomington, IN, 1990.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 3 2001



