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Abstract-The bases of the order of stabilities and aromaticities usually assigned to the 2-pyrones 
and Cpyrones are considered and found to be equivocal. Relative basicity and equilibration evidence 
is presented which indicates that the 2-pyrone, 4-methoxy&methyl4pyrone, is thermodynamically 
more stable than the tpyrone, 2-methoxy-6-methyl-4-pyrone. An estimation of the predictive 
power of the Hi_ickel method for the relative stabilities of the pyrones is reported. 

THE theoretical and experimental study of the molecular energetics of aromatic 
systems has been an area of fundamental chemical interest for over a century. In- 
tensive interest in aromatic character following the precepts of the Hiickel rule has 

led to a relatively sophisticated understanding of carbocyclic aromatic molecules. 
In the case of heteroaromatic molecules however the presence of the heteroatom 
introduces complexities such that the understanding of these systems has been less 

substantial. A resolution of these complications almost certainly will require further 
experimental information about heteroaromatic molecu1es.l 

The determination of the relative stabilities of a set of isomeric 2- and 4-pyrones 
has been undertaken in order to obtain such information. The suitability of the 
pyrones for study is illustrated by the considerations that the parent heterocycles, 

2-pyrone (I) and 4-pyrone (IT), are +isoelectronic with tropone (III)a and that isomeric 

1 Within the limits of the present discussion aromaticity is considered to be manifested by a molecular 

potential energy* which is lower than that of an appropriate classical model (one incorporating 
zero-point energies). M. E. Volpin, L/spekhi Khim. 29, 298 (1960) has reviewed the concept of 
aromatic character. More recently comments on aromaticity have been made by J. A. Elvidge 
and L. M. Jackman, J. Chem. Sot. 859 (1961); A. T. Balaban and 2. Simon, Tetrahedron 18 
315 (1962); R. Breslow and E. Mohacsi, 1. Amer. Chem. Sot. 85,431 (1963). D. Peters, J. Chem. 
SOC. 1274 (1960) has advocated a return to the “c1assic8LI1criterion of reactivity for the aromaticity 

of hydrocarbons. In view of the uncertainties involved in comparing reactivities and in calculating 
reactivity indices, particularly for heteroaromatics, we prefer the above criterion. 

t9 H, J. Dauben and H. J. Ringold, J. Amer. Chem. SOC. 73,876 (1951); b W. von E. Doering and 
F. L. Detert, Ibid. For discussions of the aromatic character of tropone see, c P. L, Pauson, 
Chem. Reos. 55, 9 (1955); d D. P. Craig, Non-Betrzenoid Aromatic Compounds (Edited by D. 
Ginsburg) p. 29. Interscience, New York, N.Y. (1950). ’ T. Nozoe, Ibid p. 339. 
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pyrones may be compared to the same classical model. The latter consideration 

implies that the difference in the potential energy3 of the isomeric pyrones will provide 
a measure of the difference in their aromatic character. 

Traditionally, the lack of reactivity4@** and the basicity”” of the 4-pyrones have 
been considered to indicate that these compounds are resonance hybrids which 
derive considerable stabilization in the ground state from significant contributions by 

dipolar resonance forms. On the other hand the reactivitysavb and lack of basicityj” 

of the 2-pyrones have been interpreted to indicate that contributions of dipolar forms 
to the ground state of the 2-pyrones are slight. A spectral comparison of isomeric 
pyrones has been made in support of these assignments.6 Essentially 4-pyrones have 

been considered to be aromatic compounds; whereas 2-pyrones have been considered 
to be non-aromatic6 However, Nakata et al.’ have interpreted the alkylations of the 
pyronones on the basis of the greater thermodynamic stability of a 4-hydroxy-2- 

pyrone (IV) over a 2-hydroxy-4-pyrone (V). This order was apparently determined 
spectrally first by Chmielewska and Cieslak* and has since been reported by a number 

of other investigators.9 

The purpose of the present paper is to examine the bases of the earlier assignment. 
to report the determination of the relative thermodynamic stabilities of one set of 
isomeric 2- and 4-pyrones and to interpret the relative stabilities of these pyrones with 

regard to present theories. 

RESULTS AND DISCUSSION 

Precious assignments. The assignments by Nakata et aIS7 and the results of the 
spectral investigations,8p9 which indicate that the 2-pyrone(LV) is more stable than the 
4-pyrone(V), afford an order of stability which is the reverse of the order of aromatici- 
ties deduced for the 2- and 4-pyrones from reactivity,“ov’ spectral6 and basicityj” 

3 L. P. Hammett, Physical Organic Chemisfry pp. 76-78. McGraw-Hill, New York, N.Y. (1940). 
a a F. Arndt, E. Scholz and P. Nachtwey, fir. Drsch. Chem. Ges. 57, 1903 (1924); * F. Arndt and 

L. Lorenz, Ibid. 63, 3121 (1930). 
b The general case has been cited by Q A. R. Katritzky and J. M. Lagowski, Hererocyclic Cherrtisrr_v 

pp. 52, 90. J. Wiley, New York, N.Y. (1960) and b R. I-f. Wiley, Organic Chemistry IV (Edited by 
H. Gilman) pp. 827-828. J, Wiley, New York, N.Y. (1953). A similar comparison of the parent 
heterocycles I and II has been made by c G. M. Badger, The Chemisrry of Helerocyclic Compowds 
pp. 428429. Academic Press, New York, N.Y. (1961). 

B K. Nakanishi, Infrared Absorprion Spectroscopy p. 204. Holden-Day, San Francisco. California 
(1952). 

i Q H. Nakata, S. Takahashi, K. Yamada and Y. Hirata, Tetrahedron Letters No. 16, 9 (1959); 
D H. Nakata, &tfl. Chem. Sot. Japan 33, 1688, 1693 (1960). 

* I. Chmielewska and J. Cieslak, Przemysl. Chew. 8, 196 (1952). 
q u I. Chmielewska, J. Cieslak, K. Gorezynska, B. Kontnik and K. Pitakowska, Tetruhedrott 4, 36 

(1958); b D. Herbst, W. B. Mars, 0. R. Gottlieb and C. Djerassi, J. Amer. Chem. Sot. 81, 2427 
(1959); c J. D. Bu’Lock and H. G. Smith, J. Chem. Sm. 592 (1960); (* K. Yamada, Bull. Chent. 

Japn 35, I323 (1962). 
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considerations. Although such a result is not inconceivable1° an examination of the 
criteria previously used shows that these assignments are not convincing. In the 
earlier assignments @,a chemical stability has been equated with aromatic character. 
However, if aromatic~ty is considered to be a ground state property manifested in the 
potentiat energy of a molecule,l reactivity criteria are not informative and may be 
quite misleading. The spectral and basicity criteria are discussed more fully in 
succeeding sections. 

In@& spectral correhrion. A recent comparison of the 1R spectra of 4,6- 
dimethyl-2-pyrone (VI) and 2,6-dimethyl-4-pyrone (VII) has led to the radionalization 

that the lower carbonyf stretching frequency of VII, indicates a greater contribution 
by dipoIar resonance forms to the ground state of 2,6-dimethy14pyrone11 than to 
4,6dimethyl-2-pyrone.6 However, the assumption that the carbonyl stretching 
fr~uenci~s.wilI be dominated by the same factors which determine the difference in 
potential energies of these isomers is not warranted. Rather it would seem that the 
differences in environment of the carbonyl groups precludes such a comparison.lz 
Hence the IR spectral assignments do not provide any reliable information about the 
relative ground state energies or the aromaticities of the pyrones. 

Relative basicities. In the years since the basicity of 2,6-dimethyI4pyrone was 
recognized by Collie and Tickle13 a large amount of work has verified the basicity of 
the 4-pyrones and es~blish~ the structures of the resulting py~lium salts.6*x4 The 
lack of basicity of the 2-pyrones@ seems less well estabIished. In fact, Wiley and 
MoyeP have reported that 2-pyrones are monoproponated in sulfuric acid and 
Janiszewska-Drabareklg has reported the formation of an adduct between 4-methoxy- 
6-methyl-2-pyrone and chloroplatinic acid. An experiment which might appear 
relevant to the relative basicities of the 2- and 4-pyrones is the formation of the 
hydrochloride of 2-methoxy-6-methyf-4-pyrone as a precipitate in the presence of 
~methoxy-6-methyI-2-pyrone. $‘*17 Unfo~unately the pr~ipitation introduces com- 
plications such that any conclusion about the relative basicities of the pyrones on the 
basis of this information would be unwarranted. 

‘O The relationship of stabiiity and aromaticity is discussed more fully in a succeeding section. 
l1 Other IR spectral assignments have been made for the 4-pyrone (VII) by A. R. Katritzky and 

R. A. Jones, Spectrochim. Acta 17, 64 (1961) and D. Cook, Cunud. J. Ciwn. 39, 1184 (1961). 
I2 M. J. S. Dewar, ~~~e~c~nj~~uf~on p. 103. Ronald Press Cu., New York, N.Y. (1962), has noted 

similar cases. 
I8 J. N. Collie and T. Tickle, J. Chent. Ser. 710 (1899). 
1’ o N. F. Hall and J. B. Conant, J. Amer. Chem. Sot. 49,4037 (1927); b D. Cook, lot. cit. and refer- 

ences cited therein. 
I6 R. G. Wiley and A. N. Moyer, J. Amer. C/~em. Sot. 76, 5706 (1954). 
I8 S. Janiszewska-Drabarek, Rocz. Gem. 27,456 (1963). 
I7 1. Chmielewska, J. Cieslak and T. Kraczklewicz, Rocz. Chem. 30, 1009 (1965). 
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Before an interpretation could be made of the significance of the relative basicities 
of the 2- and 4pyrones the correct order of basicities had to be established for these 
compounds. This was done by the non-aqueous titration of three sets of isomeric 

pyrones: 2-pyrone (I) and 4-pyrone (II); 4,6-dimethyl-2-pyrone (VI) and 2,6- 
dimethyl4-pyrone (VII); and 4-methoxy-6-methyl-2-pyrone (VIII) and 2-methoxy-6- 
methyl-4-pyrone (IX). The titrations were carried out in acetic acid using perchloric 
acid as a titrant.l*J8 

Ix 

Attempted titrations of the 2-pyrones (I, VI and VIII) led to titration curves which 
were essentially identical to that of the blank. On the other hand quantitatively correct 
titration curves were obtained for the titration of 2,6_dimethyl4pyrone (VII) and 

2-methoxy-6-methyl4pyrone (IX). The titration curve obtained for 4-pyrone (II) in 
acetic acid did not allow an accurate quantitative analysis although the shape of 
the curve relative to that of a blank or of 2-pyrone (I) indicated that titration did 
occur. A quantitatively accurate end point was observed for the titration of 4-pyrone 
by the use of a solvent system of acetic anhydride-acetic acid? The pyrones (I, VI 
and VIII) were still not titratable in this medium. The titrations of the 4-pyrone 

isomers were reversible, no precipitation occurred during the titrations and the order 
of basicities for the 4-pyrones was that sensibly expected for the stabilization of the 
pyrylium salt by the substituents on the pyrone nucleus. Recovery experiments 

showed that the 2-pyrone (VITT) and the 4-pyrone (TX) could be recovered in high 
yield after neutralization of the acid. In every case then the 4-pyrone isomer was 
more basic than the corresponding 2-pyrone. 

The interpretation usually given to this order of basicities, that it reflects the 
greater contribution of dipolar resonance forms to the ground state of the 4-pyrone,6b 
is not tenable. The only information directly obtainable from the relative basicities of 
the pyrones is that under the conditions of the titration the 4-pyrones and perchloric 
acid are of higher free energy than the corresponding Chydroxy-pyrylium per- 
chlorates and that the 2-pyrones and perchloric acid are of lower free energy than the 
corresponding 2-hydroxy-pyrylium perchlorates. An interpretation of these facts with 
respect to the ground state energies of the isomeric pyrones may be made only insofar 
as it can be assumed that differences in solvation energies are small and insofar as 
valid assignments of relative free energies can be made to the isomeric pyrylium com- 
pounds. For example, if the assumption is made that 2-hydroxy4methoxy-6-methyl- 
pyrylium perchlorate (X) and 4hydroxy-2-methoxy-6-methyl-pyrylium perchlorate 
(XI) have approximately the same free energy under the conditions of the titration, it 
follows directly from the relative basicities of 4-methoxy-6-methyl-2-pyrone (VIII) and 
2-methoxy-6-methyl4pyrone (IX) that VIII is of lower free energy than IX under the 
titration conditions. These qualitative free energy arguments are illustrated in Fig. 1. 

I80 J. D. Fritz, Analyt. Chem. 22, 1028 (1950); b J. S. Fritz and M. 0. Fulda, Ibid. 25, 1837 (1953). 
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FIG. 1. Qualitative relative free energies of the reactants and products in the acid-base 
equilibria achieved during titration assuming approximately the same free energies for 

X and XI. 

Consideration of the assumptions involved shows that these arguments cannot be 

considered to be rigorous nor can they be extended to the other sets of isomers. 
Eguiiibration. The tautomeric equilibra which favor the 2-pyrones (IV) over the 

4-pyrones (V)8*e provides examples of the greater thermodynamic stability of 
a 2-pyrone. However the known sensitivity of tautomeric equilibria to solvent 
&e&Q introduces ambiguities into the interpretation of the observed order of 
stabilities. Moreover the rapidity of proton transfers in such systemslQ precludes 

the detection of the minor isomer unless it can be observed spectrally. 
These difficulties may be overcome by the equilibration of alkylated isomers 

formally derived from the tautomers by the catalytic function of iheir common 
alkylated derivative. In the present case conclusive information about the relative 
stabilities of one set of isomeric pyrones has been obtained from the equilibration of 

VIII with IX by the action of 2&dimethoxy-6-methyl-pyrylium fluoborate (XII) as a 
catalyst.QQ Heating the 4-pyrone (IX) with a catalytic amount of the pyrylium salt 
(XII) for three minutes at 140” or for forty minutes at 100” led to the 2-pyrone (VIII) 

Is A. R. Katritzky and J. M. Lagowski, Advances in Heferocyclic Chemistry 1 (Edited by A. R. 
Katritzky), p. 318. Academic Press, New York, N.Y. (1963). 

20 A preliminary account of this reaction has appeared, P. Beak, Terruhedron Letters 863 (1963). 
Extension of this equilibration to other systems is currently under investigation. 
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in 97”;;, and 9810 yields respectively. ** Compound VIII was identified by IR and UV 
spectral criteria. From the latter it was established that the product of the reaction 
was at least 98”/b of the 2-pyrone, (VIII). Since the titrative analysis of a subsequent 
reaction product demonstrated that less than 0.5% of IX was present in the equi- 
librium mixture ,22 the equilibration product may be considered to be at least 99*50/, 
VIII. The catalyst could be recovered in high yield. Although the amount of the 
4-pyrone (IX), the isomer which was present in minor amounts at equilibrium, was 

not determined ,= it follows directly from the principle of dynamic equilibrium that 
this process is an equilbration. Control experiments established that 2-methoxy-6- 
methyl+pyrone was stable in the absence of 2,4-dimethoxy-6-methyl-pyrylium fluo- 

borate under the reaction conditions, that the minor isomer was not selectively lost in 
the product isolation, and that the reaction was not inhibited by the presence of gal- 
vinoxyl.24 This result indicates that in the melt at 140” VII1 is more stable than IX by 
a standard Helmholtz free energy of at least 4 kcal/mole.2s 

Reiatioe arumaticizies. Assignments of relative aromaticitiesl to the isomeric pyrones 
on the basis of their relative stabilities would be fundamentally incorrect since the 
observed difference in thermodynamic stability incorporates contributions from differ- 
ences in kinetic and solvation energies as well as from differences in potential energy.3 
However it may be possible to determine the source of the stability difference for the 
2-pyrone (VIII) and the 4-pyrone (IX) since the entropy difference between these 
isomers can in principle be obtained from determination of the equilibrium constant at 
different temperatures. Any extrapolation of the observed stability order to other sets 
of isomeric pyrones as well as any comment on the aromaticities of these molecules 
must be deferred until this entropy difference as well as other experimental informa- 
tion about related systems is obtained. 

Molecular orbital cahlations. Hiickel molecular orbital treatmenP was first 

applied to 4-pyrone by Brown*’ who concluded that 4-pyrone had appreciable con- 

tribution to its ground state by a dipolar structure. More recently Zahradnik et a/.m 
have correlated the UV spectra of 2-pyrone (I), and 4-pyrone (II) with the results of 
Hiickel calculations and have discussed the reactivity of 4-pyrone in the same frame of 
reference. The Czech workers used an inductive model for their calculations on 
4-pyrone but did not employ this model for their calculations on 2-pyrone. As a 
result different parameters were used in the two calculations which arrived at the 
delocalization energies of 2-pyrone and 4-pyrone at 2.8968 and 2.8688, respectively. 

2* S. Janiszewska-Draebarek I1 has reported the conversion of IX to VIII with methanolic HCI in 
unspecified yield. 

*’ This experiment was carried out by Mr. James Bonham. 
sa Attempted titrate and vapor phase chromatographic analysis have not yet proven capable of 

detecting the minor isomer. 
*’ P. D. Bartlett and T. Funahashi, J. Amer. Chent. Sm. 84, 2596 (1962). 
25 Assuming that the melt is an ideal solution and that the pyrones do not differ appreciably in vapor 

pressure at 140”. The observed order of stability would be predicted by a naive consideration of 
the appropriate canonical forms according to the rules of resonance. J. Hine, Physical Otpnic 

Chentisrry pp. 3-9. McGraw-Hill, New York, N.Y. (1962). 
z0 A. Streitwieser, Molecular Orbital Theoryfor Oripunic Chemist, Chap. 3. Wiley, New York, N.Y. 

(1961). 
ti R. D. Brown,J. Chenr. Sm. 2670 (1951). 
2R R. Zahradnik, C. Parkanyl and J. Koutecky, Cull. Czech. Chem. Comm. 27, 1242 (1962). 
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Insofar as the energy difference in the ground states of 2-pyrone and 4-pyrone is 

dominated by the difference in rr electronic energy of the two systems and insofar as 
such calculations have predictive, rather than correlative value it might be expected 

that the calculated delocalization energy would be greatest for the most stable 
isomer.B The results of molecular orbital calculations for 2-pyrone and 4-pyrone 

using the Hiickel approximations and treating oxygen as a perturbation in the carbon 
skeleton with the assumption of the appropriate parameters are summarized in Table 
1. The localized model used to obtain the delocalization energies was two isolated 
carbon-carbon double bands, a carbonyl group and an oxygen atom. 

TABLE 1. CALCULATED DELOCALiZATlON ENERGItS 

FOR 2-PYRONE AND 4-PYRONE 

Parameters 

a0 = a + fro 

PC.0 2 2P 

2-Pyrone 4-Pyrone 
- 

2*9oe 2.87/4 

Parameters taken from: s footnote 28, 
b footnote 29, c footnote 26, p_ 135. 

Although it is interesting that appreciable delocalization energies are predicted for 
the pyrones the fact that the differences in delocalization energy obtained are neither 

consistently in one direction nor of sufficient magnitude to be used with any con- 
fidence discouraged further calculation. It would seem that the Hiickel treatment 
does not have predictive power for the relative thermodynamic stabilities of the 
pyrones with the parameters customarily employed. 

EXPERIMENTAL 

The IR spectra were determined on a Perkin-Elmer infrachord spectrophotometer using chloro- 
form solutions unless otherwise noted. The UV spectra were determined on a Carey model 14 m 
spectrophotometer using 95 ‘A ethanol solutions unless otherwise noted. The m.ps were determined 
on a Biichi-Tottoli oil bath apparatus and are uncorrected. The vapor phase chromatographs were 
carried out on an Aerograph A-9OP. The titrations were carried out on a Polrad Automatic Reumiing 
Titrator model AT-2A using a calomel and a glass electrode. The PMR spectra were determined on a 
Varian A-60 spectrometer using 5 % deuterochloroform solutions containing tetramethylsilane as an 
internal standard unless otherwise noted. The microanalyses was performed by Mr. Joseph Nemeth 
and associates. The MO calculations were done on an IBM 7090 computer. 

‘@ A. Streitwieser, Molecular Orbital Theory for Organic Clremists, 248- 249, Wiley, New York, N.Y. 
(1961). 
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Preparalion of he isomeric 2- and 4-pyrones 

The known pyrones were prepared by established procedures. 2-Pyrone (I) was prepared by the 
decarboxylation of 6-carboxy-2-pyrone according to the method of Fried and Elderfield.ao The 
crude product was purified by vapor phase chromatography using a column of 20% carbowax 20 m 
supported on base-washed firebrick and contained in a 5 ft long i in diameter copper tube at 180°, 
n2$ 15285 (reported l-5272). The IRS1 and NMR spectral data were consistent with the established 
structure, CPyrone (II) was prepared by the decarboxylation of cheledonic acid according to the 
method of Willstater and Pummerer .*% The crude product was purified by vapor phase chromatog- 
raphy as for the case of 2-pyrone. The product had a m.p. 33-35” (reported 32.5”) and was char- 
acterized by the expected IRS1 and NMR spectra. 4,6-Dimethyl-2-pyrone (VI) was prepared by the 
by the method of Smith and Wiley,aa m.p. 50-52” (reported 8a 50-51”). The IRa4 and NMR spectra 
were consistent with the established structure. 2,6-Dimethyl4pyrone (VII) was prepared by the 
method of Collie and Tickle,la m.p. 312-134” (reported= 132”). The established structural assignment 
was confirmed by the compound’s IR” and NMR spectra. 4-Methoxy-6-methyl-2-pyrone (VIII) 
was prepared by the method of Bu’Lock and Smith,Oc m.p. 88-90’ (reported DC 87.5-88.5O). The 
IR%%a6, UV Qb,*c,ae, (;z max 280 rnp, log E 3.85) and NMR spectra were consistent with the 
established structure. 2-Methoxy-6-methyl+pyrone (IX) was prepared by the method of Bu’Lock 
and Smith,*” m.p. 94-96” (reported De 92.5-94’). The IR 9b*Dc*86, UV9b*9c*86 (2 max 240 m/t, log E 4.15) 
and NMR spectra were consistent with the established structure. 

2,4-Dimethyoxy-~-mefhyZ-pyryfium Fluoborufe (XII). 

(a) From 4-merhoxy-6-mefhyl-2-pytone (VII). To a solution of 58 mg (O-41 mm) of VIII in 0.2 ml 
redistilled 1,2dichloroethane was added O-3 ml (O-03 mm) 1-O N silver fluoborates7 in 1,2dichloro- 
ethane followed by O-144 ml (2.3 mm) methyl iodide .a8 The resulting mixture was allowed to stand 
4.5 hr. The precipit&cl silver iodide and the resulting clear 1,2dichloroethane solution were 
separated by centrifugation. The silver iodide was washed with 0.5 ml methanol and this wash was 
combined with the 1,Zdichloroethane solution. This clear solution upon dilution with 4 ml diethyl 
ether gave a white precipitate of XII which was separated from the ether solution by centrifugation 
and dried overnight in a vacuum desiccator, wt. 44 mg (61% yield based on silver fluoborate), m.p. 
137-l 54”. Recrystallization of this material from I ,2-dichloroethane-carbon tetrachloride gave fine 
white needles, m.p. 152-154”; IR spectrums9 (nujol mull) 3150 (m) 1670 (s), 1550 (s), 1225 (s). 
1020-l 100 (s), 945 (s), 910(s), 875 (s), 840 (m), 830 (m) cm-l; UV spectrum (CH,Cl,), i. max 272 m/c 
(log, E, 4.02), 3. min 248 mm (log E 3*44), NMR spectrum (CD,COCD,), the protons on the pyrylium 
ring resonate at 419 and 431 cs. downfield from the resonance of the internal standard tetramethylsilane 
with relative areas of l-1 the protons of the methoxy groups resonate at 258 and 267 cs. downfield 
from the tetramethylsjlane peak with relative areas of 2.9 and 3.0, the protons of the methyl group 
located on the pyrylium ring resonate at 161 cs. downfield from the tetramethylsilane peak with a 
relative area of 3.3. (Found; C, 39.78; H 4.56. CBHIIOsBFI requires; C, 39.74; H, 4,54x). 

(b) From 2-methoxy-6-meihy~4py-4-pyrone. The reaction of 10 mg of IX in 0.5 ml 1,2dichloroethane 
with 10 mg silver fluoborate in 0.5 ml 1,2-dichloroethane and 0.03 ml methyl iodide in the manner 
described above gave 8-O mg (58% yield based on silver fluoborate) of XII m-p. 140-149”. This 
material was determined to h identical to the compound obtained from the alternative synthesis (a) 
on the bases of m.p., mixed m.p. and IR spectral criteria. 

8o J. Fried and R. C. Elderfield, J. Org. Cliem. 6, 566 (1941). 
a1 R. N. Jones, C. L. Angell, T. Ito and R. J. D. Smith, Canad. J, Chem. 37,201O (1959). 
Ia R. Willstater and R. Pummerer, Ber. Dtsch. Chem. Ges. 37, 3734 (1904). 
a8 N. R. Smith and R. H. Wiley, Organic Synthesis 32, 57 (1952). 
a4 R. H. Wiley and J. E. Esterle, J. Org. Chem. 22, 1257 (1957). 
85 J. N. Collie, J. Chem. Sot. 59, 617 (1891). 
a6 W. B. Mars. M. T. Magalha& and 0. R. Gottleib, Forthschritte Der Chemie Organischer Nutur- 

stop XX p. 141. Springer-Verlay, Vienna (1962). 
a7 Purchased from the Ozark-Mahoning Company, Tulsa, Oklahoma. 
a8 The procedure is adapted from a synthesis of 4-ethoxy-2,6-dimethyl-pyrylium fluoborate reported 

by H. Meerwein, V. Henderich and K. Wunderlick, Arch. Pharm. 291, 541 (1958). 
aa A. T. Balaban, G. D. Matecs and M. Elian, Tetrahedron 18, 1883 (1962). 
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Tilrufions of 1/1e isomeric 2- and4-pyranes. The acetic acid solvent and the perchloric acid-acetic 
acid titrant were dried with acetic anhydride until the water content was between 0.1 and -01% as 
determined by a modified O” Karl Fischer titration using a graduated 1.0 ml pipette to deliver the 
Karl Fischer reagent. The calomel and the glass electrodes were allowed to stand in the solvent for 
at least 12 hr kfore use. The perchloric acid titrant was made up to be approximately -05 N and was 
standardized with anhydrous sodium acetate. 

The titrations of known amounts of IX and VII gave an end-point within 3% of the expected 
value. The end-point break for the titration of 4-pyrone was not determinable from the curve 
obtained. The end-point of the Cpyrone titration was more apparent when the titration was carried 
out in 30”/ acetic anhydride-acetic acid than when the titration was done in acetic acid. The solutions 
were clear during the titrations of the Cpyrone isomers, and the curves obtained could be reversed 
by titration of the acidic solution with a sodium acetate solution. In the case of the attempted 
titrations of the 2-pyrone isomers I, VI and VIII the curves obtained were essentially identical to 
that of a blank. 

Recovery of 4-methoxy-6-methyl-2-pyrone jkom the titration conditions. A solution of 15.1 mg 
(a108 mm) of VII1 in glacial acetic acid was treated with 1.0 ml (0108 mm) of 0060 N perchloric acid 
in glacial acetic acid and the resulting solution was allowed to stand 5 min. The solution was then 
treated with 10 ml ~013 N sodium acetate and poured into 60 ml of an equivolume mixture of methyl- 
ene chloride and water. The methylene chloride layer was washed (3 times with water, once with 
sat. NaHC,O aq.) and dried (MgSO,). Evaporation of the methylene chloride gave 14.3 mg (950/i 
recovery) of VIII which was identified by m.p. mixed m.p. and 1R and UV spectra criteria. 

Recovery of 2-methoxy-dmethyl4pyrone from the titration conditions. The treatment of a 
glacial acetic acid solution of 17.4 mg (1.24 mm) IX with 2.05 ml (-126 mm) a06 N perchloric acid 
in glacial acetic acid followed by a work-up analogous to that described above gave 15-O mg (86% 
recovery) of IX which was identified by m-p., mixed m.p. and 1R and UV spectral criteria. 

Conversion of 2-methoxy-6-methyl-4-pyrone IX to 4-methoxy-6-methyl-2-pyrone VlIl by the action 

of 2,4-dimethoxy-6-methyl-pyryliumj?uoborate XII as an equilibration catalyst 

(a) At 100”. A mixture of 180 mg of IX and 17.4 mg 2,4dimethoxy-pyrylium fluoborate was 
sealed in a glass tube and heated at 100” for 40 min. The tube was cooled, carefully broken open and 
the contents were leached 4 times with 10 ml portions of diethyl ether. The ether sohtble and ether 
insoluble compounds were separated by filtration of the combined ether solutions. 

The ether insoluble product was 17.1 mg impure XII as shown by m.p., 85-l IS”, and IR and UV 
spectral criteria. 

The ether soluble product which was obtained by evaporation of the ether (red. press) amounted 
to 172 mg and was shown by m.p. 84-86”; mixed m.p. and IR and UV spectral criteria to 
be VIII. 

Analysis of the UV spectra of mixtures of IX and VIII by the method described by Dewar and 
Urch” established that this procedure was capable of detecting 2 % of the Cpyrone IX in the presence 
of 98 ‘A of the 2-pyrone, VIII. The application of this method to the product from the equilibration 
mixture showed that this material was at least 98 % VIII. 

A series of separate runs using a mixture of 105 mg of IX and 11 mg 2+dimethoxy-pyrylium 
fluoborate with samples withdrawn after 55, 120 and 240 set in conjunction with analysis of the UV 
sptra of the ether soluble product showed that the reaction has a first-order half-life of about 
2.3 min at 100”. 

(b) At 140”. A mixture of 182 mg of IX and 18 mg of XII when heated at 140” for 3 min gave 
15 mg impure pyrylium salt (XII) as the ether insoluble product and 178 mg of VII as the ether 
soluble product produced by the same methods and criteria are discussed above. In a subsequent 
reaction at this temp it was shown by the titration of 148 mg of the reaction product, a methti 
which was established to be capable of detecting at least O-7 mg of VII under these conditions, that 
less than O-5 % of the 4-pyrone VII was present in the equilibration mixture.” 

In a separate experiment it was shown that the reaction at 140” was not inhibited by galvanoxyl.‘***’ 

4o S. G. Smith, A. H. Fainberg and S. Winstein, J. Amer. Chem. Sot. 83,618 (1961). 
41 M. J. S. Dewar and D. S. Urch, J. Chem. Sot. 3745 (1957). 



840 

Cotttrol experrmenls 

(a) 2-Method-tSmethyi4p,yrone IX. Compound IX (3.5 mg) was heated in a sealed tube at 
140” for 10 min. The product was shown by m.p., 90-92’,1R andUV spectral criteriato be unchanged 
4-pyrone (IX). 

(b) 4-Mefhoxy-6-methyl-2-pyrorre (VIII). Compound VII1 (8.3 mg) was heated in a sealed tube 
at 140” for 10 min. The product was shown by m.p. 85-88”, IR and UV spectral criteria to be 
unchanged VIII. 

(c) 2,4-Dimerhoxy-pyryliumf[uoborafe (XII). Compounds XII (5.3 mg) was heated in a sealed 
tube at 167” for 5 min. The product was shown by m.p., 146-150”, JR and UV spectral criteria to 
be unchanged pyrylium salt (XII). 
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