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A Study of the Aeylation of 4-Hydroxy-0-methyl-2-pyrone and 4-Hydroxy-6-phenyl-2-pyrone

Ii. Marcus, J. F. Stephen and J. K. Chan

Research and Development Department, Union Carbide Corporation

The acylation of 4-hydroxy-6-methyl-2-pyrone (1) and 4-hydroxy-6-phenyl-Z-pyrone (XXII)
with aliphatic acid anhydrides, or with aliphatic acid chlorides in trifluoroacetic acid, has been

found to produce first the corresponding ester, which then rearranges, partially or wholly,

depending on the conditions and on the nature of the acyl moiety, to form the corresponding

3-acylpyrone.

With aromatic acid chlorides in pyridine or in trifluoroacetic acid only the

corresponding ester was obtained. These esters, however, could be rearranged to the corresponding
3-acylpyrones with aluminum chloride. Acetoacetylation of 1 and 4-hydroxycoumarin (XXIX)
with diketene gave, in both cases, the C-acetoacetylated product.

Acetylation of 4-hydroxy-6-methyl-2-pyrone (1) with
acetic anhydride in the presence of either sulfuric acid,
pyridine or sodium acetate to give dehydroacetic acid (1)
has been known for a long time (1,2). More recently,
Woods and Dix (3) acylated 1 with acetyl chloride and
benzoyl chloride in trifluoroacetic acid and reported that
they obtained 1l and the mono- and dibenzoylated
derivatives 111 and 1V, the latter compound being produced
when two equivalents of  benzoyl chloride were used.
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We required a sample of Il in connection with other
studies and repeated the benzoylation of I under the same
conditions as described by Woods and wish to report new
observations on this reaction.

In our hands compound | reacted with one equivalent
ol benzoyl chloride in refluxing triffuoroacetic acid forming
a crystalline compound (m.p. 87—8‘)0) with molecular
formula, C;311;004. Although Woods and Dix (3) had
also obtained a compound of the same formula, their
product melted much lower (m.p. 70-71°). Furthermore,
our compound failed to give a positive enol test with
ethanolic ferrie chloride. Its infrared spectrum showed no
absorption in the 3 to 4-i region indicating the absence of
a chelated hydroxyl group. The NMR spectrum exhibited
peaks at 2.28, 6.14, 6.18, and multiplets at 7.33-7.80 and
8.00-8.33 § with integrated area ratios corresponding lo
3:1:1:5. It is not possible to reconcile these spectral data
with structure I however, the data can be accommodated
by assigning structure V to the compound (Scheme ).

When V was treated with aluminum chloride at 100°,
it underwent a Fries rearrangement to give L in 74%
yield. Ester V could also be rearranged to I with diffi-
culty upon prolonged heating in trifluoroacetic acid.
Under these conditions, the rearrangement was accom-
panied by considerable degradation of V o triacetic acid
lactone and benzoic acid.
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I melted at 108-110°, not at 70-71° as had been
reported by Woods and Dix (3), and gave an orange
color with ethanolic ferric chloride solution. Its infrared
spectrum (potassium bromide) showed broad weak absorp-
tion in the 4-u region indicating a chelated hydroxyl
group; it also displayed carbonyl absorption at 5.74 u due
to the lactone and benzoyl carbonyl groups. Its NMR
spectrum exhibited peaks at 2.26 and 6.00, a multiplet at
7.32-7.80, and a peak at 159 §. The integrated area
ratios corresponded to 3:1:5:1.  The structure was
further substantiated by converting 1l to 2-methyl-6-
phenyl-4-pyrone (VI) with concentrated hydrochloric acid.
The hydrochloric acid-catalyzed decarboxylation and
rearrangement of 3-acyl-4-hydroxy-6-methyl-2-pyrones to
2-substituted-6-methyl-4-pyrones is well-known @-8).

Benzoylation of I with two or three equivalents of
benzoyl chloride in trifluoroacetic acid produced only V
and benzoic acid (from hydrolysis of the benzoyl chloride).
No dibenzoylated derivative (1V) could be detected.

A number of esters of [ (VII to XI) were prepared and
are summarized in Table . Compounds V, VII, and VIII
were most conveniently prepared by acylating 1 with
the appropriate acid chloride in pyridine at 0°. Surprisingly,
only avery poor yield of X was obtained when acylation of
I with 2-naphthoyl chloride was attempted in pyridine. A
somewhat better yield was obtained when the acylation was
conducted in refluxing trifluoroacetic acid. Compounds
VII and VUI were readily rearranged to the corresponding

C-benzoylated derivatives, XI1 and XIII (Table 11), respec-
tively, with aluminum chloride, while treatment of 1X and
X with aluminum chloride under similar conditions gave
unidentified products.

Next we investigated the acylation of I with selected
aliphatic acid anhydrides and acyl chlorides. Collie (1)
acylated I with an excess of acetic anhydride in the presence
of a catalytic amount of sulfuric acid and obtained II. On
the other hand, Dieckmann and Breest (2) treated I with
acetic anhydride in the presence of a trace of acetyl
chloride and obtained, after distillation of the reaction
mixture, an oil to which they assigned structure XIV.

Lou,
A

I
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We re-examined both reactions and found that Collie’s
procedure gave Il in good yield while the Dieckmann
acylation procedure gave, on crystallization of the residue
remaining after removal of excess acetic anhydride, I and
XV. Structure XV was supported by elemental and spectral
analyses. Compound XV could also be obtained in good
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Compound

V(a)

Vil

VIll (a)

X (a)

X1

XX

XV (2)

XX

XXVi

XV

XVl

Xvil

XIX
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Nuclear Magnetic Resonance and Infrared Absorption Data

b5, ppm

2.28

0.14

6.18

7.33-7.8 and 8.0-8.33
2.32

0.05-6.25
7.74,8.33-8.65
8.85-8.97

2.20
60.05
0.10

8.32
2.28
6.05-6.25
7.258.7

2.30

0.15

6.23

7.4-8.2 and 8.73
2.3

6.19

7.658.1

1.3

2.20

6.0

2.33

6.17

2.3

6.12(D), 6.54 (D)
7.25-7.52 and 7.56-7.90

6.12(D), 6.73 (D)
7.22-7.95,7.95-8.23
2.27

6.0 (M), 6.05(D)
1.16

2.28

3.13

5.98

16.73 (S broad)

0.98
1.6

2.24
3.05
5.87
1.17
2.20
3.95
5.95

TABLE 11

Multiplicity

(3)
(M)
(5)
(M)
(S)
(M)
(8) (M)
(M)
(3)
M)
4]
)
(S)
(M)
(M)
(5)
(M)
M)
(M)
)
()
(M)
(8)
(3)
(3)
(3)
(5)
(3)
(M)

(M)
(3)

()]
(G)]
(Q)
(D)

(M
(M)
(5)
()
(M)
(D)
(D)
(M, 7 lines)
Q)

Assignment

CH; (6)
o (5)
o (3)

Aromatic

CH 3(6)
H (3)andH (5)

Aromatic

CHj; (6)
H  (5)
H  (3)
Aromatic
CH; (6)
H (3)and H (5)

Aromatic

CH3 (6)
H (5)
H (3)
Aromatic

2 x CH3(6)
2H (3) and 2H (5)
Aromatic

COC(CH3) 3
CH5(6)
H (3)and H (5)

CHj (6)
H (3) and H (5)

CH3 (OCOCH3)
H (3)and H (5)

Aromatic

H (3) and H (5)
Aromatic

CH3 (6) and OCOCH;
H (5)and H (3)

CH3 (COCH,CH3)
CH3(6)

CH, (COCH,CH3)
H (5)

OH (4, chelated OH)

(CH3 (COCH,CH,;CH3)
CH2 (COCH,CH,CH3)
CH3 (6)

CHz (COCH,CH,CH3)
H (5)

CH, (CH(CH3)3)
CH, (6)

H (CH(CH,),)

H (5)

Absorption Peaks, u

5.77,5.83, 6.10, 6.34, 6.88,
7.23,8.19,8.6,9.5,9.74,
13.94, 14.35

5.75,60.05, 0.2, 6.3, 8.0,
8.2, 8.66,9.45

5.73,5.83,6.1,6.2, 0.3,
7.95,8.23,8.6,8.75,9.3

5.7,5.79, 6.07,6.62, 6.93,
7.21,8.08,8.25,8.41, 8.72,
9.05

5.74,5.85,6.1,6.25, 6.4,
7.9,8.2,8.46, 8.62, 8.84,
9.4

5.72,5.81, 6.1, 6.35, 7.94,
8.23,8.57, 9.24, 11.62,
13.72

5.68,5.78, 6.1, 6.3, 7.85,
8.2,9.2

5.52,5.7,6.08,6.3,8.1,
8.48.8,9.09.1

5.62,5.83,6.11, 6.34, 6.45,
6.68,7.96, 8.35, 8.63,9.35

5.75,5.82,6.1, 6.25, 6.34, 6.4,
6.69, 8.0, 8.54,9.25,9.35

5.65,5.75, 6.05 6.33, 8.32,
9.85

3.74-5.37, 5.81, 6.10, 6.20,
6.43, 6.88,7.22,8.09,10.0,11.69

3.85-5.16, 5.83, 6.06, 6.19,
6.4,6.81,8.06,10.03

4.0,5.8,0.09,6.2,6.4,8.1
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TABLE 111 (Continued)

XXI (a) 1.37 (S) CH3 (C(CH3)3) 3.7-4.6, 5.8, 6.02, 6.22, 6.45,
2.25 (D) CH;(6) 7.15,7.28,8.55
5.90 S) H (5)

17.00 (S) OH (4, chelated)

11 (a) 2,22 (D) CH3(6) 3.8-5.3,5.74,6.12, 6.39, 7.34.
5.95 (D) H (5) 7.85,10.03,12.91,14.17
7.32-7.65 M) Aromatic
15.90 S) OH (4, chelated)

XII (a,b) 2.34 () CH; (6) 3.6-4.3,5.79, 6.08, 6.23, 6.35,
6.09 (S) H (5) 6.45,6.53, 8.0
7.89(T),8.13-8.65 (M) Aromatic

X111 (a) 2.33 S) CH; (6) 4.3,5.83,6.1,6.3,6.43, 6.6,
6.09 (S) H (5) 8.02
7.75 and 8.33 (AB pattern) Aromatic

XXIV 2.69 ) CH 3 (COCH3y) 3.9,4.3,4.7,588, 6.15-6.2,
6.51 () H (5) 6.3, 6.45, 6.75, 8.02
7.33-7.60 and 7.73-7.96 (M) Aromatic
16.54 (S) OH (4, chelated)

XXV 1.19 (T) CHj3 (COCH,CH3) 3.7-4.08, 5.85, 6.2, 6.45, 6.60,
3.15 Q) CH, (COCH, CH3) 8.09
6.53 (S) H (5)
7.33-7.67 and 7.70-7.95 (M) Aromatic

XXVHI 214 ) CH3 (COCH,COCH3) 3.7-4.1,5.88, 6.15, 6.35, 6.5,
4.1 (S) CH»(COCH,COCH3) 7.41,8.1,10.58,11.95
2.3 (S) CH3(6)

5.96 (M) H (5)
16.23 (S) OH (4, chelated)

XXX 2.3 ) CH 3 (COCH,COCH3) 3.6-4.7,5.86,6.18,6.48, 7.17
4.1 (S) CH ,; (COCH,COCH3) 7,66,7.88,8.32,9.8,10.1 1097,
7.1-7.45 and 7.9-8.2 (M) Aromatic 12.14

Spectra were determined with a Varian A-60 spectrometer in 5-10% solution in CDCl3 using tetramethylsilane as internal reference.
(a) This spectrum was determined with a Varian HA-100 spectrometer. (b) Spectrum recorded in dimethylformamide. S = singlet,
D = doublet, M = multiplet, T = triplet, Q = quartet.

yield by heating I and one equivalent of acetic anhydride
in toluene containing a catalytic amount of either sulfuric
acid, p-toluenesulfonic acid or pyridine; it also could be
made from | and acetic anhydride in dilute aqueous
sodium hydroxide by the Chattaway procedure (9).
Compound XV was readily rearranged to Il with aluminum
chloride as well as by further refluxing in acetic anhydride
containing sulfuric acid or by refluxing in trifluoroacetic
acid. In contrast to the rearrangement of 4-benzoyloxy-6-
methyl-2-pyrone (V) to 3-benzoyl-4-hydroxy-6-methyl-2-
pyrone (111} in trifluoroacetic acid which was accompanied
by considerable degradation of the ester, the rearrangement
of XV in trifluoroacetic acid proceeded smoothly to give
dehydroacetic acid (I1I) in high yield. Very little ester
cleavage was observed.

Acylation of 1 with propionic anhydride and butyric

anhydride proceeded readily in the presence of a catalytic
amount of sulfuric acid to produce the corresponding
C-acylated pyrones, XVI and XVII (Table II). With
trifluoroacetic anhydride and sulfuric acid as catalyst, |
gave the O-acylated compound, XVIII (Table I), an unstable
liquid which hydrolyzed rapidly on exposure to air.

[ was also acylated with propionyl chloride and iso-
butyryl chloride in trifluoroacetic acid to afford the
C-acylated pyrones XV1 and XIX. With pivalyl chloride,
under similar conditions, a mixture of the O- and C-acylated
products XX and XXI was obtained. When [ was reacted
with pivalyl chloride in pyridine, exclusive O-acylation was
observed.

We also made a brief study of the acylation of
4-hydroxy-6-phenyl-2- pyrone (XXII) with acetic anhy-
dride, propionic anhydride, and benzoyl chloride. With
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an excess of acetic anhydride in the presence of a
catalytic amount of sulfuric acid, a mixture of the 0- and
C-acylated pyrones XXIII and XXIV was obtained. The
yields were 20 and 55%, respectively (Scheme 2). Struc-
tures XXIUI and XXIV were supported by elemental and
spectral analyses.  Structure XXIV was further sub-
stantiated when this compound was converted to VI with
hydrochloric acid. On heating XXIII with aluminum
chloride or in acetic anhydride containing a small amount
of sulfuric acid, XXIV was obtained. Treatment of XXII
with propionic anhydride in the presence of a catalytic
amount of sulfuric acid gave the C-acylated product XXV
in good yield, while benzoylation of XXII with benzoyl
chloride in pyridine yielded only the O-benzoylated
product XXVI. Isomerization of XXVI with aluminum

chloride gave XXVII, which was identified by comparison
of its infrared spectrum and melting point with those of
an authentic sample of XXVII (9).

Finally, we investigated the acetoacetylation of I and
4-hydroxycoumarin (XXIX) in benzene containing a
catalytic amount of triethylamine. In both cases, the
products formed were found to be the corresponding
C-acylated derivatives, XXVIIl and XXX. The yields
were 82 and 86%, respectively. No O-substituted products
could be detected (Scheme 3).

Although no detailed mechanistic studies have been
conducted, it appears that the acylation of 1 and XXII
with aliphatic acid anhydrides in the presence of sulfuric
acid proceeds through the intermediate formation of the
ester. The formation of an intermediate ester is confirmed
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by the following observations: (a) Treatment of | with an
excess of acetic anhydride containing sulfuric acid yielded
Il; (b) compound XV rearranged in acetic anhydride con-
taining sulfuric acid under the conditions of the above
mentioned reaction to yield Il; (c) the reaction of 1 with
an equivalent amount of acetic anhydride containing
sulfuric acid yielded XV.

4-Acetoxy-6-phenyl-2-pyrone (XXIII), which was iso-
lated along with 3-acetyl-4-hydroxy-0-phenyl-2-pyrone
(XXIV) from the reaction mixture of XXII and acetic
anhydride containing sulfuric acid, was shown to be an
intermediate by being converted, on further treatment
with acetic anhydride containing sulfuric acid, to XXIV,
Furthermore, the ester XVIIl was observed as the sole
product in the reaction of | with trifluoroacetic anhydride
containing a catalytic amount of sulfuric acid. The
inertness of XVIII to rearrangement is presumably due to
the strong electron withdrawing effect of the trifluoro-
methyl group, which makes the heterolysis of the acyl-
oxygen bond difficult.

The acylation of 1 with aliphatic acid chlorides in
trifluoroacetic acid also appears to produce first the ester
which is then converted to the corresponding 3-acylpyrone.
Actually, the ester was isolated along with the 3-acyl-
pyrone from the reaction involving | and pivalyl chloride.

Similarly, acylation of | with aromatic acid chlorides in
trifluoroacetic acid affords the ester. As was mentioned
carlier, 4-benzoyloxy-6-methyl-2-pyrone (V) was found to
rearrange with difficulty to 3-benzoyl-4-hydroxy-6-methyl-
2-pyrone (1) refluxing trifluoroacetic acid, while
4-acetoxy- 6- methyl-2
arrangement to Il under similar conditions.

-pyrone (XV) underwent facilere-
The resistance
of V to rearrangement in trifluoroacetic acid is presumably
due to the electron withdrawing effect of the aromatic ring,
which makes cleavage of the acyl-oxygen bond difficult.
Steric hindrance is also probably a contributing factor.

EXPERIMENTAL

All melting points are uncorrected and were taken on a
Mel-Temp Capillary melting point apparatus. Infrared spectra were
determined with Baird-Atomic Models AB-2 and 4-55 and Perkin-
Elmer Model 21 spectrometers using potassium bromide pellets of
the compounds. Elemental analyses were performed by the
Analytical Department of the Union Carbide Corporation, South
Charleston, West Virginia. Dehydroacetic acid (11) was the
commercial product of Union Carbide Corporation. Dehydro-
benzoylacetic acid (XXVII) was prepared by the sodium hydrogen
carbonate- catalyzed self-condensation of ethyl benzoylacetate as
described in the literature (10). Compound 1 was obtained by
deacetylating Il as described by Collie (11). Compound XXII was
prepared by debenzoylating dehydrobenzoylacetic acid by the
method of Arndt (10).

Reaction of 4-Hydroxy-6-methyl-2-pyrone (1) with Benzoyl Chlo-
ride in Trifluoroacetic Acid.

I'. Stephen and J. K. Chan

Vol. 6

The procedure used in this experiment was the same as that
described by Woods and Dix (3). A mixture of 1 (11.4 g., 0.1
mole), benzoyl chloride (14.1 g., 0.1 mole), and trifluoroacetic
acid (20 ml.) was refluxed until hydrogen chloride evolution
ceased. The mixture was then poured into 100 ml. of water and
chilled. The solid formed was recovered by filtration. Recrystal-
llLdthll of this solid from ethanol gave 5.2 g, of a white solid, m.p.
8789°.  The compound was identified as V by spectrdl and
elemental analyses. No product with a melting point of 70 71° could
be isolated. Only unchanged starting material (I) and some
benzoic acid were found in the filtrates.

4-Benzoyloxy-6-methyl-2-pyrone (V). The following procedure

illustrates the general Method A.

Benzoyl chloride (145 g., 1.03 moles) was added dropwise over
a period of 14 minutes to 2 stirred solution of I (126 g., 1.0 mole)
in 750 ml. of pyridine at 0°. After the addition was completed the
mixture was stirred at room temperature for 1 hour and then
allowed to stand overnight. The mixture was poured into 3 1. of
10% hydrochloric acid,and the solid which separated was collected
by suction filtration. Crystallization of this material from
ethanol afforded 192.7 g. (84%) of V, m.p. 87.89°.

3-Isobutyryl-4-hydroxy-6-methyl-2-pyrone (XIX).
procedure illustrates the general Method B.

A mixture of 1 (12.6 g., 0.1 mole) and isobutyryl chloride
(11.7 g., 0.11 mole) in 30 ml. of trifluoroacetic acid was heated
at a bath temperature of 85° for 1 hour and then at 125° for 3
hours. The hot solution was poured into 100 ml. of water,and the
oil which separated bolldmed on cooling. Filtration gave 10.9 g.
(56%) of XIX, m.p. 70- 73° An analytical sample was recrystallized
from methanol, m.p. 75- 77°. Evaporation of the aqueous filtrate
above gave 5.2 g. of unchanged I, m.p. 184-186°.

3-Acetyl-4-hydroxy-6-phenyl-2-pyrone (XX1V) and 4-Acetoxy-6-
phenyl-2-pyrone (XXIII). The following procedure illustrates the
general Method C.

A solution of XXII (41.4 g., 0.22 mole) in 145 ml. of acetic
anhydride containing 12 drops of concentrated sulfuric acid was
heated under reflux for 1 hour and then poured while hot into
1300 ml. of water. The solid which iormed was collected by
filtration to give 43.7 g., m.p. 136- 146°. Recrystallization from
ethyl acetate gave 25.5 g. of XXIV, m.p. 168- 170°. Evaporation
of the ethyl acetate mother liquor afforded 17.9 g. of a pale
yellow solid, m.p. 68- 110°. This was dissolved in 150 ml. of
benzene and the solution was washed with 100 ml. of 10% sodium
carbonate solution. The benzene layer was separated, dried over
magnesium sulfate dnd concentrated in vacuo to give 14.2 g. of a
solid, m.p. 75 80°. Recrystallization of this material from
benzene-cyclohexane mixture gave 10.1 g. (19.95%) of XXIII, m.p.
77-80°. Acidification of the carbonate solution furnished 3.6 g. of
solid, which upon recrystdlllzatlon from ethyl acetate gave 2.5 ¢.
of XXIV, m.p. 169- 171°. The combined yield of XXIV was
55.3%.

The original aqueous flltrdte on standing deposited 3.7 g. of
unchanged XXII, m.p. 239-243° dec.

The following

Conversion of 4-Acetoxy-6-phenyl-2-pyrone ( XXIII) to 3-Acetyl-4.-
hydroxy-6-phenyl-2-pyrone (XXIV) in Acetic Anhydride.

A solution of 4-acetoxy-6-phenyl-2-pyrone (1 g.) in 5 ml.of
acetic anhydride containinga catalytic amount of sulfuricacid was
refluxed for 1 hour. The mixture was poured into excess water,
and the solid which precipitated was collected. Recrystallization
from ethyl acetate furnished 0.7 g. (70%) of 3-acetyl-4-hydroxy-6-
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phenyl-2-pyrone.  The mixed melting point w1th authentic 3-
acetyl-4-hydroxy-6-phenyl-2-pyrone was 169- 171°
3-Benzoyl-4-hydroxy -6 -methyl-2-pyrone (IlI).
procedure illustrates general Method D.

The following

A mixture of finely powdered V (167 g., 0.73 molc) and
anhydrous aluminum chloride (668 g.) was heated at 100° for
2.5 hours. The resulting complex was decomposed with ice and
dilute hydrochloric acid, and the solid which separated was collected
by filtration and extracted with dilute aqueous sodium carbonate
solution. Acidification of the carbonate solution and recrystalliza-
tion of the yellow solid thus ubtdmcd tfrom methanol afforded
122 g. (73%) of 111, m.p. 108-110°.

Rearrangement of 4-Benzoyloxy-6-methyl-2-pyrone (V) to 3-
Benzoyl-4-hydroxy-6-methyl-2-pyrone (111).

A solution of V (10 g., 0.043 mole) in 30 ml. of trifluoro-
acetic acid was refluxed for 16 hours. The mixture was poured
into 200 ml. of water. After chilling in ice for several hours the
precipitate was collected by filtration,and the filtrate was evapo-
rated to dryness in vacuo to give a second crop. The combined
crude solid (6.7 g.) was mixed with 5% sodium bicarbonate solution
(2 x 100 ml.),and the insoluble solid was collected by filtration.
R,ecrystdlluatmn of thlb solid from ethanol afforded unchanged
V., 191 g., m.p. 84- 86°. Acidification ot the bicarbonate solution
furnished 2.00 g. of solid, m.p. 100-1 18°, which was collected by
filtration.  The infrared spectrum (potassium bromide disc)
indicated that this material consisted of a mixture of benzoic acid
and a compound which displayed absorption bands at 5.7, 6.1,
6.4, 6.45, 11.1, 11.87, 12.0 and 12.95 gx. The nmr spectrum
(deuteriochloroform) showed a doublet at & 2.19 (CHj), a

0

doublet at 5.73 (:(lll(l{-), a co 1plex multiplet pattern at 7.28-7.65,
a multiplet pattern at 8.00-8.23 (aromatic protons) and a broad
peak at 15.15 (OH); it was consistent with a mixture containing
93 mole % of benzoic acid and 7 mole % of 3-benzoyl-4-hydroxy-
6-methyl-2-pyrone. No attempt was made to resolve the mixture.
Evaporation of the aqueous filtrate above to about one half of its
original volume resulted in the separation of 1.6 g. of material,
m.p. | 14-170°. Analysis of this material by infrared spectroscopy
indicated that it consisted of a mixture of triacetic acid lactone
and benzoic acid.

4-A cetoxy-6-methyl-2-pyrone (XV).

(a) A solution of 1 (12.6 g., 0.1 mole), acetic anhydride
(10.5 g., 0.1 mole) and 2 drops of concentrated sulfuric acid in
100 ml. of toluene was heated in a flask equipped with a 0-inch
glass-packed column topped with a stillhead. The mixture was
heated for 1 hour, acetic acid being removed azeotropically as it
was formed. Addition of hexane to the cold toluene solution
resulted in the separation of 11.9 g. (71%) of XV, m.p. 4245°,
Recrystallization from a toluene-hexane mixture did not change the
melting point.

(b) Compound XV was also prepared by the Chattaway proce-
dure (9). To asolution of triacetic acid lactone (23.3 g., 0.185 mole)
in 10% sodium hydroxide solution (100 ml.) was added crushed ice
(100 g.) and acetic anhydride (60 ml.). The mixture was shaken
vigorously for several minutes, and the oil which separated was
extracted with benzene. I'he dried (magnesium sulfate) benzene
solution was evaporated under reduced pressure,and the oil was
crystallized from a toluene-hexane mixture to give 25.2 g. (81%)
of XV, m.p. 43-46°.

Conversion of 4-Acetoxy-6-methyl-2-pyrone (XV) to Dehydro-
acetic Acid (11) in Trifluoroacetic Acid.

Acylation of 4-Hydroxy-6-methyl-2-pyrone and 4-llydroxy-6-phenyl-2-pyrone 21

A solution of 4-acetoxy-6-methyl-2-pyrone (10 g., 0.06 mole)
in 30 ml of trifluoroacetic acid was heated under reflux for 15.5
hours. The mixture was poured into 200 ml. of water. The
precipitated dehydroacetic acid, 8.0 g. (80%), m.p. 110- 114°, was
collected by filtration. A mixture melting point with an authentu
sample of dehydroacetic acid was undepressed. The filtrate was
evaporated to dryness under reduced pressure; the residue thus
obtained was recrystallized from water using charcoal to give | g.
of triacetic acid lactone, melting point and mlxed melting point
with authentic triacetic acid lactone, 185- 188°.

Conversion of 4-Acetoxy-6-methyl-2-pyrone (XV) to Dehydro-
acetic Acid (I1) in Acetic Anhydride.

A solution of 4-acetoxy-6-methyl-2-pyrone (7.2 g., 0.043 mole)
in 21.6 ml. of acetic anhydride containing a small amount of
sulfuric acid was heated under reflux for | hour. The mixture was
poured into water,and the solid which separated was collected by
filtration. Crystallization of this material from methanol u:smg
charcoal gave 5 g. (69.4%) of dehydroacetic acid, m.p. 110-] 12°,

3-Acetoacetyl-4-hydroxy-6-methyl-2-pyrone (XX VIII).

Diketene (106.4 g., 1.3 moles) was added to a mixture of i
(140 g., 1.1 moles) and benzene (900 ml.) contammg 3 g of
triethylamine over a period of 25 minutes at 80°. The mixture was
further refluxed for 1 5 hours. On cooling 192.3 g. (82%) of
XXVII, m.p. 106- 109°, crystallized from solution. Recrybtdllua-
tion from cyclohexane raised the melting point to 107- 109°
(lit. m.p. 1177y (12).

3-Acetoacetyl-4-hydroxycoumarin (XXX).

A mixture of XXiX (8.1 g., 0.05 mole), triethylamine (0.15 g.)
and benzene (50 ml.) was refluxed while adding diketene (4.5 g.,
0.053 mole) over a 25-minute period. After the addition the
mixture was refluxed for an additional 1.5 hours. The solid which
separated on cooling was collected by filtration giving 10.6 g.
(86%) of XXX, m.p. 130- 133°. RCLI‘ybtdlll?dthﬂ from toluene
raised the melting point to 135- 136° (lit. m.p. 134° ) (13).

Rearrangement of 3-Benzoyl-4-hydroxy-6-methyl-2-pyrone (1il)
to 2-Methyl-6-phenyl-4-pyrone (VI) with Hydrochloric Acid.

Finely powdered HI (1 g.) was suspended in 28 ml. of
concentrated hydrochloric acid,and the mixture was refluxed for
5 hours. After cooling the solution was poured into 40 ml. of
water. The solution was then neutralized with 30% bodlum
hydroxide solution. On btdndmg 0.8 g. of solid, m.p. 44- 47
separated. This material was collected and dissolved in benzene.
Evaporation of the benzene gave a crystalline residue which was
recrystallized from heptane to give 0.5 g. of VI, m.p. 8587°,
(lit. m.p. 85 87%) (14).

VI was also obtained when XXIV was treated with con-
concentrated hydrochloric acid.
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