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Effects of 5-Acyl Substituents on Some Properties of Pyran-2,4-diones
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The effects of 5-acyl substituents on the tautomerism of pyran-2,4-diones are revealed by comparison of
theu.v.,i.r, 'H, and '3C n.m.r. spectral properties of 5-acetyl-6-methyl-, 5-acetyl-6-phenyl-, 5-benzoyl-
6-methyl-, and 3,5-diacetyl-6-methyl-pyran-2,4-diones (3)—(6), with those of 6-methyl- (1) and 3-
acetyl-6-methyl-pyran-2,4-dione (2). The differences in the behaviour of the 5-acyl and 3-acyl
derivatives towards primary amines are also discussed. Compound (6) reacts with aniline to form 5-
acetyl-2,6-dimethyl-1-phenyl-4-oxopyridine-3-carboxylic acid (7).

Pyran-2,4-diones may exist in the tautomeric 4-hydroxy-2-
pyrone or 2-hydroxy-4-pyrone forms, the dioxo form being
unimportant. The tautomeric equilibrium of 2- and 4-pyrone
could be affected by the nature and orientation of substituent
groups as well as by the physical state. Thus, the 2-pyrone form
appears to be the predominant tautomer for 3,5-dimethylpyran-
2,4-dione."! On the other hand, 6-methylpyran-2,4-dione (1)
appears to be associated in the solid state, through strong
intermolecular hydrogen-bonds with cyclic electron delocaliz-
ation which facilitates interconversion between the 4-hydroxy-
2-pyrone and 2-hydroxy-4-pyrone forms. However, in dilute
solutions, the 2-pyrone form is favoured.? This is consistent
with the observation that 4-methoxy-2-pyrone is more stable
than 2-methoxy-4-pyrone by at least 12.5 kJ mol ! at 140 °C.?

A 3-acyl substituent could further enhance the preference for
the 2-pyrone structure by forming a conjugate chelate ring
through strong intramolecular hydrogen-bond with the 4-
hydroxy-group. This has been confirmed for 3-acetyl-6-methyl-
pyran-2,4-dione (2) by various studies.*-> Changing the acyl
substituent from C-3 to C-5, however, produces some
interesting and significant effects. 5-Acetyl-6-methyl-, 5-acetyl-
6-phenyl-, and 5-benzoyl-6-methyl-pyran-2,4-diones (3)—(5)
have been synthesized but there is no complete agreement
among previous workers regarding their detailed structures.
Butt and Elvidge® first prepared compound (3) and assigned
to it the 2-hydroxy-4-pyrone structure, while Omori e/ al.”
suggested the 4-pyrone structure in the solid state but the 2-
pyrone structure in solution. Butt and Elvidge also assigned the
4-hydroxy-2-pyrone structure to compound (4) and postulated
a tautomeric change to the 2-hydroxy-4-pyrone structure when
heated above its m.p. (168 °C). However, Ziegler and
Hradetzky® showed that the thermal reaction was not a
tautomeric change but a rearrangement from compound (4) to
(5). They also prepared 3,5-diacetyl-6-methylpyran-2,4-dione
(6)° and assigned 4-hydroxy-2-pyrone structures to all three
compounds (4)—(6).

In the course of our studies on the acidities of hydroxy-
pyrones, we have re-examined u.v,, ir., and 'H n.m.r. spectra of
compounds (3)-—(5)'° and have now recorded the same for
compound (6) as well as '*C n.mur. spectra of all four
compounds. Comparison of these spectral data (Tables 1 and 2)
with those of compounds (1) and (2) affords an insight into the
influence of the C-5 acyl group on the tautomerism and some
other properties such as m.p. and reactivity towards primary
amines.

Results and Discussion
The 2-pyrone ring, though pseudoaromatic, shows considerable
localization of m bonds!' with much higher electron density

Absorbance

1-0p

e e

350

| 1

250 300 400
A/nm

Figure. U.v. spectra of compound (3) in dichloromethane (A),

chloroform (B), ethanol (C), dioxane (D), and 80%, (w/w) DMSO-H,0

(E)

between C-3 and -4 than between C-4 and -5 so that the 5-acetyl
and 4-hydroxy-groups of compound (3) cannot be expected to
form an intramolecular hydrogen-bond of similar strength to
that in the isomeric compounds (2). Moreover, the absence of a
substituent at C-3 allows the possibility of association through
intermolecular hydrogen-bonds similar to the type present in
compound (1). Hence compared to compound (2), isomer (3)
shows a much less overwhelming preference for the 2-pyrone
structure and a greater inclination towards the 4-pyrone
tautomer. The much shorter wavelength of the u.v. absorption
of (3) than (2) and the absence of v(C=0) >1700 cm ! in the
i.r. spectrum were cited by Butt and Elvidge as evidence for the
4-pyrone structure. In addition, the u.v. absorption of (2) is
practically the same in different solvents. However, the u.v.
spectra of (3) in different solvents (Figure) suggest varying
equilibria between tautomeric forms. Moreover, the ir. spec-
trum of (3) in the solid state (KBr) shows clearly the very strong
and broad OH stretching bands at 3 100—2 400 cm™! typical of
association vig intermolecular hydrogen-bond as in compound
(1) and strong C=O absorption at 1670 cm™!, but in its ir.
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spectrum in solution (CHCI;) the OH band is now broad and
weak and the C=0 absorption shifts to 1760 cm™!, suggesting
intramolecular hydrogen-bonding and 2-pyrone structures
respectively.

Compounds (4) and (5) also show major u.v. absorptions in
the region 260—280 nm and these also change with solvents
although no definite trend could be detected for these changes.
Their i.r. spectra in KBr also show the strong and broad bands
of strongly intermolecularly hydrogen-bonded OH groups.
Compound (4) resembles (3) in showing similar changes in the

pyrone carbonyl absorptions in its i.r. spectra in the solid state
and in solution but compound (5) shows carbonyl stretching
> 1700 cm™! in both states.

Compound (6), on the other hand, resembles (2) in its
u.v. absorptions and its i.r. spectra show a weak and broad
intramolecularly hydrogen-bonded OH band and carbonyl
stretching of the 2-pyrone both in solid state and in solution,
thus indicating that when both 3- and 5-acetyl groups are
present, 4-hydroxy preferentially chelates with the 3-acetyl

group.



1319

1984

J. CHEM. SOC. PERKIN TRANS.

"OSIA[°H,] ut (§) pue ‘(p) ‘(1) spunodwos jo asoyl pue F[DQD ul pauleIqo aam (L) pue (9) (€) ‘() spunodwod jo enoads rwru Y, , ‘A11[1qnjos 100d O} 3np pasn 219m suonN[os pAreinies |

(w) 06$1
897 (w) 0651 (M) 0£91
09¢ (w) 0791 (4s) 0691 (ys) 56 () 00¢ (m) 00€ (M) 00€
O ov-)
(yd) 0s'L 00¢ SILl (s) O1L] (s) 01L1 (L) 092 (Lvy) 79T (Tey) 19t (TTy) 79T
(€-Dwe
IN-IY)
89'C (M) 0961 (m) 0951
(§-Dwe (s) 0191 (s) 0191
AN-OV)
T (w) 50L1 (s) soL1 (ys) o1¢ S0¢ 413
(B-9) 0¥'T 6Ll (s)y spL1 (s) spLl 89 8TC 444 olt 413
(0. 05-)
£e° 11 0LS| 0291
0991 SL91
(yd)
YLL—bSL (s) 0€L1 (s) ogL1 (ys) 08¢ (ys) 0L2 () 082 (ys) L2
(D. §7) (m°q) (s‘q)
(H€£)9S (OW-9 0T A mm.o_v 00vT—00¥E 00¥7T—00Z€ (6v'¥) 85T (6¥'v) 8¥C (0S'y) 05T (6v'¥) 09T
D. 0§ —
66’11 0sS1 0951
(8) 0991 0791
(4yd) 9$°L (sy ovLl (s) 6891 o1¢ 80¢ (m) 0Zg Sie (q ‘m) 0zg
GW-avy) (0.5 (m “q) (% q)
(H-t) €9 $6'1 S9'11 00¥7T—00v€ 00vZ—001€ (S0'p) s6T (96°€) §ST 09¢ (€0'v) 09 (€1%) 99T
orst (w) 0961
(D:-05—)
(GW-V) 08Tt () §L91 (s) 0091
69'C (s) 0SL1 (s) 0491 (ys) 06T (Ys) s67 (ys) s6C (4s) s6T
(O s2) (m Q) (s‘q)
(H-€)2ss  (GIN-9) €9T 1€l 00vZ—00vE 00vT—00€€ (L8°€) 8T (L6°€) 09T ($6°¢) 9T (00'v) 897
(s) 08$1
D. 05-)
w9t (s) 0591 (s) 5651
(AW-V) (s) OEL1 () S¥91
9T 0SL1 (s) szL1
0. s¢) (m°q) (€TY) S6C
(H-$) 09 (-9 87T 8991 (9) 00s¢€ 0097—00%¢ (80%) 01¢ (06°€) 0£C ol¢ (Zov) 01€ (€0¥) 01¢
(s) 08S1 (M) €961
(M A) 6491 P6S1 ‘0€91
(H-S) $6°S (s)y soL1 (m) 1991
(H©)sTs  (PW-9) 61T (19} 0T 11 (ys) oTL! (s) 0TLl (8L°€) ¥8C (98°€) 9LT (TLe) ¥8T (LLE) ¥8T
$12410 ‘HO HO ‘IDHD gy—oMN  191em-OSINA %08 loueyig +auexayopA)y suexoid ‘IDHD )

ERFSULERLEILEE D)

1

wa/A

ﬁ
(3°'30]) wu/ ™y

(L)1) spunodwod 10§ BIEp (RIS "I'WU H, PUB “I'T “A'(] ‘| JqE]

881

96—56

0cC

991—591

6S1—8S1

[11—80I

631—881
(O dN

w

0]

(s)

(2]

(©)

@

(1)

punodwo))




1320

J. CHEM. SOC. PERKIN TRANS. Il 1984

Table 2. Carbon-13 chemical shifts of compounds (1)—(7) in CDCl, at 35 C ° [5 (p.p.m.) from Me,Si]

numbering of carbon skeleton

Compound 8} (2) 3) (C)] (5) (6) 7
Assignment

C-2 167.74 (s) 161.18 (s) 161.52 (d, 3.1) 161.16 162.04 159.87 159.3
C-3 89.26 (dd, 168, 3.6) 99.92 90.42 (d, 151.0) 90.81 90.8 99.39 130.3/115.0
C-4 172,13 (¢, L.7) 181.17 (5.3, 1.8)  170.35(d, 3.3) 169.2 168.6 179.95 177.1

C-5 101.6 (dq, 170, 3.5) 101.46 (173, 3.7)  111.39 (br, s) 110.62 110.61 11592 115/130.3
C-6 163.61 (q, 6.4) 169.18 (6.3) 172.86 (q, 6.3) 170.02 170.83 172.17 148.8
C-7 205.23 (6.5) 205.61 166.7
C-8 202.27 (q, 5.4) 204.2 197.84 196.71 201.8
C-2! 19.2
C-6! 19.79 (dq, 129.5, 2.8) 20.69 (120, 2.7) 22.99 (q, 131) 2215 20.07 20.6
Cc-7' 29.97 (129.6) 29.63

C-8! 328 (q, 129) 31.28 3229 318
ortho-H 129.55 128.87 1309
meta-H 129.23 129.24 127.5
para-H 132.8 134.13 130.7
ipso-H 132.55 138.7 138.95

@ 1Jc_n and 2J-_y, values in brackets

Although 'H n.m.r. spectra of compounds (3) and (5) were
previously recorded, the enolic proton was detected only for
compound (3). These spectra as well as that of compound (6)
have now been studied at low temperatures. Not only are
signals of enolic protons detected for all four compounds but
the structural effects on the chemical shifts of methyl and
phenyl signals reveal significant information. The enolic
protons of compounds (3}—(5) (in CDCl,) at 25 °C give broad
signals at & 12.31, 11.65, and 10.35 p.p.m., respectively. These
sharpen and move downfields to 12.80, 11.99,and 11.33 p.p.m. at
—60 °C. When compared with the enolic proton signal given
by compound (2), these considerably higher field signals of
compounds (3)—(5), their relative breadth at ambient tem-
perature, and their much more marked movements downfield
on lowering of temperature are all consistent with weaker
hydrogen-bonds, faster exchange, and possible intermolecular
association!? (in chloroform) as deduced from other observ-
ations. Compound (6), on the other hand, shows a sharp signal
even at 35°Catd 17.9 p.p.m,, ca. 1.2 p.p.m. lower field than that
of compound (2), confirming the presence of very strong
intramolecular hydrogen-bond which may have been enhanced
by the steric crowding due to the 5-acetyl group.

The presence of the 5-acetyl group also produces deshielding
effect on the 6-methyl protons in compounds (3) and (6), when
compared with compounds (1) and (2). However, the 6-methyl
protons of compound (5) give a significantly higher field signal,
most probably as a result of being in the shielding region of the
phenyl group which therefore must be orthogonal to the pyrone
ring. Similarly, the 6-phenyl group in compound (4) exerts
shielding influence on the methyl protons of the 5-acetyl group
which resonate at much higher field than the similar protons of
compounds (2) and (3).

The '*C n.m.r. spectrum of unsubstituted 2-pyrone clearly
shows alternation of m-electron densities around the ring.'°
Assignments of the !'3C signals of compounds (3)—(6) have
been made taking into account the effects of substituent groups.
A hydroxy group deshields the x-carbon by inductive effect but
shields a B-carbon by resonance effect. Both methyl and acetyl

groups deshield an «-carbon. The methyl carbons attached to
C-6 resonate in the range 19—22 p.p.m., while those of the
acetyl group are in the range 26—31 p.p.m. The lowest field
signals are assigned to the side-chain carbonyl carbons. Using
acetophenone as model compound, hydrogen-bonding in o-
hydroxyacetophenone produces a pronounced downfield shift
of 6—7 p.p.m. This effect is clearly seen in the low field
resonance of the acetyl carbon in compound (2). In view of the
much weaker hydrogen-bond of compounds (3) and (4), it is
surprising that their acetyl resonances occur at comparably low
field. A possible explanation could be the steric interaction with
the 6-substituent twisting the acetyl group out of plane, thus
minimising the conjugation of the acetyl group with the =«
system of the pyrone ring: an analogous effect has been
observed with some sterically hindered acetophenones.!® The
benzoyl carbon of compound (5) resonates at higher field, with
a chemical shift comparable to that of the acetophenone
carbonyl because of its conjugation with the phenyl group
although it might be out of plane with the pyrone ring. In line
with the above, the signals of compound (6) at  205.6 and 196.7
p.p.m. have been assigned to the 3- and S-acetyl carbonyl
carbons respectively.

Thus, the spectral studies discussed above have revealed
pronounced effects of the different positions of the acyl
substituent at C-3 and -5 on the properties of these pyran-2,4-
diones. The 3-acyl group, by virtue of formation of a conjugate
chelate ring, favours overwhelmingly the 4-hydroxy-2-pyrone
tautomer for compounds (2) and (6). The 5-acyl group, on the
other hand, cannot form similar chelate rings and hence
compounds (3)—(5) show varying degrees of tautomeric
equilibria between 2- and 4-pyrone forms with intermolecular
association, at least in the solid state and possibly in non-polar
solvents. The latter deduction is also consistent with observed
large differences in m.p.s between the two groups of compounds.
Compounds (1), (3), (4), and (5), existing as associated
molecules, have higher m.p.s than compounds (2) and (6) which
exist as discrete intramolecularly hydrogen-bonded molecules.
Moreover, it is noted that compound (2) sublimes readily
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under reduced pressuré its isomer (3), does so much less readily
and at higher temperatures.

Differences in reactivity of compounds (2)—(5) towards
primary amines may also be correlated with structural
differences. An acyl-substituted pyrone could, at least theoreti-
cally, react with a primary amine at either the side chain
carbonyl to yield a Schiff’s base or at the pyrone ring to form a
pyridone. The position of the acyl substituent apparently has
pronounced effect on the competition between these two
possible reactions. The 3-acetyl group in compound (2) reacts
with a number of aliphatic and aromatic amines readily, giving
Schiff’s bases'*'* often with high yields. This is reminiscent of
the observed ease of reaction of o-hydroxyacetophenone but
lack of reactivity of the m- or p-isomers and the unsubstituted
acetophenone towards primary amines. These Schiff’s bases of
(2) have been prepared without added catalysts under milder
conditions than those generally required for Schiff’s bases of
aromatic aldehydes and ketones. As Schiff’s base formation is
accelerated by general acid catalysis,'® the intramolecularly
hydrogen-bonded 4-hydroxy-group could provide an internal
catalytic effect.'” Moreover, similar chelation could also
stabilise the products and thus contribute to their ease of
formation.

An acyl group at C-5 would withdraw electrons from C-6,
facilitating attack by the amine at this site. Wiley and
Slaymaker !'® found that 5-aroyl-2-pyrones were converted to
pyridones by reaction with amines. The reactions of compounds
(3)- (5) with amines are probably more complex as the
intermediates formed by cleavage of the pyrone ring are 3,5-
dioxocarboxylic acids and their decomposition could compete
effectively against recyclization to pyridones. No crystalline
products have been isolated from reactions of compounds
(3)—(5) with aniline.

Compound (6), on the other hand, with acetyl substituents at
both C-3 and -5, reacts readily with aniline to give a crystalline
1:1 molar condensation product. This could conceivably be a
mono-Schiff’s base [structure (7a)] formed at the more reactive
3-acetyl group or either of the pyridones (7) or (7b) formed by
attack of aniline at C-6 followed by recyclization in two
different ways. The 'H n.m.r. spectrum (at —40 °C) shows a
sharp, lowfield signal at & 17.2, suggestive of a strongly
hydrogen-bonded OH proton and therefore inconsistent with
structure (7a). The NH protons in analogous Schiff’s bases
recently studied'® generally resonate at & 13—16 p.p.m.
Moreover, one of the three methyl signals in the parent
compound (6) has now shifted considerably upfield to & 1.98
whereas such a change is not expected on formation of a
Schiff's base.!* The coupled !'3C nmr. spectrum
shows only one acetyl C=O at & 201.8 p.p.m. thus
eliminating the possibility of structure (7b) but
favouring structure (7). The other two quartets at higher fields
8 159.3 and 148.8 p.p.m. are identified as ring carbons attached
to methyl groups, namely C-2 and -6. For confirmation, 2,6-
dimethyl-1-phenyl-4-oxopyridine (8)'° has been prepared as a
model compound. The aryl protons in the '"H n.m.r. spectra of
(7) and (8) are strikingly similar and the methyl signal of (8) at &
1.92 is very close to the high field methyl signal also noted in the
spectrum of (7) which may now be assigned to the 2-methyl
group. In the '3C spectra, the phenyl carbons of compound (7)
match very well those of compound (8) and are 1—3 p.p.m.
lower field than those of Schiff’'s base of compound (2),
probably due to the electron-withdrawing effect of the in-
volvement of the nitrogen in a pyridone ring. The '*C chemical
shifts of the ring methyl and the C-4 carbonyl carbons of
compounds (7) and (8) are also in agreement. There remains
some uncertainty in the assignment of the singlets at 3 115.0
and 130.3 p.p.m. to C-3 or -5.

1321

The rather striking difference in behaviour of compound (6)
from (2) and (3) towards aniline may now be related to the
previously noted difficulty in measuring the pX of compound
(6).'° Its instability in 80°, DMSO-water solution, as shown by
changes in u.v. spectrum, is probably the result of nucleophilic
cleavage of the pyrone ring at C-6. The combined electron-
withdrawing influence of two acetyl groups predisposes the ring
to reaction with nucleophiles.

Experimental
Compounds (3)—(6) and (8) were prepared according to
literature procedures.®-8-%-1°

U.v. spectra were recorded with a Shimadzu spectrometer
model UV240 using matched 1.0 cm silica cells. Solutions of
concentrations ranging from 40 x 103 to 9 x 10 M were
prepared using redistilled solvents. L.r. spectra were recorded
on a Unicam SP 1000 spectrophotometer for KBr discs or Nujol
mulls. Spectra for the solutions (in spectroscopic grade chloro-
form) were obtained using NaCl cells of 1.0 mm path length.

'"H N.m.r. spectra were recorded with a Perkin-Elmer R32
spectrometer at 90 MHz and '*C n.m.r. spectra with Bruker
HFX-270 and JEOL JMN FX-100 spectrometers.

S-Acetyl-2,6-dimethyl-1-phenyl-4-oxopyridine-3-carboxylic
Acid (Ty—Compound (6) (160 mg) was refluxed with aniline (90
mg) in ethanol (8 ml) for 10 min. 5-Acety!-2,6-dimethyl-1-
phenyl-4-oxopyridine-3-carboxylic acid was recrystallised from
ethanol, m.p. 188° (Found: C, 67.15; H, 5.45; N, 4.6.C, ,H,sNO,
requires C, 67.4; H, 5.3; N, 4.9%).
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