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NEW SYNTHETIC APPROACHES TO 4(1H}-PYRIDINONE OERIVATIVES
THE SYNTHESIS OF 3-ACYL-4(1H)-PYRIDINONES

Riaz F. Abdulla,* Lawrence A. Morgan, and James C. Williams, Jr.

Li1ly Research Laboratories, Division of E17 Lilly and Company, Greenfield, Indiana 46140

Abstract - The synthesis of 3-alkanoyl and 3-benzoylpyridin-d-ones is described from
1,3-diketones (5,11) or their equivaients. A novel Cu‘-acylation of enaminones is

described.

The ocutstanding activity of ﬂuriclone1 (1) as a terrestrial and an aguatic herbicide has
stimulated considerable work 1n these lapboratories toward discovering alternative methods for the
synthesis of 3,5-disubstituted fl(lH)—pyr‘idinones.2'dr As part of our continuing studies, we

report in this article the synthesis of 3-acyl-5-ary1-4{1H)-pyridinones (2}.
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Table 1

7 R R] mpOC Percent Yield
CF CH 131-132 638

a 3 3

b CF, CHyCH, 136-138 35

c CF, n-pr 93-94 10

d CF, i-Pr 104-105 61

e Br CHy 197-194 54

£ Chy0 CHy 147-149 4z

g cl thy 175-177 51

The facile synthesis of a pyridinone with a 3-carboethoxy function reported ear]iera, prompted us
to attempt the acylation of a substituted diethylstyrylamine with diketene under analogous
cenditions. The presence of the required s-ketoacylstyrylamine could not be detected in the
reaction mixture. This failure was attributed to the intervention of an enolate form of the
dicarbonyl group in the intermediate which can readily cyclize to a pyranone derivative with
elimination of diethylamine.5 Therefore, we next attempied to construct the pyridinone ring
around a preformed g—dicarbonyl system. The condensation of substituted phenylacetic acid esters

with methy1 alky? ketones by Miuhlemann's pr-u::edure5

, gave the required p-diketones (5) in a state
of high purity. Bis—formylation with an excess of N,N-dimethylformamide dimethyl acetal at
reaction temperatures beleow 150% followed by annelation with agueous 40% methylamine in THF gave
3-keto-4(1H)-pyridinone derivatives (7} in yields ranging from 10 to 63% based on g~diketone

(Scheme 1),

Attempts to apply Mihlemann's reaction conditians6 to the aryl methyl ketones (8) were
unsuccessful as self-condensation was more facile than the desired Claisen reaction. A convenient
alternative means of effecting acylation was to convert the aryl methyl ketanes into their
morphoiine enamines by refluxing in toluene with an excess of morpholine using p-toluenesulfonic
acid as a catalyst. Rapid separation of water was monitored in a Dean Stark trap. Acylation of
the enamines {9) with substituted aryl or aryloxyacetyl chtorides was uneventful and afforded
E,Z-mixtures of enaminunes.g These were usually hydrolyzed without purification to the required

3

s-diketones {11) and an annelation sequence” gave the required 3-benzoyl-4({1H)-pyridinones (12)

(Scheme 2).
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Table 2
12 R R1 mp°C Percent Yield
a nPCanPh- m—CFaPh- 115-116 27
b Ph- m—CF3-Ph- 140-141 22
c UFCF3—Ph— PhO- 170-172 56

In the instance of pyridinones (2} with certain substituents (R=1,l-dimethylethyl, 1,1-di-
methylpropyl or methoxymethyl), both of the preceding routes failed to afford preduct in amounts
required for biological evaluation, though trace amounts were present. This recalcitrance could be
gue to steric hindrance posed by the t-alkyl groups in the condensation steps (Mihlemann procedure)

and by the resistance of t-alkyl methyl ketones toward enamine fonﬂation.lo

We therefore developed a new approach to the required pyridinones, using as the key step a hitherto

unreported enaminone acylation reaction. While the alkylation of related enaminones has been

11,12

recently reported by others at the o«'-position, no reperts of o'-acylation appear in the

)14 with LDA in THF at -80%C gave the anion

]iterature.13 Thus, treatment of enaminone {15
{13), which was smoothly acylated with the required t-alkanoyl chloride or the alkoxyacetyl
chloride, respectively, to give a'-acylated enaminones, which couid be cyclized to the required

pyridinones in the usual manner.2 The averall synthatic route s shown in Scheme 3.
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Scheme 3
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Table 3
1 0 .
17 R R mp~C Percent Yield
a CF3 MESC 80-88 19
b CF3 MeCHEC{Me)z 108-110 10
C CF3 MeOCH2 140 d 21

In summary, we have extended our pyridine ring synthesis to give us 3-acyl- and 3-benzoyl-4(1H)-
pyridinones either from s-diketone precursors or via unprecedented a'-acylation of enaminones. The
versatility of these routes enables one to prepare pyridine rings with a plethora of different

substituent groups in the 3 and S—positions.15

EXPERIMENTAL SECTION

1-{m-Tri fluoromethy1phenyl)-pentan-2,4~dione (5a):

To a stirred suspension of 40 g (1 mal} of sodium amide in 400 ml1 of anhydrous ether under N2 at
30°C was added a mixture of 116 g (0.5 mol} of ethyl m-trifluoromethylphenylacetate and 40 g

{0.68 mol) ﬁf acetone, dropwise over 1 hour. Vigorous reflux and evolution of ammonia occurred
during addition. After addition, the reaction mixture was stirred for 4 hours and then cautiously
poured in one batch into 1.5 L of ice water with stirring. One 1iter of ether was added and the
unreacted components were extracted into the organic phase. The clear agueous extract was
acidified to pH 5.0 with 2N HC1 and them to pH 7.5 with sodium bicarbonate solution. Three

extractions with 500 ml portions of ether gave an amber solution which was dried (MgSO4) and
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evaporated in vacuo to give 55 g (45% of the crude diketone, Fractional distillation gave 22 g
(16 rec.) of pure title compound, bp 109-110°C/0.4 mm. Subsequent runs on larger scales gave
distilled yields ranging from 30 to 40 ., NMR (CDC]3) § ppm; 2.01 (s, 3H,—CH3); 3.63 (s, 2H,
-CHs-); 5.45 {s, M, =Ch-, enol}; 7.2-7.6 {m, 44, aromatic). Anal. Calcd for C12H11F302:

C, 59.02; H, 4.54; F, 23.34. Found C, 58.78; H, 4.48; F, 23.30.

3-pcetyl-1-methy1-5-{a,a,a~trifluoro-m-tolyi)-4(1H)-pryidinone (7a):

To 100 g of diketone (5a) was added 400 m) of N,N-dimethylfornamide dimethyl acetal and the mixture
was stirred for 14 hours at reflux temperature. The excess aceta) was recovered by distillation in
vacuo. The viscous brown oil remaining was dissolved in 1 L of THF and treated with 100 ml of 40%
aquecus methylamine solution. After stirring for 3 days the reaction mixture was stripped and
taken up in CHC13, washed with IN HCT then saturated agueous MaCl solution, dried (MgSO4) and
stripped. Stirring under 500 ml of diisopropyl ether gave 76 g (63%) of the title compound as a
white crystalline solid. NMR (CDC]a) s ppm: 2.73 {s, 3H, COCH3); 3.80 (s, 3H, N—CHSJ; 7.4

(d, J=2.75 Hz, SH pyridinone); 8.17,(d, J=2.75 Hz, H2 pyridinone); 7.6-7.8 {m, J=4 Hz,

arpmatic). Anpal. Calcd. for 615H12F3N02: C, 61.02; H, 4.07; N, 4.75. Found: C, 60.72; H,

4.30; N, 4.87.

1-Methy1-3-pivaloyl-5~(a,a,a-trifluoro-m-tolyl)-4{2R)-pyridinone {17a):

To a solution of 3.9 g of diisopropylamine in 175 ml1 of anhydrous {Linde 4A) THF was added at
-60°C a solution of 16 mi of 2.4M n-BulLi in hexane, dropwise over 15 minutes. After stirring for
40 minutes a soiution of 10.0 g of enaminone {15a) in 50 ml of THF and 25 m1 of HMPTA was added
dropwise over 30 minutes. The mixture was stirred for 1 hour to generate the enaminone anion and
at -60°C was added dropwise a solution of 4.7 g of pivaloyl chloride in 25 ml of THF. The
solution was stirred to room temperature avernight. After quenching the reaction with KH,PO,

the reaction mixture was partitioned between ether and water.

The ether layer was separated, dried (MgSﬂq) and stripped to give crude enaminodione (15a).
Chromatography over silica gel {Woelm, activity 1) using gradient elutionwithEtOAchH2012 gave
3.6 g of the enamindione {16a). HNMR (CDC13) & ppm: 1.03 (s, 94, t-Butyl); 2.78 (s, 6H, NMez);
5.03 (s, 1H, =CH- enol); 7.53 {m, 4H, aromatic); 7.76 (s, 1H, CH-N). The enaminodione was
dissolved in 17 ml of N,N-dimethy]formamide dimethy] acetal and was refluxed in an oil bath at
100%¢C overnight under nitrogen. The reaction mixture was stripped dry, and the remaining oil was
dissolved in 120 m1 of THF and treated with 15.0 m] of 40% aqueous methylamine solution. The

reaction was over in 50 minutes and was stripped to a brown oil. Chromatography over silica gel
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(Woelm, activity 1) using £tOAC/CH,C1, gave 0.63 g {17¢ based on enaminodione) of the required

pyridinone, mp 86-88°C (hexane). NMR (CDC13) & ppm, 1.25 {s, 9H, t-Butyl}; 3.81 (s, 3H,
N-CHB); 7.6-8.3 {m, 6H, pyridinone protons + aromatic}. Anal. Calcd. for CIBHIBFBQUZ: c,
64.00; 4, 5.38; N, 4.15. Found: C, 53.99; H, 5.16; N, 4.12.

1-Phenoxy=4-(&,a,a~trifluoro-mtolyi)-butan-2,4-dione (lic):

To 38.0 g of 1—mnrphoh'nn—m—(triﬂuoromethyl)styrene15 dissolved 1n 400 ml of anhydrous ether was
added 7.9 g of pyridine, and at 0-5%C was added a solution of 17 g (0.1 mol} of phenoxyacetyl
chloride in 200 m1 of anhydrous ether dropwise over 3 hours. The solution was stirred to room
temperature overnight, filtered and stripped. The resulting semi-solid was dissolved in 1 L of
benzene and to 1t was added 480 ml of 10% hydrochloric acid agueous solution, and the mixture was

stirred under reflux for 2 hours.

The benzene solution was separated and washed with sodium bicarbonate solution and saturated sodium
chloride solution, and dried (MgSO4). Removal of benzene in vacuo, gave an amber 011 which was
made analytically pure by column chromatography (Woelm silica gel activity 1, toluene as eluting
solvent) and afforded 11.5 g {(24%) of compound., Anal. Calcd. for C18H15F303: C, 63.35; H,

4.04, Found: C, 63.13; H, 4.17.

1-Methy 1-3-phenoxy-5-(m-Tri fluoromethy1)-phenyl-4 {1H) ~pyridinene (12b}:

To 1.3 g of the phenoxydiketone (11b) in 30 ml of dry toluene was added 4.0 ml of

N,N-dimethy 1formamide dimethyl acetal. The mixture was heated under reflux for

18 hours and evaporated to dryness in vacuo., The oily residue was dissolved in 200 m1 of THF and
15.G m1 of 40% aguecus methylamine sclution was added, The reaction was monitored by tlc untit
homogeneous, then stripped dry and the resulting semi-solid mass triturated under diisopropyl
ether. A crystalline solid, mp 170-172°C, was obtained, in 0.85 g (569} yield. NMR (CDCIB} 3
ppm: 3.65 (s, 3H, N—CH3); 7.0-8.3 {m, 11 H, pyridinone and aromatic). Anal. Calcd. for
C20H14F3N03: C, 64.35; H, 3.78; N, 3.75. Found: C, 64.33; H, 4.00; N, 3.85.
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The acylation of enamines by s-ketocesters affords pyranones possibly by a related
mechanism: R. S, Monson, J. Heterocyclic Chem., 13, £93 (1976).

The reaction of diketene with enamines was, however, reported to afford both pyridones
and pyranones depending upon the reaction conditiens: T. Kato, Acc. Chem. Res., 7, 265
(1974),

H. Mihiemann, Pharm. Acta Helv., 24, 376 (1949)

For the reaction of l-aryl-2,4-pentandiones with N,N-dimethylfommamide dimethyl acetal at
elevated temperatures (150 - 180°C) see R, F. Abdulla, K, H, Fuhr, R. P. Gajewski, R.

G. Suhr, H. M. Taylor, and P. L. Unger, J. Org, Chem., 45, 1724 (1980).

These refer to isolated yields of chromatographically homogeneous materials. ATl
compounds were fully characterized by combustion analysis, mass spectral fragmentation,
and by 1nfrared and magnetic resonance spectra.

The term enaminone was first utilized by J. V. Greenhill, Chem. Soc. Rev., B, 277

(1977). We prefer this terminology to the older "enamingketone" since the compounds in
question do not behave as ketones.

H%th pinacolone and morpholine in toluene under the usual conditions no enamine formation
occurred even under prolonged reflux. Censiderable condensation occurred between
molecules of pinacolone, presumably catalyzed by morpholine.

F. J. Vinick and H. W. Gschwend, Tetrahedron Letters, 315 (1978).

B. Ganem, J. Amer. Chem. Soc., 98, 224 {1976).

The acylation of the corresponding 0, N or a—position of enaminones of the type

D=C- =?—NHR is widely studied:

R. He]%gis, Tetrahedron Lett., 1905 {1966); H. Albrecht and G. Papke, Tetrahedron Lett.,
4443 (1972}; L. Kozerski, Tetrahedron, 32, 1299 (1976). The akylation of enaminones of
the type 0=CiE§C—$H3 at 0, C*,N and C s also widely studied: G. H, Alt, "Enamines:
Synthesis, Structure, and Reactions Electrophilic Substitutions and Additions to
Enamines,* A. G. Cook, Ed., Marcel Dekker, New York and London, 1969, Chapter 4, p 115;
Systematic Investigations are reported by Professor Nelson Leonard; N. J. Leonard and J.
A, Adameik, J. Am, Chem. Soc., 81, 595 (1959); Professor Albert I. Meyers: A, I. Meyers,
A. H. Rewne, and R. Gault, J, Org. Chem., 34, 698 {1969); For alkylation at the y-position
see M. Yoshimoto, N. Ishida and T. Hiraoka, Tetrahedron Lett., 39 (1973).
The enaminone (15) is obtained in quantitative yield by refluxing equivalent amount of
m-tri fluoromethylphenylacetone and N ,N-dimethy}formamide dimethylacetal for 12 hrs, when
the product separates out as a solid in a state of analytical purity.
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