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Easterly.18 6-Methyl-4H-pyran-4-one-2-carboxylic acid (1.50 g )  
and 10 ml of diphenyl ether were placed in a 2 5 4  distillation 
flask to which was attached a small Vigreux column (70 mm), 
condenser, and receiver. The flask was immersed in an oil bath 
preheated to 223'. The bath temperature was raised to 230" 
whereupon ebullition of the mixture began. The bath tempera- 
ture was maintained between 230 and 245' until the ebullition 
slackened; about 17 min were required. The bath was lowered 
and the system was carefully subjected to a vacuum of 220 mm 
for distillation. Heating of the mixture was resumed and a distil- 
late of 7.63 g was collected at 192-204' (210 mm). The distillate 
was partitioned between 15 ml of 5 N HC1 and 50 ml of hexane. 
The organic layer was extracted with two 15-ml portions of 5 N 
HCl. The acid layers were combined and carefully treated with 
solid potassium carbonate until the mixture became cloudy. 
This was extracted with four 40-ml portions of methylene chlo- 
ride. The dried (1LlgSOa) and combined extracts were evaporated 
in vacuo leaving a clear oil as residue (1.14 9). Glpc analysis 
of the residue on a 0.25 in. X 10 ft 410 gum rubber (20% on 
Chromosorb WAW, 60-80 mesh) column at 150' showed it 
consists of ca. 93y0 2-methyl-4H-pyran-4-one, corresponding 
approximately to a quantitative conversion. Analytical ma- 
terial was obtained by glpc fractionation on a a/8 in. X 20 f t  
gum rubber (20% on Chromosorb W HMDS, 30-60 mesh) 
column at 150": n Z 5 ~  1.3280; X p "  239 (e 3410); A::,'."." 247 
( E  1340); X ~ ~ - c s z  5.99 (vs, C=O),1@ 6.15 and 6.29 (s, ring 
double bonds),'@ 7.04, 7.20, 7.32, 7.96, 11.2 and 12.2 (s), 8.20, 
8.50, 9.43 and 9.91 (m), 10.7, and 11.6 p (vs); nmr (CDCls), 
-2.28 (doublet, 2-CH3, I J Z , ~ ~  < 0.7 cps), -6.14 (multiplet, 
3-H), -6.26 (quartet, 5-€I, ( J s , s ~  = 2.5, / J s . s ~  = 5.7 cps), and 
7.77 ppm (quartet, 6-H), , J3,6/ 6 0.6 cps) (TMS). 

AnaE. Calcd for CaHe02: C, 65.4; H,  5.49. Found: C, 
65.1; H,  5.46. 

Registry No.-I, 14255-36-8; methylenebis(2-methyl- 
2- [1,3-dioxolanyl]), 14255-37-9; 11, 14255-38-0; copper 
chelate of 11, 14495-16-0; IV, 14255-39-1; V, 5848-33-9; 
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VI, 14255-41-5. 

(13) J. P. Easterly and H. E. Hennis. U. S. Patent 3,152,148 (1964); 
Chem. Abstr.,  61, 530 (1965). 

on the exact generation p r o c e d ~ r e . ~ ~ ~  With 2-pyridone 
the benzyne reagent produced small amounts of 2- 
phenoxypyridine, l-phenyl-2-pyridone1 and a~ridone.~ 
No related study exists for ethoxyacetylene, although 
amines do react with the ethynyl function to yield 
alkoxyvinylamines.6 Since 2- and 4-pyridone have 
tautomeric forms, it was felt that a brief investigation 
into this area would be useful and might provide some 
interesting N- and 0-substitution  compound^.^ 

The condensation of 2-pyridone with ethoxyacety- 
lene in refluxing chloroform proceeded sluggishly; 
the black solution on distillation was readily separated 
into two liquid fractions. The major, low-boiling 
material was identified as 2-acetoxypyridine (I), 
previously formed with difficulty from sodium 2- 
pyridinolate and acetyl ~h lo r ide*~~  or by heating 
pyridine 1-oxide with acetic anhydride. lo,ll The in- 
frared, nuclear magnetic resonance, and ultraviolet 
spectral data confirmed this assignment of structure. 
The minor, high-boiling material analyzed for CsHllN02 
and was formulated as N-(l-ethoxyvinyl)-2-pyridone 
(11). The ultraviolet spectrum held two maxima a t  
227 and 303 mp that was suggestive of an unchanged 
chromophoric system, for a similar pair of bands is 
found in the parent 2-pyridone at 227 and 297 mp.12 
In the infrared the lack of a strong absorption between 
3700-3300 cm-' indicated the masking of the amide 
hydrogen function; additional correlations were made 
at  1670 (conjugated ketone) and 1286 cm-1 (vinyl 
ether). l 3  The nuclear magnetic resonance spectrum 
exhibited the expected resonances at 6 1.32 (methyl), 4.00 
(aliphatic methylene), 4.40 and 4.47 (vinyl methylene), 
and 6.27, 6.55, 7.50, and 7.55 (ring hydrogens).14-16 
Such a consequence is interesting, as only a few N-acyl- 
pyridones are known at present.'? It has been men- 
tioned that the rarity of N-acylpyridones may be caused 
by a rapid rearrangement of these compounds to the 
corresponding 0-acylpyridines. Employing this sug- 
gestion, the reaction course here would proceed from I1 
through an unstable N-acetylpyridone to I. The direct 
formation of I can alternatively occur by formation 
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Treatment of pyridones with dienophiles leads to 
variable results. For example, fusion of N-methyl-2- 
pyridone and maleic anhydride gave a rather unusual 
derivative,2 whereas in an autoclave hexafluoro-2- 
butyne added normally to 2-pyrid0ne.~ Benzyne and 
N-methyl-2-pyridone, in contrast, afforded either a 
Diels-Alder product or a phenylpyridone depending 
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of a ketene acetal intermediate, followed by a hydrolysis 
sequence. 

Ethoxyacetylene very slowly combined with 4-py- 
ridone to give a crude liquid, which was fractionated 
by distillation. The first cut solidified on cooling and 
was characterized as the known 4-acetoxypyridine 
(III).lQ This particular compound is very unstable 
and upon exposure to moisture quickly reverts to 
4-pyridone. The second product darkened on exposure 
to light, but sufficient spectral information was gathered 
to permit the red liquid to be described as N-(1-ethoxy- 
vinyl)-4-pyridone (IV). In the infrared spectrum, 
peaks were observed at 1640 (conjugated ketone) 
and 1290 cm-' (vinyl ether), while the ultraviolet 
contained a maximum at 277 mp, somewhat displaced 
from the band at  256 mp in 4-pyridone. Again the 
nuclear magnetic resonance spectrum held the ex- 
pected signals at 6 1.35 (methyl), 4.04 (aliphatic 
methylene), 4.17 and 4.45 (vinyl methylene), 6.36 
(two ring hydrogens near oxygen), and 8.05 (two ring 
hydrogens near nitrogen). In conclusion, 2- and 4- 
pyridone add to ethoxyacetylene to afford both 0 
and N substitution, but do not react in a Diels-Alder 
fashion under the conditions described here. 

0 
I1 

0 
/I 

I 
CH3CH,OC=CH, I 

CHSCH?OC=CHZ 
I I1 I11 IV 

Experimental Sectionzo 

2-Acetoxypyridine (I) and N-( 1-Ethoxyviny1)-2-pyridone (11) .- 
A solution of 2-pyridone (18.0 g, 0.189 mole) and ethoxyacetylene 
(33 ml, furnished as a 62% hexane azeotrope from the Hum- 
phrey Chemical Company) in chloroform (100 ml) under an- 
hydrous conditions was refluxed for 20 days, a t  which time there 
was added additional ethoxyacetylene (20 ml). By 27 days the 
2-pyridone had disappeared from the reaction liquid as judged 
by thin layer chromatographic screening. The chloroform was 
removed under reduced pressure and the residual black oil was 
distilled to yield 2-acetoxypyridine [17.4 g, 67%; clear liquid; 
bp 74-76' (0.95 mm) (lit.* 110-112' (10 mm)); nZID 1.5032; the 
ultraviolet spectrum gave Xmsx 227 (e 1760), 258 (2640), 264 
sh (2100), and 303 broad mp (786); the infrared spectrum gave 
3080 w (aromatic CH), 3015 w, 2935 w (acetoxy CH), 1768 s 
(C=O), 1628 m ( C d ) ,  1595 s, 1573 m, 1471 s (CHa), 1435 s 
(C=N), 1371 s (CHa), 1195 vs (C-0-C), 1146 m, 1045 m, 1012 
m, 995 m, 915 m, 841 m, (CH), 770 m, and 740 m cm-1; the 
nmr spectrum showed peaks at  6 2.27 (methyl, singlet, area 3), 
7.21 (ring hydrogen 3, doublet, area 1, J = 8 and 1 cps), 7.23 
(ring hydrogen 5, pair of doublets with fine structure, area 1, J = 
8, 5, and 1 cps), 7.82 (ring hydrogen 4, doublet of triplets, area 
1, J = 8, 8, and 2 cps), 8.48 (ring hydrogen 6, pair of doublets, 
area 1, J = 5 and 2 cps)] and N-(l-ethoxyvinyl)2-pyridone 
[10.2 g, 33%; yellow oil; bp 108-110' (1.2 mm); 11% 1.5421; 
the ultraviolet spectrum Xmax gave 227 (e 6100) and 303 broad 
mp (4530); the infrared spectrum gave 3120 w (aliphatic CH), 
3080 w, 3010 w, 2975 m, 2930 w, 2895 w, 2880 w, 1670 s (C=O), 

(10) F. Arndt and A. Kalischek, Ber., 68, 587 (1930). 
(20) The boiling and melting points are uncorrected. The infrared spectra 

were determined as neat films or in premed potassium bromide disks with a 
Perkin-Elmer Model 421 spectrophotometer, ultraviolet spectra were mea- 
sured in 05% ethanol on a Cary Model 14 Spectrophotometer, and nuclear 
magnetic resonance spwtra were obtained on a Varian A-60 spectrometer. 
Thin layer chromatography utilized silica gel G as the support, chloroform- 
methanol (1:  1) for elution, and iodine vapor for development. Micro- 
analyses were provided by the Microanalytical Laboratory, Department of 
Chemistry, Stanford University. 

1598 s, 1533 5,1385 m, 1286 s, 1210 m, 1141 m, 1090 s, 1045 m, 
977 m, 856 m (=CH*), and 762 m cm-'; the nmr spectrum showed 
peaks at  8 1.32 (methyl, triplet, area 3, J = 7 cps), 4.00 (aliphatic 
methylene, quartet, area 2, J = 7 cps), 4.47 and 4.40 (vinyl 
methylene, AB pattern, area 2, J = 3 cps), 6.27 (ring hydrogen 
5, triplet, area 1, J = 1 cps), 6.55 (ring hydrogen 3, doublet, 
area 1, J = 10 cps), 7.50 (ring hydrogen 4, pair of doublets, area 
1, J = 10 and 7 cps), and 7.55 (ring hydrogen 6, doublet, area 
1, J = 7 cps). 

Anal. Calcd for COHllNOZ: C, 65.44; H, 6.71; N, 8.48. 
Found: C, 65.15; H, 6.62; N, 8.30. 

4-Acetoxypyridine (111) and N-(l-Ethoxyvinyl)-4-pyrdone (IV). 
-A solution of 4-pyridone (18.0 g, 0.189 mole) and ethoxy- 
acetylene (33 ml) in chloroform (200 ml) under anhydrous condi- 
tions was refluxed for 5 days, at  which time there was added 
additional ethoxyacetylene (15 ml). By 12 days the 4-pyridone 
had disappeared from the reaction liquid as judged by thin 
layer chromatographic screening. The chloroform was removed 
under reduced pressure and the residual black oil was distilled 
to yield 4-acetoxypyridine [10.6 g, 41%; bp 120-125' (2.1 mm); 
white needles, unstable to air; mp 130-133' (sealed capillary) 
and 135-145' (open capillary) (lit.l9 mp 140-150'); in the latter 
case, the recovered sample possessed an infrared spectrum 
consistent with a mixture of both 4-pyridone and 4-acetoxy- 
pyridine; the ultraviolet spectrum gave Xmax 256 mp (e 15,100); 
the infrared spectrum gave 3080 w, 3065 w (aromatic CH), 
2920 w (acetoxy CH), 1727 s (ea), 1662 s (C=C) ,  1635 s 
(C=C), 1601 s, 1555 m, 1578 w (CHa), 1400 m (C=N), 1372 s 
(CHa), 1339 m, 1255 s, 1191 s (C-0-C), 1075 S, and 850 s cm-l 
(CH)] and N-(1-ethoxyviny1)I-pyridone [5.4 g, 17%; red oil; 
bp 140-148' (0.75 mm); n% 1.5784; the ultraviolet spectrum 
gave XmsI 277 mp (e 5630); the infrared spectrum gave 2980 w 
(CH), 1640 s ( C d ) ,  1590 s (C=C), 1470 m (CHa), 1407 m, 
1368 m, 1341 m (CHa), 1290 s, 1186 s, 1130 w, 1111 w, 1095 m, 
1042 s, 978 m, and 848 s (CH) cm-l; the nmr spectrum showed 
peaks at  6 1.38 (methyl, triplet, area 3, J = 7 cps), 4.04 (aliphatic 
methylene, quartet, area 2, J = 7 cps), 4.17 and 4.45 (vinyl 
methylene, AB pattern, area 2, J = 4 cps), 6.36 (ring hydrogens 
3 and 5, doublet, area 2, J = 8 cps), and 8.05 (ring hydrogens 
2 and 6, doublet, area 2, J = 8 cps). 

Anal. Calcd for COHllN02: C, 65.44; H, 6.71; N, 8.48. 
Found: C, 64.84; H, 6.68; N, 8.27. 

Registry No.-I, 3847-19-6; 11, 14210-19-6; 111, 
14210-20-9; IV, 14210-21-0; ethoxyacetylene, 927-80-0; 
2-pyridone, 142-08-5; 4-pyridone, 108-96-3. 
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In a systematic investigation on the synthesis of 
isoquinoline derivatives, 1-3 it has been observed that 
when 5-chloro-3-methyl-3,4-dihydroisoquinoline (IIIa) 
was subjected to dehydrogenation with palladium- 
charcoal (Pd-C) in tetralin or diphenyl ether in a 
carbon dioxide atmosphere, not only dehydrogenation 
but also dehalogenation occurs, yielding 3-methyliso- 
quinoline (IVe)4 in place of the expected 5-chloro-3- 
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