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A general synthesis of P-acylpyridines via 4-(3-oxoalkyl)isoxazoles has been devised, based on the fact that 
Pyridines can be these isoxazoles afford cyclic carbinolamines by reductive cleavage of their N-0 linkage. 

obtained in high yields from these carbinolamines by dehydration and oxidation. 

We have developed a new synthetic method for the 
synthesis of P-acylpyridines via the transformation of 
suitably substituted isoxazoles. Although 3-substituted 
isoxazoles are stable under a variety of chemical condi- 
tions, their nitrogen-oxygen linkage exhibits high 
lability under special conditions, such as catalytic 
hydrogenation3 or electron i m p a ~ t . ~  It is this lability 
which made possible our use of isoxazoles as masked 

M 
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keto alkyl functions in synthesis and which is the 
basis of the new methods of annelat8ion6 (e.y., I -+ 11) 
and of benzene ring construction6 (e.g., I -P 111) via 
4-(3-oxoalkyl)isoxazoles. The latter are easily pre- 
pared by the alkylation of ketones with the readily 
available 4- chloromethyl- 3-methyl-5alkylisoxa~oles.~ 
We had noted during our previous investigation of the 
isoxazole annelatiod that cat'alytic hydrogenation of 
2 - (3,5 - dimethyl-4-isoxazolylethyl)cyclohexanone (I) 
gave an equilibrium mixt'ure (IIa + I Ib  + IIc) which, 
upon heating with base, furnished a small amount of 
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pyridines IVa and IVb in addition t o  the major product, 
A1~g-octalone-2 (11). It became clear that, if dehydra- 
tion of the cyclic tautomer IIc  took place faster than 
various hydrolytic reactions, the corresponding 0- 
acylpyridine should be formed in high yield by mild 
oxidation of the dehydration product. 
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Dehydration under basic conditions would be ex- 
pected to be particularly easy when a carbonyl group is 
present in the p position to the hydroxyl group of the 
carbinolamines. We have examined such cases, VIa 
and VIb, derived from acetylacetone and ethyl ace- 
toacetate, respectively, and have substantiated this 
anticipation. 

Condensation of acetylacetone and 3,5-dimethyl-4- 
chloromethylisoxazole (V) in the presence of potassium 
carbonate gave, in 61% yield, the oily diketone VIa, 
whose structure was confirmed by the typical isoxazole 
fragmentation pattern in the mass spectrum4 and by 
the formation of bis(3,5-dimethyl-4-isoxazolyl)methane 
(VII)4 through its reaction with hydroxylamine. Cat- 
alytic hydrogenation of VIa in the presence of pal- 
ladium/charcoal in triethylamine-ethyl acetate (1 : l) 
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at atmospheric pressure afforded in 74% yield yellow 
crystals of the known dihydropyridine VIIIa which can 
easily be oxidized to the corresponding pyridine IXa.8 

The ethyl acetoacetate analog VIb was prepared in 
44% yield by alkylation of ethyl acetoacetate with V 
in the presence of sodium hydride in benzene-dimethyl- 
formamide. When VIb was treated as described above 
for VIa, it yielded the dihydropyridine VIIIb as yellow 
crystals, mp 148-150'. The absorption at  6 3.38 (2 H, 
singlet) and 5.80 ( 1 H, broad singlet) in the nmr spec- 
trum indicated the presence of an isolated methylene 
group and a proton attached to nitrogen, respectively. 
The ultraviolet spectrum was also in accord with a 1,4- 
rather than a 1,2-dihydropyridine structure. Further 
confirmation was obtained by the conversion of VIIIb 
into the known pyridine, ethyl 5-acetyl-2,6-dimethy1-3- 
pyridinecarboxylate (IXb),g in 63% yield based on 
VIb, by treatment with sodium nitrite and hydro- 
chloric acid. 
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conjugated carbonyl peak a t  1675 em-' in the ir spec- 
trum, and, finally, strong peaks at m/e 175 (molecular 
ion, C11H13NO), 160 (M+ - CHa), and 132 (M+ - 
CH3CO) in the mass spectrum. 

The formation of the pyridine ring without the use of 
any oxidative reagent makes it obvious that air oxida- 
tion of the dihydropyridine must have taken place dur- 
ing the dehydration process. This assumption was 
confirmed by the following observations; the hydro- 
genolysis product of X, which was precipitated as  a 
white solid from the solution, must exist to a consider- 
able extent in a ring-opened form XIa  because of the 
presence of a strong absorption peak for a five-mem- 
bered cyclic ketone at  1735 em-' in the ir spectrum. 
When the hydrogenated products were allowed to  stand 
in the air for several days a t  room temperature, cycliza- 
tion, dehydration, and air oxidation proceeded spon- 
taneously to  convert XIa  to  the crystalline pyridine 
XI1 quantitatively. The yield, based on X was over 
50%. 

VI1 VIIIa, b IXa, b 

I n  the case of a monocarbonylisoxazole such as I, 
hydrogenation in basic media failed to afford a crystal- 
line dihydropyridine or the cyclized carbinolamine IIc, 
and, consequently, dehydration of the hydrogenolysis 
products was carried out under acidic conditions 
which were used also in the oxidation step. Thus, the 
catalytic hydrogenation of I, prepared through the 
enamine alkylationlO of cyclohexanone with V, was 
followed by treatment with sodium nitrite and hydro- 
chloric acid to  afford IVa, mp 46-47', in 64% yield, 
after chromatography on silica gel. Absorption at 245 
and 285 mp in the uv spectrum of IVa, in addition to 
the presence of two methyl singlets a t  6 2.56 and 2.68 
and a singlet aromatic proton signal a t  7.65 in the nmr 
spectrum, confirms the identity of IVa as 3-acetyl-2- 
methyl-5,6,7,8-tetrahydroquinoline. 

The application of the new P-acylpyridine synthesis 
to the cyclopentanone analog X was also accomplished 
as follows. Enamine alkylation1° of cyclopentanone 
with V gave the starting isoxazole (X), semicarbazone 
mp 211-214", which, after hydrogenation followed by 
reflux in aqueous acetate buffer, furnished 3-acetyl-2- 
methyl-6,7-dihydro-5H-cyclopenta [blpyridine (XII), 
mp 28-30", picrate mp 132-134'. The structure 
followed from the spectral properties: the presence 
of a singlet signal for an aromatic proton a t  6 7.80 ppm 
in the nmr spectrum, the typical absorption due to  the 
pyridine ring at  243 and 288 mp in the uv spectrum, a 
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In  the case of the tetralone derivative XIII ,  the yield 
of pyridine was not so good as in the other cases. The 
starting isoxazole XI11 (prepared by alkylation of 2- 
ethoxycarbonyl-1-tetralonell with V, followed by de- 
carbethoxylation) was treated in the usual manner to 
afford the pyridine XIV in 21% yield based on XIII. 
The spectral properties of the crystalline product XIV, 
mp 111-112", were all in accord with its expected 
structure, 2-acetyl-3-methyl-9,10-dihydro-4-azaphenan- 
threne. The low yield in this particular case is probably 
a reflection of the low reactivity of the conjugated 
carbonyl group of the tetralone.12 

Experimental Section13 
3-(3,5-Dimethyl-4-isoxazolylmethyl)pentane-2,4-dione (VIa) ,- 

Acetylacetone (9 .O g), 4-chloromethyl-3,5-dimethylisoxazole (V) 
(10.0 g), anhydrous potassium carbonate (9.7 g), and dry acetone 

(11) W. E .  Bachmann and N. L. Wendler, ibid. ,  68, 2580 (1949). 
(12) This work was supported, in part, by a grant from the National 

Institutes of Health. 
(13) Melting points were measured on a micro hot stage (uncorrected). 

Spectra were measured with the following instruments: ir, Hitachi EPI-S; 
UY, Hitachi ESP-3T; nmr, Hitachi H-6013; mass, Hitachi RMU-BO, using 
an all-glass inlet system heated at  200°, ionizing energy 70 eV. Mass spectre, 
of most of the products obtained in the course of these experiments have been 
summarized and interpreted in a separate paper.4 
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(30 nil) were heated under reflux for 17 hr. Ether was added to 
the cooled mixture and the undissolved material was filtered off. 
Removal of the solvent and distillation of the residue gave TIa  
(8.8 g, 61y0): bp 134-144" (0.2 mm); ir (film) 1725, 1700 em-'; 
mass spectrum m / c  209 (>I+, CllHl51\;08); A::' 220 mp (log 
t 3.65), 251 (3.09), 306 (2.67); nmr (CDCla) 6 2.18 (s, 6),  2.23 
(s, 3),  ppm (8, 3). 

2,6-Dimethyl-3,5-diacetyl-l,4-dihydropyridine (VIIIa) .-A 
mixture of VIa (4.25 g )  and palladium/charc,oal (loyo, 4.25 g) in 
ethyl acetate-triethylamine (1: 1) was stirred in a hydrogen 
atmosphere at  room temperature until hydrogen uptake ceased 
(ca. 21 hr) .  The catalyst was removed by filtration, and evap- 
oration of the solvent gave yellow needles of T'IIIa (747,): 
mp 209-216' (from EtOH); ir (Nujol) 1675 em-'; mass spec- 
trum m/e  193 (>I+, Cl1Hl&NO2); A=:" 258 mp (log e 4.11), 277 
(3.88), 408 (3.91); nmr (CDCla) S 2.60 (s, 6), 2.75 ppm (s, 6) .  
Anal. Calcd for C11H16N02: C, 68.37; H, 7.82; N, 7.25. 

Found: 
Ethyl 2-(3,5-Dimethyl-4-isoxazolylmethyl)-3-oxobutyrate 

(VIb).-Sodium hydride (507, suspension, 6.0 g), washed twice 
with 50 ml of dry benzene to remove the coated oil, was sus- 
pended in a mixture of dry benzene (100 ml) and dimet,hyl- 
formamide (20 ml). Ethyl acetoacetate (7.7 g) in 40 nil of ben- 
zene was added to the above suspension with vigorous stirring. 
Into the mixture was added dropwise 4-chloromethyl-3,5-dimeth- 
ylisoxazole (9.10 g) in benzene (40 ml). The resulting homo- 
geneous solution was stirred under nitrogen for 16 hr, and the 
solution was neutralized with acetic acid and washed with water. 
The water layer was back-extracted wit,h benzene and the com- 
bined organic layers were dried over magnesium sulfate. Evap- 
oration of the solvent and distillation of the residue gave VIb: 
7.50 g (4470); bp 121-135' (0.5 mm); ir (film) 1735, 1715 
em-'; mass spectrum m/e  239 (Ill*, CI2H17NO1); A:: 222 mp 
(log E 3.57), (NaOH-EtOH) 222 and 283 mp; nmr (CDCla) 6 
1.21 (t ,  3 , J  = 7Hz) ,  2.14 (s, 6),  2.27 (s, 3), 4.12ppm (9, 2 , J  = 
7 Hz).  

2,6-Dimethyl-3-acetyl-5-carbethoxy-l,4-dihydropyridine 
(VIIIb).-A mixture of T'Ib (5.04 g) and palladium/charcoal 
(lO7,, 5.0 g)  in et,hyl acetate-triethylamine ( l : l ,  200 ml) was 
stirred under a hydrogen atmosphere, at room temperature, Lintmil 
the hydrogen uptake stopped (about 21 hr). The cat'alyst was 
removed by filtration and removal of the solvent in vacuo gave 
T'IIIb, 1.50 g, as yellow crystals: mp 148-150" (from ether); 
mass spectrum m/e 223 (Mi. ,  C12H17N03); ir (Nujol) 1650, 1700 
em-'; A::"," 244 mp (log E 3.90), 265 (3.62), 392 (3.57); nmr 

(9, 2, J = 7 Hz),  and 5.80 ppm (b, 1). 
2,6-Dimethyl-3-acetyl-5-carbethoxypyridine (IXb).-A mixture 

of VIb (4.21 g)  and palladium/charcoal (4.0 g) in ethyl acetate- 
triethylamine (1 : 1, 150 ml) was hydrogenated as described above. 
The crude product of hydrogenation containing yellow needles 
(VIIIb) was dissolved in 50 ml of 10% hydrochloric acid. Into 
this solution was added dropwise a solution of sodium nitrite 
(1.50 g) in water (7.5 ml) and the resulting yellow solution was 
stirred about 3 hr. The solution was neutralized with potassium 
hydroxide and extracted with ether. The organic layer was dried 
over magnesium sulfate and evaporated to give an oil, which on 
distillation under reduced pressure gave IXb: 2.46 g (637,); 
bp 135-14,tio (6 mm); ir (film) 1720, 1685 em-'; A::' 213 mp 
(log E 4.15), 241 (3.82), 277 (3.43), 285 (3.37); nmr (CDC13) 6 
1.45 (t, 3, J = 7 Hz), 2.64 (s, 3),  2.78 (9, 3), 2.85 ( s ,  3), 4.45 
(9, 2, J = 7 Hz), and 8.50 ppm (s, 1).  

2-Methyl-3-acetyl-5,6,7,8-tetrahydroquinoline (IVa).-A solu- 
tion of I (856 mg) in ethyl acetate-triethylamine ( l : l ,  40 ml) 
containing palladium/charcoal ( lo%, 1.0 g) was hydrogenated 
as described above. The hydrogenation product was dissolved 
in 107, hydrochloric acid (12 ml). Into this solution, cooled in 
an ice bath, was added dropwise a solution of sodium nitrite (360 
mg) dissolved in water (2 ml). The resulting solution was 
stirred ca. 17 hr. The solution was then neutralized wit'h 
potassium carbonate and extracted with ether. Removal of the 
solvent and chromatography of the residue on alumina gave IVa 
(535 mg, 64%): mp 46-47"; ir (Nujol) 1685 em-'; 242 
mp (log e 3.67), 285 (3.67); nmr (CDC13) 6 2.56 (s, 3 ) ,  2.68 (6,  
3), 7.65 ppm (s, 1); semicarbazone mp 198-199' (from ethyl 
acetate). 

Anal. Calcd for C13H18ONa: C, 63.39; H,  7.39; N, 22.75. 
Found: C, 63.69; H ,  7.21; iV, 22.54. 

C, 68.48; H ,  7.76; N,6.91. 

(CDC13) 6 1.30 (t, 3, J = 7 Hz), 2.17 ( 8 ,  9), 3.38 (s, 2),  4.22 
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3,5-Dimethyl-4-(2-oxocyclopentylmethyl)isoxazole (X) .-A so- 
lution of the pyrrolidine enamine of cyclopentanoiie (15.0 g)lo and 
3,3-dimethyl-4-chloromethylisoxazole (10.0 g) in dioxane (60 
nil) was heated under reflux in a nitrogen atmosphere for 17 hr. 
Water (15 ml) was added to the above mixture and refluxing was 
continued for an addit'ional 1 hr. After being cooled the solution 
was poured into ice-water (4:,0 ml) and extracted with ether. 
The organic layer was washed successively with 5% hydrochloric 
acid and 5% sodium bicarbonate solution and water and then 
dried over magnesium sulfate. The solvent was removed in vacuo 
and the residue was distilled under reduced pressure to give X: 
5.8 g (447c); bp 138-148" (0.7 mm); mass spectrum m/e 193 
(31+, CltHleNOs); ir (film) 1740 em-'; At$H 223 mp (log e 3.67); 
nmr (Cl lCl~)  6 2.24 (s, 3), 2.33 ppm (8, 3); semicarbazone mp 
211-214' (from methanol). 

Anal. Calcd for CltH190&r: C, 37.58; H, 7.25; N,  22.39. 
Found: C, 57.77; H ,  7.09; ?J, 22.40. 
3-Acetyl-2-methyl-6,7-dihydro-5H-cyclopenta[b]pyridine (XII). 

A.-By the procedure described above, catalytic hydrogenation 
of X (635 mg) with palladium/charcoal (780 mg) in ethyl acetate- 
triethylamine (1 : 1, 40 ml) gave a bluish solid which was dissolved 
in a niisture of sodium acetate (7.5 g), water (15 ml), and acetic 
acid (15 ml) and refluxed for 2 hr. After being cooled the solut,ion 
was estracted with ether. Removal of the solvent and chroma- 
tography on aliimina gave XII :  245 mg (GOT0); mp 28-30'; 
mass spectrum mlc 17j  (M+, CllH13?JO); ir (film) 1675 em-'; 
A::" 243 mp (log e 3.50), 288 (3.59); nmr (CDCla) 6 2.57 (5, 3),  
2.72 (s, 3), 7.80 ppm (s, 1); picrate mp 132-134'. 

Anal. Calcd for C1,H1608EGT4: C,  50.30; H,  3.99; I\i, 13.86. 
Found: C ,  50.G3; H, 3.89; N,  14.06. 

B.-Catalytic hydrogenation of X (3.82 g) as above, with pal- 
ladium/charcoal (4.6 g) in ethyl acetate-triet>hylamine (1: l ,  
150 ml), gave a precipitate (XIa) which was dissolved in methanol 
and separated from the catalyst by filt,ration. The solvent was 
removed under rediiced pressure to give a solid [ir (Xujol) 1600, 
1735 cm-1; A::H 314 mp] which, after being washed with ether 
and allowed to stand for <5 days, was quantit'atively transformed 
into XII .  
2-(3,5-Dimethyl-4-isoxazolylmethyl)tetralone-l (XIII) .-A so- 

lution of ethyl l-keto-l ,2,3,4-tet~ahydro-2-naphthoate (7.43 g)" 
in 50 ml of ethanol was poured into a solution of sodium ethoxide 
(from 0.9 g of sodium) in et'hanol. Into the resulting suspension 
was added a solution of 3,5-dimethyl-4-chloromethylisoxazole 
(T) (7.0 g) in ethanol (30 ml), and the mixture was refluxed with 
dtirring for 12 hr. The solvent was removed in vacuo, water was 
added, and the product was estract,ed with ether. The solvent 
was removed and the residue was refluxed for 24 hr with a mixture 
of acetic acid (75 ml), water (50 ml), and concentrated hydro- 
chloric acid (26 ml). The mixture was evaporated to dryness 
and the residue was extracted with ether. The ether layer was 
washed with aqueous pot,assiuni carbonate and dried over mag- 
nesium sulfate. Eemoval of the solvent gave a cryst'alline residue 
which was recrystallized from ethanol to give XIII :  mp 104- 
105"; 3.90 g (42%); 245 mp (log B 4.15) and 294 (3.35); 
ir (Nujol) 1680, 1632, 1600 em-'; nmr (CDC13) 6 2.21 (s, 3), 
2.31 (s, 3 ) ,  7.38 (m, 3), 8.00 ppm (m, 1); mass spectrum m/e .. 

255 (hl+, Ci6Hi702N). 
Anal. Calcd for CIRHl7O25:  C ,  75.27; H ,  6.71; N,  5.49. 

Found: C, 75.59; H,  6.81; N,  5.43. 
2-Acetyl-3-methyl-9,10-dihydro-4-azaphenanthrene (XIV).- 

The isoxazolyltetralone XI11 (478 mg) was hydrogenated with 
palladium/charcoal (lO7,, 250 mg) in ethyl acetate-triethylamine 
(1: 1, 30 ml). The product, after treatment with sodium nitrite 
(180 mg) and 10% hydrochloric acid (15 ml), was chromato- 
graphed on alumina to give XII-: 132 mg (21%); mp 111-112" 
(from ethanol); 219 mp (log e 4.25), 275 (4.00), 322 (4.34); 
nmr (CDCla) 6 2.53 (s, 3), 2.77 (s, 3), 2.91 (s, 4),  7.25 (m, 3),  
7.70 (s, l ) ,  8.45 ppm (m, 1); m a s  spectrum m/e (&I+, CieHi6NO). 

Anal. Calcd for ClsH1,NO: C, 80.98; H ,  6.37; N ,  5.90. 
Found: C, 81-01; H ,  6.29; N ,  5.71. 

Registry No. -IVa, 16858-03-0; IVa semicarbasone, 
16858-10-9; VIa, 16858-07-4; VIIIb, 16858-06-3; 
IXb, 30428-66-1 ; X, 16858-04-1 ; X semicarbasone, 
16858-11-0; XII, 16858-05-2; XI1 picrate, 30428-69-4;; 
XIII, 19788-42-2; XIV, 30428-71-8. 


