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Synthesis of 3-nitropyrid-2(1H)-ones from C-nitroacetamide 
and 1,3-dicarbonyl compounds 
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The reaction of nitroacetarnide with 1,3-dicarbonyl compounds afforded 3-nitropyrid- 
21.1//)-ones. The chemical reaetivities of nitroacetamide and nitroacetohydrazide were 
compared. 
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3-Aminopyridones belong to a class of compounds 
that are of certain interest in terms of biological activity. 
One of them has been patented as a highly effective 
cardiotonic, I and others were obtained as semi-products , / ~  
in syntheses of preparations that exhibit a high activity W. 
against the immunodeficiency virus, z-5 One of the meth- //O ~ 6n: _ 
ods for the synthesis of these compounds is hvdrogena- NO2CH2-"C" + CH3COCIt2COR 

- NH 2 
tion of 3-nitropyridones; therefore, it was interesting to 2a 3a,b R 
study the reactions of nitroacetamide with 1,3-dicarbonyl /1%,  / 
compounds. NOa 

3.3. We simplified the procedure 6 for the preparation of " 
nitroacetamide: instead of heating a mixture of ethyl CH~ "N -O 
nitroacetate (la) and an ethanolic solution of ammonia H 
in a sealed tube, we developed a method that did not 4a,b, 43% 
require elevated pressure and temperature. Dissolution 

O 
of ester la in aqueous ammonia gave the ammonium I I  
salt of nitroacetamide (NH4*-2a), which was then neu- //O ~ C H O  
tralized with HCI; the solution was concentrated and NO2CH~'Cx + 
nitroacetamide (2a) was extracted with acetone. 2-N itro- NH2 
propionamide (2b) was prepared by a similar procedure 
from 2-nitropropionate (lb). 2a 3c 4c, 54% 

pentanone (3c) but only' one  of the isomers (4b or 4c) 
was found in the reaction products. 

R = CH 3(3a, 4a); R = CF 3 (3b, 4b) 

s, [ ~ ~  NO2 

~. N..--'~. O 
H 

~O 
NO2CHR--C ~ ~ NO2CR--C~ O 

OEt NH4. NH 2 

la ,b  NH4+-2a,b 

~O 
NO2CHR--C \ 

NH 2 
2a.b 

R = H (a); CH 3 (b) 

The reaction ofnitroacetamide 2a with acetylacetone 
(3a) afforded pyridone (4a) in 43 % yield. Two isomeric 
pyridones can bc formed in the reaction of amide 2a 
with I, 1, I-trifluoroacetytacetone (3b) and 2-formylcyclo- 

It should be noted that such dicarbonyl compounds  
as benzoylacetone, tenoyltrifluoroacetone, ethyl acetoac- 
crate, and ethyl-3-aminobut-2-enoate did not react with 
nitroacetamide under the conditions studied, which may 
result from a decreased activity of the ni t romethylene 
unit. At the same time, it is known that the above 
dicarbonyl compounds react with other compounds  of 
similar structure (cyanoaeetamide, cyanothioacetamide, 
malonamide). The decreased activity of the nitro- 
methylene moiety is quite noticeable when one  com- 
pares the reactions of nitroacetohydrazide (5) and 
cyanoacetohydrazide. The latter is known to react with 
diketones to form l-amino-3-cyanopyridones.  7 We have 
found that the reaction of hydrazide 5 with ethyl ac- 
etoacetate (3d) only affords the corresponding hydrazones 
(6b), while the intermediate hydrazone (6a), which is 
formed in the reaction with acetylacetone, undergoes 
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cyclization to afford 3 ,5 -d imethy t -  1-nitroacetylpyrazole 
(7). Thus, the nucleophi l ic i ty  of  the cyanomethylene 
anion in cyanoace tohydraz ide  is stronger than that o f  
the "free" ( terminal)  amino  group,  and the nucleophil ic-  
ity of  the n i t romethylene  an ion  in ni troacetohydrazide is 
weaker  than that o f  the "free" amino  group. 

R 
~,==O /CONHNH 2 

H 2~=== + U2C 
0 NO 2 

Me 
3a,d 5 

R = Me (3a, 6a): OEt (3d, 6b) 

M e--C--C Hz---COR 
11 
N--NH--COCH2NO 2 

l 6a,b 

OCH2NO 

Me..._ /N... 

7 

The catalytic reduct ion o f  ni t ropyridone 4a afforded 
the corresponding aminopyr idone  (8) in 95 % yield. 

Me Me 

NO2 2% Pd/C, DMF .~ 

Me N "0 Me/ '~"  N " ~ O  
H H 

4a 8 

The study of  the proper t ies  of  the amino group in 
this compound  ~howed that  it is rather reactive: the 
reaction with phenyl i so th iocyana te  gave the correspond- 
ing thiourea,  and the S c h i f f ' s  bases (10) were formed in 
high yields in the react ion with aromatic  aldehydes. 

Me 

H 

8 

Ph b'IC ~t,// 

Me 
I ~ NHCSNHPh 

',I I 
Me ~ N-,"~O 

H 

9, 77% 

"X,•CHO 
Me I 

I ~ . ~ N = C H A r  

Me . . . ~  N .--"~- O 
H 

10a--e, 60--98% 

Ar = Ph (1Oa); 3,4-(MeO)2Ph (lOb); 2,4-Ct2Ph (10c); 
4-NO2Ph (lOd); pyrid-3-yl (1Oe). 

Hydrogenat ion of  the latter c o m p o u n d s  to give the 
corresponding (arylmethyl)amines,  wh ich  are rather close 
structural analogs of the a n t i - A i D S  preparat ions  de-  
scribed above, are to be publ ished later .  

Experimental 

IH and tgF NMR spectra were obtained on an WM-250 
instrument at working frequencies o f  250.13 MHz and 
235.34 MHz, respectively. I3C and t4N spectra were obtained 
on an AM-300 instrument at working frequencies of 75,47 MHz 
and 21.69 MHz, using the following internal standards: SiMe,, 
for IH and t3C NMR. CF3COOH for zgF NMR,  and 
nitromethane tbr 14N NMR. Unless specified otherwise, NMR 
spectra were recorded in DMSO-d 6. IR spectra were obtained 
on a UR-20 instrument (in KBr pellets). Mass spectra were 
recorded on a Finnigan-Mat instrument (El,  ionizing voltage 
70 eV). Ethyl nitroacetate was prepared by ttle procedure in 
Ref. 8. The characteristics of products 4a--e and 8 are given 
in Table 1. and those of products IOa--e ,  in Table 2. 

Nitroaeetamide (.?,a). 1. Ethyl nitroacetate (13.3 g, 0.1 moo 
was added to concentrated aqueous ammonia (67 mL), and 
the solution was stirred and kept at  20 ~ for 3 days. The 
aqueous solution was then concentrated,  and the solid was 
filtered off to afford 10.8 g (89 %) of  the ammonium salt 
(NH4+-2a). IH NMR, 5:4.00--4.50 (s, 4 H. NH4+). 5.96 (s, 
I H, CH),6.65 (s, 1 H, NH),8.77 (s, I H, NH); 14N:-32.8 
(NO2), -359.4 (NH++). 1R (cm- l ) :  1480 (v(C--N)), 1340 
(vasNO2), 1170 (vsNO2). 

2. The ammonium salt of ni troacetamide was dissolved 
with light heating in water (50 mL) and neutralized with 10% 
HCI tmtil acidic reaction. The resulting solution was evapo- 
r=:eu, and nitroacetam~uc was extracted with hot acetone 
(3• mL) from the mixture with ammonium chloride. The 
acetone was Femoved on a rotary evaporator, and the residue 
was crystallized from alcohol to aIf'ord 8.36 g (90%) of the 
product, m.p. 98--99 'C Ccf: 99 - - t 00  ~ 6. tH NMR 
(Me2CO-d6), 6:5.30 (s, 2 H, CH2); 7.60 (s, I H. NH): 7.82 
(s, I H, NH). [R (cm-I): 1650 ( v C O N H ) ,  1570 (vasNO-2), 
1380 (vsNO2). MS, m/z ([rel (%)): 104 [M +] (5), 61 [M < -  
CONH+H] (t2), 58 [M+-NO2] (100), 44 [M+-NO-~-CH2I 
(49), 42 [M+-NO2-NH2] (20). 

2-Nitropropioamide (2b). !. Ethyl 2-nitropropionate 
(l.47 g, 0.01 tool) was added to concent ra ted  aqueous ammo- 
nia (7 mL). and the solution was st i rred and kept for 4 days. 
The aqueous solution was then concent ra ted  and filtered to 
afford 1.36 g (91%) of the a m m o n i u m  salt of 2-nitro- 
propioamide (NH4+-2b). 

2, The salt NH4+-2b was treated as described above For 
amide 2a. Nitropropioamide 2b was extracted from the mixture 
with ammonium chloride with hot acetone (3• mL). The 
acetone was evaporated, and the residue was crystallized from 
ethanol to afford I.[5 g (90%) of tb.e product, m.p. 85--87 ~ 
Found (%): C. 30.8; H, 5.2; N, 23.5. C3H6N203. Calculated 
(%): C, 30.5; H, 5.1; N, 23.7. tH N M R ,  a: 1.70 (d, 3 H. CH3); 
5.42 (q, [ H, CH): 7.00 (s, I H, N H ) ;  7.50 (s, [ H. NH). 

2,6-Dimethyl-3-nitropyrid-Z(IH)-one (4a). The ammo- 
nium salt of nitroacetamide (48 g, 0.397 mor) was dissolved in 
water (350 mL), and acetylacetone (50 mL, 0.5 tool) and 
piperidine acetate (20 g, 0.134 tool)  were added to the solu- 
tion. Orange crystals of product 4a began to form after 3 days. 
The solution was allowed to stand for two weeks, and the 
product was then filtered off and washed with water and a 
small amount of ethanol to yield 24.6 g of 4a  
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Table 1, Characteristics of nitropyridones 4a--c and aminopyridone 8 

Corn- M.p./~ Molecular Fouiqd _ (%) IH NMR, 8 (J/Hz) 
pound (solvent) formula Calculated 

C H N 

1 R, v/cm -I MS, Yield 
[M*I (.%) 

4a 262--263 C7HsN203 5_O_1_ 4.7 16 .6  2.18 (d, 3 H, 4j = 0.4), 
50.0 4.8 16 .8  2.28 (d, 3 H, 4j = 0.8), 

610 (m, 1 H), 
12.40 (s, i H) 

4b 227--228 C7HsF3N203 375 2~ 12A 2.55 (d, 3 H, 4j = 0.8), 
(EtOH) 37.9 2.3 12.6  6.45 (q, 1 H, 4j = 0.8) 

t650 (vCONH),  
t520 (vasNO2), 
1370 (vsNO2) 

168 

t670, 1630 (vCONH), 222 
1540 (v~sNO2), 
1350 (vsNO2) 

4c 210--212 CaHsN203 ~J_~ 4.5 15 ~ 2.10 (m, 2 H), 2.70 (m, 2 H), 1672 (vCONH). 180 
(DMF) 53.3 4.5 15 .6  2.90 (m, 2 H), (CH2CH2CH2),I592(vCONH),  

8.24 (s, I H, CH), 1576 (vasNO2) 
12.7 (s, 1 H, NH) 

8 207--208 C71tION20 61.0 7.4 204 1.93 (s, 3 H, CH3), 2900--3440 {vNH), 138 
(DMF) 60.9 7.3 20 .3  2.04 (s, 3 H, CH3), 1630, 1600 (vCONH) 

4.40 (s, 2 H, NH2), 
5.70 (s, 1 H, CH), 
11126 (s, 1 H, NH) 

Table 2. Characteristics of  Schiff's bases 10a--e 

Corn- M.p. Molecular Found _ (%) |H NMR (8) I R, v/cm - l  MS, Yield 
pound /~ formula Calculated [M+I (%) 

47 

34 

54 

88 

C H N 

10a 165--167 CEaHI,~N20 74.5 6.4 12.1 
74.3 6.2 12.4 

lob 225--227 CI6H laN~O3 6--7.,9 ~ 
(decomp.) 67. I 63 9.8 

10c 300 CI4H uCI2N20 56.6 4.3 
(subl.) 56.9 4.1 9.5 

t0d 320--323 CI4HI3N30~ 61.6 4.7 t5.3 
(decomp.) 62.0 4.8 15.5 

10e 230 CI3HL3N30 6 ~  _5.5 
(decomp.) 68.7 5.8 18 5 

2.17 (s, 3 H, CH3), 2800 (NH), 226 75 
2.30 (s, 3 H, CH3), 1650 (CONH), 
6.00 (s, l H, CH). 1620 (CONFI) 
7.50--8.00 (m, 5 H, arom.), 
9.70 (s, I H, CH=N), 
11.50 (s, I H, NH) 

2.18 (s. 3 H, CH3), 2800 (NH), 286 60 
2.28 (s, 3 H, CH3), I640 (CONH), 
3.85 (s, 3 H, OCH0,  1630 (CONH) 
3.90 (s, 3 H, OCH3), 
6.00 (5, 3 H, CH), 
7.00--7.60 (m, 3 H, arom.), 
9.90 (s, 1 H, CH=N), 
11.50 (s, I H, NH) 

2.19 (s, 3 H, CH3), 2800 (NH), 294 95 
2.34 (s, 3 H, CH3), 1645 (CONH), 
6.10 (s, 1 H, CH), 1625 (CONH) 
7.50--8.20 (m, 3 H, arom.), 
10.10 (s, t H, CH=N), 
11.80 (s, I H, NH) 

2.20 (s. 3 H. CH3L 2800 (NH), 27l 98 
2.35 (s, 3 H, CH3), 1650 (CONH) 
6. t0 (s, 1 H, CH), 1620 (CONH), 
8.00--8.40 (m, 4 H, arom.), I530 (vasNO2), 
9.80 (s, I H, CH=N), 1350 (vsNO2) 
11.80 (s, I H, NH) 

2.20 (s, 3 H, CH3). 2800 (NH). 227 71 
2.30 (s, 3 H, CH0,  I620 (CONH) 
6.05 (s, I H. CH), 
7.50--9.70 (m, 5 H. arom.). 
11.80 (s, 1 H, NH) 
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6- Methyl- 3-nitro- 4- trifluoromethylpyrid-2 ( i/-/)-one (4b). 
Piperidine acetate (5 g. 33 mmol)  was added to a solution of 
l , l . l - t r i f i l .oroacetylacetone (1.12 g, 0.01 tool) and nitro- 
acetamide (1.22 g, 0.011 tool) in water (12 mL), and the 
mixture was kept for 3 days at 20 ~ The solution was then 
evaporated, and the residue was crystallized from ethanol to 
yield 0.61 g of the product. 

3-Nitro-5,6-trimethylpyrid-2(! H)-one (4e). Piperidine ac- 
etate (5 g, 33 retool) was added to a solution of 2-formyl- 
cyclopentanone (3.08 g, 0.02 tool) and nitroacetamide (2.43 g. 
0.02 tool) in ethanol (15 mL),  and the mixture was kept for t 
day. The reaction mixture was then concentrated and poured 
into water. The residue was dissolved in ethanol, the solution 
was passed throt,gh silica gel, the ethanol was evaporated, and 
the product was crystallized from DMF to yield 2.4 g of 4e. 

Potassium salt of 2-nitroaeetohydrazide (K-5). A solution 
of ethyl nitroacetate (3.3 g, 0.025 tool) and hydrazine hydrate 
('3.7 g, 0.074 tool) in water (20 mL) was kept for I day. After 
that, KOH (1.4 g, 0.025 tool) was added to the solution, and 
the solt, tion was concentrated to I/5 of the initial voh,me. The 
precipitate that formed was filtered off to yield 3.1 g (96 9"65 of 
the product, ~H NMR, 6 :4 .00- -4 .50  (br.s, 2 H, NH2). 5.96 
(s, I H, CH), 10.06 (s, I H, NH). 

Ethyl 3- (u i t roace ty lhydrazono)butanoate  (61)). AcOH 
(0.12 mL, 2 mmol) was added to a solution of the potassium 
salt of nitroacetohydrazide (0.31 g, 2 retool) and ethyl ac- 
etoacetate (0.26 mL. 2 re too l ) in  water (3 mL). After ~1 rain, 
the precipitate that formed was filtered off to yield 393 mg 
(85 %) of 6b, m.p. 93--94 ~ Found (%): C, 41.4; H, 5.5; 
N, I8.2. CsHI3N30 5. Calcula ted (%): C, 41.6; H, 5.7; 
N, t8.2. A mixture of Z- and E-isomers (in a 2.2 : I ratio) 
was observed in the IH N M R  spectrum. The signals for 
CH3(Et), CH3(C=N),  CHz(C=N) ,  CHz(Et), CHINO,, and 
NHCO, respectively, are given (6). The main isomer (2"): 1.20 
(t, 3 H), 1.90 (s, 3 H), 3.30 (s, 2 H). 4,15 (q, 2 H), 5.70 is, 2 
H). I I.00 (s. I H): the minor  isomer (E): 1.20 (t, 3 H). 1.95 
(s, 3 H), 3.40 (s. 2 H). 4.15 (q, 2 HS. 5,45 (s, 2 H), 10.80 Is. 
1 H). IR (cm-I):  3200, 3060 (v,,~INH), 1725 (vCOO). 1680 
(vCONH), 1560 (va,~NO2), 1350 (v~NO2). MS, m/z (lre t (%)): 
231 [M+I (3), 185 [ M * - N O , ]  (33), 158 [M§ (95, 
144 [M+-COCH~NO,+H]  (8). l i t  [ M * ' - N O 2 - C O O E t - H  ] 
(41), 98 [ M + - C H 2 N O 2 - C O O E t l  (51). 

3,5-Dimethyl- l-nitroaeetylpyrazole (7). AcOH (0.12 mL, 
2 retool) was added to a solution of potassium salt of 
nitroacetohydrazide K-5 (0.3t g, 2 mmol) and aeetylacetone 
((0.2 mL, 2 mmol) in water (2.5 mL). After I day, white 
crystals were filtered off to yield 50 mg (13.6 %) of 7, Found 
(%): C, 45.9; H. 4.8; N. 22.9. CTHpN303. Calculated (%): 
C. 45.9; H, 5.0; N, 22.9. IH NMR (Me2CO-d6), 8: 2.05 (s, 3 
H, CH3): 2.20 (s, 3 H. CH3); 5.05 (s, 2 H, CH2NO2); 5.80 
(s, I H, CH). MS. m/z(lre I (%)): 183 [M+I (14). 109 [,M + -  
NO2-CO I (17), 95 [M+-COCHzNO~]  t i00),  81 [ M * -  
COCH2NO2-CH2] (8). 

3-Amino-4,6-dimethyll)yrid-2(IH)-one (8). A solution of 
pyridone (4a) (5.8 g, 34.5 retool) and 2% Pd/C (0.75 g) in 
DMF (25 mL) was placed into an autoclave. The hydrogena- 
tion was carried otn at 60 ~ and 40 arm. of H 2 for 3 h. The 
solution was then cooled, and the product was filtered off and 
crystallized from DMF to yield 4.2 g of compound 8. 

N-(4,6- Dimethyl-2-oxo( 1 H)-pyrid-3-yl)-N'-phenylthiourea 
(9). Phenylisothiocyanate (946 mg, 5 mmol) was added to a 
solution of aminopyridone 8 (690.8 mg, 5 retool) in acetoni- 
trite II0 mL). After one day, the acetonitrile was evaporated, 

and the residue was crystallized from ethanol  to yield 1.05 g 
(77 %) of 9, m.p. 160 ~ Found  (%): C, 61.8; H, 5.3; 
N, 15.5. CI4HIsN3OS. Calculated (,%5: C, 61.5; H, 5.5; 
N, 15.4. MS, m/z (lre~ (%)): 273 [M+] (5). ~H N M R  
(Me?.CO-d6), 5:2.00 (s, 3 H, CH3); 2.15 (s, 3 H, CH3); 5.80 
(s, I H, CH);7 .00--8 .50(m.  5 H, a r o m ) ; S 5 0 ( s ,  1 H, NH);  
11.70 (s, I H, NH). 

Preparation of Schiffs bases from aminopyridone (8). Gen- 
eral procedure. An aldehyde (5.5 retool) was added to a 
solution of amine 8 (5.0 mmol) in D M F  (3 mL). and then 3 
or 4 drops of acetic acid were added to the solution. After 
some time. the product was filtered off. 

3-(Bemeylidenamino)-4,6-dimethylpyrid-2(l/'/5-one (10a) 
was synthesized from 8 (704 rag, 5. l retool) and benzaldehyde 
(811 rag, 7.65 retool). The yield was 865 rag. 

3- (3,4- Dimetboxybenzylidenamino) -4,6-dimethylpyrid- 
2( lH)-one (10b) was synthes ized  from 8 (683.9 mg, 
4.95 mmol) and 3 .4 -d ime thoxybenza ldehyde  (1.64 g, 
9.9 retool). The yield was 850.4 rng. 

3- (2,4- Dichlorobenzylidenamino)-4,6-dimethytpyrid-2 ( 111")- 
one (10e) was synthesized from 8 ( 6 9 0 8  rag, 5 retool) and 
2,4-dichlorobenzaldehyde (1.14 g, 6.5 mmol).  The yield was 
1.4g. 

4,6- Dimethyl-3-(4-nitrohetL-~lidenamino)pyrid- 2 ( IH)-one 
(10d) was synthesized from 8 (690 .7  rag, 5 retool) and 
4-nitrobenzaldehyde (83 l rag, 5.5 retool) .  The yield was 1.33 g. 

4,6- Dimethyt-3 - (pyrid -4-ylme thytenamino)pyrid - 2( ! H)-one 
(10e) was synthesized from 8 (680.1 rag, 4.95 mmol)  and 
pyridine-3-earboxaldehyde (769 rag, 7.43 ntmol). The yield 
was 799 mg. 
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