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The r a t io  of 3- and 5-n i t ro  i s o m e r s  fo rmed  in the n i t ra t ion of 2 -pyr idones  with n i t r ic  acid is 
de te rmined  by the r eac t ion  t e m p e r a t u r e  but is  independent of the concentra t ion  of the ni t ra t ing 
agent.  The p r e s e n c e  of a phenyl group in the 6 pos i t ion  of the a - p y r i d o n e  r i ng  h inders  incorpo-  
rat ion e r a  ni t ro group in the 5 posi t ion.  

Many e lec t rophi l ic  substi tut ion r eac t ions  of 2 -pyr idones  p roceed  with incorpora t ion  of a subst i tuent  in 
the 5 posi t ion.  I t  has  been  r e p o r t e d  that  p r i m a r i l y  3 -n i t ro  i s o m e r s  a r e  f o rmed  by ni t ra t ion [1, 2], but in the 
case  of 1 -me thy l -2 -py r idone  and 6 -pheny l -2 -pyr idone  we have es tab l i shed  that  th is  so r t  of or ientat ion is ob- 
s e rved  only at  low t e m p e r a t u r e s  and that  r a i s i ng  the t e m p e r a t u r e  leads  to an i nc r ea se  in the  pe rcen tage  of the 
5-n i t ro  i s o m e r  [3, 4]. The  l i t e r a tu r e  contains con t r ad i c to ry  data with r e s p e c t  to the s i te  of incorpora t ion  of 
a subst i tuent  in the ni t ra t ion of unsubst i tuted 2-pyr idone  and 1 -me thy l -2 -py r idone  [2, 4-7].  

In the p r e sen t  r e s e a r c h  we set  out to a s c e r t a i n  the ef fec t  of the temperat~tre  on the or ienta t ion  in the 
n i t ra t ion of 2 -pyr idones  with di f ferent  s t r u c t u r e s .  Fo r  this,  we se lec ted  2-pyr idone  (I), 1 -e thy l -2 -pyr idone  
(II), and 1 -p ropy l -2 -py r idone  011), which do not have subst i tuents  a t tached to a he t e ro r ing  carbon atom, in 
o rder  to e l iminate  the effect  of s t e r i c  f ac to r s  on the ra t io  of the ortho and p a r a  i s o m e r s  [8]. For  compar i son  
we studied the n i t ra t ion of 1 - m e t h y l - 6 - p h e n y l - 2 - p y r i d o n e  (IV}. 

We used  70 and 98% ni t r ic  acid,  since that gives fewer  undes i red  dini t ro  compounds than a n i t ra t ing mix-  
tu re  but the s a m e  i s o m e r  r a t i o s  and ove ra l l  y ie lds  of  n i t ra t ion products  [4]. 

Ni t ro  compounds V-XIV were  isola ted in individual f o r m  by means  of column chromatography  (see Tables  
1 and 2). The i r  s t r u c k t r e s  w e r e  p roved  by the i r  PMR spec t r a  by compar i son  with the spec t r a  of s ta r t ing  py r i -  
dones I - IV  and 3- and 5 - n i t r o - l - m e t h y l - 2 - p y r i d o n e s ,  which a r e  desc r ibed  in [9], and f r o m  the mul t ip l ic i t ies  
[ t r iplet  5-H signal  for  the 3 -n i t ro  i s o m e r s  (V-VII) and doublet  3-H signal for  the 5-n i t ro  i s o m e r s  (IX-XD] and 
the constants  of coupling of the 5-H and 3-H protons  with the adjacent  pro tons  on the bas i s  of the prev ious ly  
found pr inc ip le  that  33,4> J4,5 (see Table  3) [3]. 

According to the data in Tab le  1, at  20~ the n i t ra t ion of pyr idone I p roceeds  with cons iderably  g r e a t e r  
difficulty than the n i t ra t ion of 1 -a lky lpyr idones  ]I-IV and only in the 3 posi t ion.  Py r idones  ] l - IV f o r m  3- (VI- 

TABLE 1. Yields  and Rat ios  of the P roduc t s  of Ni t ra t ion of 2 - P y r i -  
dones (V-XIV) 

Reac- 70% (sp. gr. 1.41), yield, % ~ d  
Starting tion [ HNO~ I ratio of starting 
pyridone temp,, 3- and ovridone, 

"C 3-NO2 5 NO., 5_NO 2 3,5-di-NO 2 @s 
isomers 

2-Pyridone (I) 

l-Ethyl-2- 
pyridone (II) 

1-Ptopyl-2- 
pyridone (III) 

l-Methyl-B- 
phenyi-2- 
pyricrone (IV) 

20 
9() 
20 
90 
20 * 
20 
90 
20 
90 

18 (V) 
48 (V) 
40 {vI) 
,t8 {\;i) 
16 (VI) 
42 (VII} 
4_9 {vii) 
80 (viii) 
46 {VIII) 

27 i'xl 
25 (x) 
-tl (x) 
8 {X} 

25 (xI) 
38 (xl) 
16 (XII) 
46 {XII) 

1,74 

1,81 
1,17 
2,0 
1,68 
1,11 
5,00 
1,00 

5 (-xi i 1) 
45 (XIlI) 

13 (XlV) 

64 

33 

48 

*The  ni t ra t ion was c a r r i e d  out with 98% HNO 3 (sp. gr .  1.5). 

M. V. Lomonosov  Moscow State Univers i ty ,  Moscow 117234. T rans l a t ed  f r o m  Khimiya Geterots i ld i -  
cheskikh Soedinenii,  No.  1, pp. 72-75, January ,  1978. Or ig inal  a r t i c l e  submit ted J~me 6, 1977. 

0009-3122 /78 /1401-  0057 $07.50 O 1978 Plenum Publishing Corpora t ion  57 



~"N~ [ ~ o ~  No2. ~ NO:~NO~ 
R' O R ' ~ N ~ " > , O  + ; 

R "  ~-N/~x}O R '~ ~N / ~O 
I I I I 
R R R R 

I - I V  V-VIII  IX-Xll  XIII, XIV 

I, V, lX R = R ' = H ;  II, VI, X, XIII R=C~Hs, R '=H;  III, VII, XI, XIV R=C3HT, R '=H;  
IV, VIII, XlI R=CHa, R'=C61-I~ 

VllI) and 5-nitropyridones (X-XID with significant predominnuce of the former. The ratio of 8- and 5-nitro 
isomers obtained from pyridones I and 1I is 1.7-1.8 but increases to five for 1-methyl-6-phenyl-2-pyridone 
(IV) because of the fact that the phenyl group in the 5 position hinders approach of the attacking group. 

Raising the temperature to 90~ leads to equalization of the rates of nitration in both positions (the ratio 
of the 3-nitro and 5-nitro isomers is 1.00-1.17 for all of the investigated pyridones), 

Thus we have shown a distinct dependence of the orientation on the temperature in the nitration of 2-pyr- 
idones with different strucfiares. An increase in the nitric acid concentration has almost no effect on the isomer 
ratio but only increases the amount of dinitro compounds XIII and XIV. 

In contrast to other electrophilic substitution reactions, nitration primarily in the 3 position indicates a 
factor that promotes ortho orientation, the effect of which decreases as the temperature is raised. This sort 
of dependence of orthc,-para orientation on the temperature has been observed in the nitration of phenols (with 
nitric acid under conditions that exclude their nitrosation [10]), for which this phenomenon is associated with 
prior "fo coordination of the nitrating agent with the ring substituent [2]. The possibility of coordination between 
the nitro group in the 3 position and the hydroxyl group of the tautomeric hydroxypyridine forms, which stabi- 
l izes the transition state, was previously assumed in [3, 11]. The fact that there is also a relationship between 
the temperature and the orientation for 1-alkyl-2-pyridones (although to a lesser  extent than for NH-pyridones) 
makes it possible to assume the possibility of this sort of coordination for the protonated forms of 1-alkyl-2- 
pyridones. 

E X P E R I M E N T A L  

The PMR spectra of the compounds were recorded with a Varian T-60 spectrometer with hexamethyl- 
disiloxane as the internal standard. 

1-Methyl-6-phenyl-2-pyridone (IV). A 14.5-g (0.087 mole) sample of 6-phenyl-2-pyridone was added to 
a solution of sodium methoxide (from 2 g of sodium and 25 ml of methanol), after which 8.5 ml (0.11 mole) of 
dimethylsulfate was added with stirring in the course of 15 rain. The m ~ e  was then heated at 90~ for 9 h, 
after which it was neutralized with 10 ml of 25% aqueous sodium hydroxide and extracted with chloroform. The 
chloroform extract was washed with water and dried with magnesium sulfate, and the solvent was removed by 
distillation. The residual 0il began to crystallize when cyclohexane was added. Workup gave 5 g (33%) of pyr- 
idone IV with mp 65~ IR spectrum: 1680 cm -1 (pyridone CO). ~uund: C 77.8; H 6.1; N 8.0%. Ci2HI1NO. 
Calculated: C 77.8; H 5.9; N 7.6%. 

TABLE 2. Constants and Results of Analysis of Nitro-2-pyridones 

Com- 
pound' Name 

V1 

X 

VII 

XI 

VIII 

XII 

XlII 

XIV 

3 -Ni t r o - l - e t hy l - 2 -  
pyridone 

5 -Nitro - t -ethyl  -2 - 
pyridone 

3 -Ni t ro - l -p ropy l -2 -  
pyridone 

5 -Ni t ro - l -p ropy l -2 -  
pyridone 

a-Nitro-1 -methyl  -6 - 
phenyl-2-pyridone 

5 - N i t r o - l - m e t h y l - 6 -  
phenyl-2-pyridone 

3 ,5 -Din i t ro - t - e thy l -2 -  
pyridone 

3 ,5 -Din i t ro - l -p ropy l -2 -  
pyridone 

rap, "C 
Found, qo 

I c u N 

120--121 149,g 
from benzene) 

119--120 [50,4 
ibomto luene)  I 

35 52,7 

80- 8I [53,0 
( ~ o m h e x a n e )  

166--167 162,7 
(from benzene)]  

137--139 

131 [40,0 
(from toluene) 

116--117 42,3 

Empirical Cale., ~ o 

formula __ _ _ 
I c u N 

CTHaNeOa 

CaH (N~O~ 

C~2H,0N2Oa 

CTHTNaO~ 

CsH~N~Oa 

50,0 ,t,7 

52,8 5,5 

62.6 4,3 

39,8 3,2 

42,2 3,9 

16,6 

15,3 

12.2 

19,7 

18,,5 

58 



TABLE 3. PMR Spectra of I-XII 

C o m -  
pound 

V 
IX 
VI X 

VII 
XI 
IIt 

VIII 
XII 

Solvent 

ds-DMSO 
d~-DMSO 
CDC[a 
CDCh 
: CDCIa 
CCI4 
CH2C Is 

CH2C12 
CHzC12 

I Chemical shifts 

3-1l 4-II 5-fl 

6 ~  

6~rd 
6,~ 

8,7d i67m 
8,33d 
8,3d 6,35n 
8,05d 
8,4d 6~3u 
8,0 d 6~7 

8,1d 8,1d 
8,1.d 

ppm 

8,13d 
8,87d 
7,88 d 
8,6d 
8,03 d 
8,63d 
7,2--7,~ rn 
(C6H~) 
7.2-7.6 m 
(C6H5) 

constants, "~ 

"f&4 J&5 J4,5 J4,6 

- 8 a a 

1o -g 

~o 7 ? - 

J5,6 

6 

6 

6 

Nitration of 2-Pyridone (D. A 10-ml sample of 70% HNO 3 was added dropwise to 1 g of pyridone I, and 
the mixture was st irred at 20 ~ for 200 h and at 90~ for 2 h. It was then poured over ice, and the mixture was 
neutralized with 40% sodium hydroxide solution and evaporated to dryness.  The residue was extracted with 
alcohol. Chromatography of the alcohol solution on a plate with silica gel (elutiou with ethyl acetate) showed 
the presence of three substances with Rf 0.5, 0.3, and 0.14, which were separated with a column filled with 
silica gel (elution with ethyl acetate). The following compounds were eluted successively: 5-nitro-2-pyridone 
(IX) with mp 185~ 3-nitro-2-pyridone (V) with mp 221-223~ and starting 2--pyridone (1) with mpl l0~  Ac- 
cording to the data in [5, 6], 3-nitro-2-pyridone has mp 224~ and 5-nitro-2-pyridone has mp 186-188~ 

Nitration of 1-Alkyl-2-pyridones (H-IV) with 70% Nitric Acid (sp. g r .  1.41). A 10-ml sample of HNO a 
was added dropwise to 1 g of the pyridone, and the mix t~e  was allowed to stand at 20~ for 200 h and at 90 ~ 
for 2 h. It was then poured over ice, and the mixture was neutralized with 40% sodium hydroxide. The resulting 
solution was extracted with chloroform in an extractor, the extract was dried with MgSO4, and the solvent was 
removed from the extract by distillation. Chromatography of the residue with a column filled with silica gel 
(elution with ethyl acetate) gave 3-nitro and 5-nitro isomers VI-VHI and X-XII in individual form, as well as 
dinitro compounds X~II and XIV (see Table 2). 

Nitration of 1-Ethyl-2-pyridone (II) with 98% Nitric Acid (sp. g~. 1.5). A 15-mi sample of 98% HNO a was 
added dropwise to 1.5 g (0.012 mole) of pyridone II, and the mixture was allowed to stand at 20~ for 70 h. It 
was then poured over ice, and the mixture was neutralized with 40% sodium hydroxide solution. The precipi- 
tated 3-ns (VI) [0.32 g (16%)] was removed by filtration. The aqueous solution was ex- 
tracted with chloroform "m an extractor, the solvent wasremoved by distillation, and the residual mixture 
(1.2 g) of 5-nitro-l-ethyl-2-pyridone (X) and 3,5-diuitro-l-ethyl-2-pyridone (XKI) with Rf 0.78 and 0.32 was 
separated by chromatography with a column filled with silica gel (elution with ethyl acetate) to give 0.15 g 
(8%) of 5-nitro isomer X and 1.05 g (45%} of dinitropyridone XIII. 
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