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VI.* NITRATION OF 6-PHENYL-2-PYRIDONE 

N. P .  S h u s h e r i n a  a n d  T.  I .  L i k h o m a a o v a  UDC 547.824.828 : 542.958.1 

The nitration of 6-phenyi-2-pyridone with 70% nitric acid, nitronium tet raf luoroborate ,  and 
acetyl nitrate has been studied for the f i rs t  time. It was shown that, depending on the r e -  
action tempera ture ,  the nitro group enters  the 3 or  5 position of the heterocycl ic  ring. 3- 
Ni t ro-6-(p-ni t rophenyl) -2-pyr idone is formed by the action of fuming nitric acid on 6-phenyl-  
2-pyridone. The s t ruc tures  of the ni t ropyridones obtained were proved by PMR spec t ros -  
copy. 

It is known [i, 2] that the nitration of 2-pyridones proceeds at the 3 and 5 positions to give mono- 
and dinitro derivatives. The data relative to which of the possible mononitro isomers is obtained under 
various conditions are extremely contradictory [3-5]. 

In the present paper we have studied for the first time the nitration of 6-pheuyl-2-pyridone by the 
action of various nitrating agents - 70% nitric acid, nitronium tetrafluoroborate, fuming nitric acid, and 
acetyl nitrate (in the cold and at 90~ In the case of this aryl-2-pyridone, in which both reactive posi- 
tions are free for electrophilic attack, it was of interest to ascertain the site of entry of the nitro group 
into the pyridone ring and the possibility of selective nitration in the pyridone or benzene ring, as we have 
previously demonstrated for 6-phenyl-2-pyrone [6]. 

The nitration of 6-phenyl-2-pyridone (I) with 70% nitric acid in the cold gives one compound (in 60% 
yield), which, judging from the analytical data, is the mononitrophenylpyridone; its purity was confirmed 
by thin-layer and gas- liquid chromatography. This same compound is formed in 40% yield by the action of 
nitronium tetrafluoroborate (in nitromethane solution) on 6-phenyl-2-pyridone in the cold. The 3-nitro-6- 
phenyl-2-pyridone structure (If) of the nitro compound was proved by means of its PMR spectrum (see 
below). 

C~HS~.NJ~O or BF4NO 2 C6H~.N/'tO 
It H 

I II 

The entry of the nitro group only into the 3 position of the pyridone r ing during nitration in the cold 
does not agree with the direction of other electrophilic substitution react ions for 2-pyridones (for example, 
chlorination [7, 8] and iodination [9]), which proceed only (or pr imari ly)  at  the 5 position under these con- 
ditions. 

As was descr ibed for 3-hydroxypyridine [10-12], the reason for this sor t  of orientation during the ni- 
trat ion of 6-phenylpyridone in the cold is  possibly the formation of a "chelate" bond between the hydroxyl 
and nitro groups in the t ransi t ion state. If this assumption is co r rec t ,  one might have expected a change in 
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Fig. 1. PMR spec t ra :  1) 6- 
pheny l -2 -pyr idone  (I); 2) 3-  
n i t r o -6 -pheny l -2 -py r i done  
(II); 3) 5 - n i t r o - 6 - p h e n y l - 2 -  
pyr idone (III); 4) 5 ,6 -cyc lo -  
hexano-2-pyr idone  (V); 5) 3-  
n i t r o -6 - (p -n i t r opheny l ) -2 -  
pyridone (IV). 

the orientation during nitration of this pyridone under more severe 
temperature conditions that prevent the formation of a hydrogen bond. 
In fact, if the nitration of 6-phenylpyridone is carried out with 70% ni- 
tric acid while heating (90~ primarily 5-nitro-6-phenyl-2-pyridone 
(HI) is obtained, together with a lesser amount of the 3-nitro isomer 
(]I) [in a ratio of 3 : 2, judging from the results of gas - liquid chroma- 

70% IINO3, 90: 
I 

tography  (GLC)]. 

H 

II IH 

The same mixture of isomers was obtained by nitrat ion of 6- 
phenyl-2-py~done with acetyl mtrate at 90 ~ Thus in the investigated 
examples of the ni trat ion of 6-phenyl-2-py~done, the site of entry of 
the nitro group is determined by the temperature conditions of the re- 
action rather than by the character of the nitrating agent. 

The structures of mononitro isomers II and III were proved by 

means of the PMR spectra. The assignment of the bands in the PMR 
spectra* of nitro compounds II and III was made by comparing them 
with the spectra of the starting 6-phenyl-2-pyridone and 5,6-cyelo- 
hexano-2-pyridone (V) and with the spectra of 4,6-dimethyl-2-pyridone 
[13] and 2-pyrone [14] (Fig. 1 and Table i). 

The spectrum of 6-phenyl-2-pyridone is divided into parts A and 
B with respect to the integral 6 : 2, from which it follows that the five 
protons of the benzene ring and one proton of the pyridone ring cor- 
respond to the A group (multiplet at 7.8-8.1 ppm), while the two pro- 
tons of the pyridone ring correspond to the B group (two doublets at 

6.95 and 6.62 ppm). Judging f rom the data in [13] that  53, 5 <64,6, the 
signal of the proton of the pyr idone ring, which is  supe r imposed  on the 
mul t ip le t  of the phenyl ring, co r r e sponds  to the fourth proton and is  
found at 7.70 ~= 0.1 ppm. 

We conf i rmed  this conclusion by compar i son  with the spec t rum of 5 ,6-cyc lohexano-2-pyr idone ,  which 
has  two doublets at 6.85 and 7.50 ppm, the a s s ignment  of which to C3H and C4H, r e spec t ive ly ,  is  conf i rmed  
by double resonance .  When the signal  at 2.9 ppm (which co r r e sponds  to the CH 2 group in the 7 position) is  
i r r ad ia t ed ,  level ing of the in tens i t ies  occurs  only in the doublet at 7.50 ppm. Since this change in intensi ty  
may  occur  due to the long-range  in terac t ion  of the protons  of the CH 2 group only with the proton at tached 
to C 4, the signal  at 7.5 ppm consequent ly  co r r e sponds  to C4H, while that at 6.85 ppm co r r e sponds  to C3H. 

The a s s ignment  of the s ignals  of the B group was made on the basis  of the JHH values,  which amount  
to 6.4 Hz f o r  the doublet at 6.95 ppm and 9.2 Hz for  the doublet at 6.62 ppm. Since it  is  known [13, 14] that 
J4,5 < J3,4 for  2 -pyr idones  and 2 -pyrones ,  the f i r s t  doublet should be a s s i g n e d  to CSH, while the second 
should be ass igned  to C3tt. The re  is  only one doublet in the B group in the spec t r a  of mononi t ro  i s o m e r s  
II and IlI at 7.00 and 6.70 ppm with coupling constants  of 8 and 10 Hz, r espec t ive ly .  In conformi ty  with the 
inequali ty p r e s e n t e d  above (J4,5 < J3,4), these  values  make  it  poss ib le  to ass ign the 3 - n i t r o - 6 - p h e n y l - 2 -  
pyridone s t ruc tu re  to II and the 5 -n i t r o -6 -p heny l -2 -py r idone  s t ruc tu re  to HI. 

The shift  in the C4H signals  in ni tro compounds II and HI as c o m p a r e d  with the s t a r t ing  6 -pheny l -2 -  
pyridone (I) (because  of the p rox imi ty  of the NO 2 group to this proton) is  respons ib le  for  the appearance  of 
doublets at s t ronge r  field (8.74 and 8.84 ppm, respec t ive ly)  in the i r  spec t ra .  

The ni t ra t ion of 6 -pheny l -2 -pyr idonc  with fuming nitr ic acid gave only a dinitro compound, which, 
judging f r o m  the PMR s pec t rum  (see Table  1), contains one ni t ro group in the benzene r ing (in the p po-  
sition) and another  in the 3 posi t ion of the pyr idone  ring. 

* We thank N. M. Sergeev for his assistance in the interpretation of the spectra. 
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A doublet at 7.33 ppm, which should be re la ted to ChH on the basis of the J4,5 value (8 Hz, compare  
with the above), and a multiplet are observed in the spectrum; the multiplet includes two doublets at 8.43 
and 8.69 ppm, which a re  charac te r i s t i c  for p-subst i tuted phenyl systems,  and a C4H doublet at 8.84 ppm. 

Thus the nitration of 6-phenyl-2-pyr idone with 70% nitric acid, nitronium te t raf luoroborate ,  and 
acetyl nitrate proceeds  only in the heterocycl ic  ring to give 3- and 5-mononitro i somers ,  while 3 -n i t ro -6 -  
(p-ni trophenyl)-2-pyridone (IV) is  formed in the react ion with fuming nitric acid. 

EXPERIMENTAL 

The products  of the nitration of 6-phenyl-2-pyr idone were subjected to GLC with a Pal-104 analytical 
chromatograph with a flame ionization detector; the device had a column 1.5 m long and 4 mm in diameter  
and QF 1%. The c a r r i e r  gas was nitrogen, the flow rate was 100 cm3/sec,  and the tempera ture  was 200 ~ 
The IR spec t ra  of mineral-oil  suspensions were recorded  with an IKS-22 spect rometer .  

3 -Ni t ro-6-phenyl -2-pyr idone  (1I). A) Nitration of 6-phenyl-2-pyr idone with 70% HNOa in the cold. 
A 3-g  sample of 6-phenyl-2-pyr idone (I) (rap 197 ~ [15]) was added with vigorous s t i r r ing  in the course of 
20 rain to 4.5 ml of 70% (sp. gr. 1.41) HNO3, and the mixture was s t i r r ed  at room tempera ture  for 20 h. It 
was then poured into ice water ,  and the result ing c rys ta l s  were removed by filtration. The c rys ta l s  were 
washed thoroughly with water  until they were neutral  and were then dried at 60 ~ to give 2.2 g (60%) of 3- 
n i t ro-6-phenyl -2-pyr idone  (11) with mp 276-277 ~ (dec., f rom methanol). One spot with Rf 0.07 was detected 
by chromatography on A120 a (in methanol); investigation of the substance by GLC showed the presence  of a 
single substance with a retention t ime of 4 rain and 20 see. IR spectrum, cm-t :  1690 (amide UC=O), 1500 
(vNO2). Found: C 61.1; H 4.0; N 13.1%. CIIHoN203. Calculated: C 61.1; H 3.7; N 12.9%. 

TABLE i. Parameters of the PMR Spectra* of 2-Pyridone 

Derivatives 

Corn  - 

pound 

III 

IV 

Formula 

~ 4 

CGH5/~-N/~O 
It 

~ 4 

H s " ~ " ~  NO2 

C6H3/"~HN/ "~0 

H 4 

O2N ~ / ~ / H  3 

H 

H 4 

H 5 "N*~'~/'N O 2 

H 

H 4 

It 

Chemical 
shifts ppm 

6,95 

7,00 

7,33 

Constants, Hz 

8,0 

6,62 7,70 

-- 8,74 

6,70 8,40 

i 

- -  8 , 8 4  

6,85 7,50 

i 

J3,4 J3,5 

9,2 1,0 

1 0 , 0  - -  

14,5 

6,4 

8,0 

8,0 

* The PMR spectra of solutions of I-V in dimethyl sulfoxide were 
recorded with a Varian T-60 spectrometer at 60 MHz. The chemi- 
cal shifts are presented in parts per million with respect to the in- 

ternal standard (hexamethyldisiloxane). 
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B) Nitration of 6-phenyl-2-pyr idone with nitronium tet raf luoroborate .  A suspension of 0.85 g (5 
mmole) of phenylpyridone I in 5 ml of anhydrous nitromethane was placed in a ni t rogen-f i l led four-neck 
flask equipped with a s t i r r e r ,  the rmomete r ,  and capi l lary for supplying gas, and a suspension of 0.66 g 
(5 mmole) of nitr0nium te t raf luoroborate  in 20 ml of ni tromethane was added dropwise with s t i r r ing  at 
such a rate that the t empera tu re  did not exceed 20 ~ The mixture was allowed to stand overnight, and the 
nitromethane was removed by distillation. Trea tment  of the da rk - red  residue with acetone gave 0.4 g 
(40%) of n i t ro -2-pyr idone  c rys ta l s  with mp 260-265~ recrys ta l l iza t ion  from methanol gave a product with 
rap 276-277 ~ (dec.) t h a t  did not depress  the melting point of 3-ni t ro-6-phenylpyr idone obtained by nitration 
of 6-phenyl -2-pyr idone  with 70% HNO 3 in the cold. 

Mixture of 3-  and 5 -Ni t ro -6-pheny l -2 -pyr idones .  A) Nitration of 6-phenyl-2-pyr idone with 70% 
HNO 3 at 90 ~ A 4.8-g sample of phenylpyridone I was added with s t i r r ing  in the course  of 45 rain to 48 ml 
of 70% HNO3, and the mixture was heated on a boil ing-water  bath for 1 h until the vigorous evolution of hi- 
t rogen oxides had ceased. The mixture was cooled and poured into ice water,  and the precipi ta ted c rys ta l s  
were removed by filtration, washed thoroughly with water,  and dried at 60 ~ to give 3.8 g (61%.) of c rys ta l s  
with mp 230-240 ~ (dec.). IR spectrum, era-l:  1690 (amide UC= O) and 1500 (uNO2). Found: C 61.1; H 3.8; 

N 13.0%. CilHsN203. Calculated: C 61.1; H 3.7; N 13.0%. Gas - liquid chromatography of the nitration 
product  with mp 230-240 ~ demonst ra ted  the p resence  of two substances in a ratio of 2 : 3 with retention 
t imes of 4 rain 20 see and 6 rain 45 see. Two spots with Rf 0.07 and 0.14 were also detected by ehroma-  
tography on AlzO ~ (in methanol). A compar ison  of the retention t imes  and Rf values of a mixture of the 
i somer ic  mononitro products  with the corresponding values for 3 -n i t ro -6-phenyI -2-pyr idone  0I) demon- 
s t ra ted that the lat ter  was identical to one of the components of the mixture with Rf 0.07. Five r e c r y s t a l -  
l izations of the mixture  of mononitro compounds f rom methanol gave 3 -n i t ro -6-phenyl -2-pyr idone  with 
mp 276-277 ~ (dec.), which did not depress  the melt ing point of an authentic sample of 3 -n i t ro -6 -pheny l -  
pyridone. The second component with Rf 0.14 and retention t ime 6 min 45 see was isolated by heating 1 g 
of the mixture  with 10 ml of methanol. The insoluble portion was separated,  and the solution was evapo- 
ra ted to dryness  to give c rys t a l s  with mp 266-270 ~ (from ethanol), which, judging f rom the PMR spectrum, 
were 5 -n i t ro -6 -phenyI -2 -pyr idone  (HI). 

B) Nitration of 6-phenyl-2-pyr idone  with acetyl nitrate at 90 ~ A total of 13 ml of concentrated HNO 3 
(sp. gr. 1.40) was added to a solution of 0.5 g of phenylpyridone I in 13 ml of glacial acetic acid, and the 
mixture was heated on a boil ing-water  bath until the evolution of nitrogen oxides had ceased.  The mixture 
was cooled and poured into ice water ,  and the precipi ta ted yellow c rys ta l s  were removed by filtration and 
washed with water  (until they gave a neutral  reaction) to give 0.32 g (50%) of a mixture of 3- and 5-n i t ro -  
6-phenyl -2-pyr idones  (in a ratio of 2 : 3 according to GLC). 

3 -Ni t ro-6- (p-n i t rophenyl ) -2-pyr idone  (IV). A 3-g  sample of phenylpyridone was added in the course  
of 40 rain to a cooled (0 ~ 30 ml of fuming HNO 3 (sp. gr. 1.5, 98%), and the mixture was s t i r r ed  at the same 
tempera tu re  for 1.5 h. It was then poured into ice water ,  and the precipi ta ted c rys ta l s  were removed by 
fil tration and washed with water  (until they gave a neutral reaction) to give 1.71 g (36%) of a dinitro com-  
pound with mp 284-285 ~ (dec., f rom acetonitri le).  According to the PMR spectrum,  the product  was 3-  
n i t ro -6- (p-n i t rophenyl ) -2-pyr idone  (IV). IR spectrum,  era-l: 1690 (amide UC=O ) and 1500 (uNOz). Found: 
C 50.6; H 2.7; N 16.0%. CllHTN305. Calculated: C 50.5; H 2.6; N 16.1%. 
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