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In a previous series of papers on aromatic substitution in 2-phenyl-3-hydroxypyridine and its der- 
ivatives we observed a variable orientation of the electrophilic reagents, depending on their type and the 
conditions of running the reaction. Thus, the reactions in alkaline media (aminomethylation, iodination, 
azo-coupling) proceed with involvement of the p-pyridinol nucleus [1-3]. In contrast, during sulfonation 
and nitration, which proceed in strongly acid medium, the p-position of the phenyl ring undergoes substi- 
tution [4, ~]. In view of the cited data it was interesting to study the aromatic substitution of the 2-aryl-3- 
hydroxypyridine N-oxides and compare it with the known properties of the unoxidized compounds. Besides 
this, a study of the biological properties of the 2-aryl-3-hydroxypridine N-oxides had independent interest. 

For this we synthesized a number of 2-aryl-3-hydroxypyridine N-oxides and on the example of 2- 
phenyl-3-hydroxypyridine N-oxide studied the effect of the N-oxide group on the orientation of aminomethyl- 
ation, iodination, nitration and sulfonation. Despite the fact that the N-oxidation of 3-hydroxypyridine pro- 
ceeds in peactically quantitative yield, the oxidation of the 2-aryl-3-hydroxypyridine under analogous con- 
ditions led to a low yield of the corresponding N-oxides. The optimum conditions for the N-oxidation of the 
2-aryl-3-hydroxypyridines were found to be the use of more concentrated H202 solution. Here the yield of 
the N-oxides was 70-85~c. 

The aminomethylation of 2-phenyl-3-hydroxypyridine proceeds under the conditions for the amino- 
methylaticn of 2-methyl-3-hydroxypyridine and initially gives the Mannich 6-mono-base, and then the 4, 6- 
bis-base. A study of the aminomethylation of (I) disclosed that in this case the N-oxide group does not af- 
fect either the reactivity of the ~-pyridinol ring or the orientation of the substitution. The existence of 
6-substitu~;ion during the aminomethylation of (1) follows from an examination of the IR spectrum of the ob- 
tained con'pound in chloroform, which contains the band of a free hydroxyl group in the 3550 cm -I region. 
The band of a free OH group is absent in the IR spectrum of the Mannich bis-base (which is soluble in CCI 4, 
in contrast; to the mono-base), which testifies to the substitution of the second aminomethyl group in the 4 
position. 

In contrast to 2-phenyl-3-hydroxypridine, the iodination of which proceeds only in the 6 position, the 
oxidized base forms the 4, 6-diiodo compound, i.e., in this reaction the N-oxide group increases the re- 
activity of the fl-pyridinol ring, especially the 4 position, as a result of which the substitution proceeds 
simultaneously in the 4 and 6 positions. The structure of (XI) was confirmed by the NMR spectrum, which 
was taken in 1 N NaOD solution. The existence of disubstitution greatly simplifies the spectrum of the pro- 
tons of the pyridine ring and, instead of the three quadruplets in the spectrum of the starting product, only 
one signal is present in the 4.25 ppm region, the intensity of which corresponds to one C3H proton, in which 
connection the intensity of the signaI from the protons of the aryl ring (3.65 ppm) corresponds, the same as 
in the starting product, to 5 protons. 

The ~ulfonation and nitration of (1) was of interest in the planned study of the effect of the N-oxide 
group on the orientation of substitution in the phenyl ring. Earlier this effect had been established while 
studying the nitration of 2-pheny[pyridine and its N-oxide [61. As our study disclosed, the sulfonation and 
nitration o~ (I), analogous to the unoxidized base, proceeds under the same conditions and is directed to the 
p-position of the phenyl ring. The structure of the nitro and sulfo compounds was confirmed by the counter 
synthesis of (XII) and (XIII), both by the sulfonation and nitration of (I) and by the N-oxidation of the 2-(4 '- 
sulfopheny[)-and 2-(4'-nitrophenyl)-3-hydroxypyridines (Scheme I). 
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TABLE 1. 

Corn- % 
pound Yield, 

D e r i v a t i v e s  of 2 - P h e n y l - 3 - H y d r o x y p y r i d i n e  N - O x i d e  

,(I) 
(II) 
(III) 
(IV) 

CO) 
.(Vl) 
(VII) 
(VIII) 

(iX) 
(X) 
(xi) 

(xn) 

(xiii) 

Mp., ~ 

75 260--261 

70 214--215 

85 205--206 

74 236--237 

72 237--238 

73 233--234 

93 160--161 

89 t70--i7t 

90 i63--i64 

91 t9t--192 

90 i99--200 

83 150(decompn, 

88 237--238 

Found, % 

E H 

70,38 4,82 
70,45 4,79 
72,00 5,58 
72,10 5,58 
72,33 5,91 
72,40 6,00 
73,32 6,32 
73,30 6,53 
66,23 5,00 
66,10 4,95 
59,49 3,59 
59,40 3,47 
52,95 5,70 
53,00 5,75 
53,68 5,37 
53,50 5,40 
57,00] 6,00 
56,95 I 6,i0 
56,00! 6,90 
56,10! 6,91 
30,901 1,94 
3i,00! i,75 
49,10 I 3,50 
49,20 3,68 
56,22 3,66 
56,70 3,40 

Empirical 
formula 

CnHgO~N 

C12HllO~N 

ClaHlaO~N 

ClaH150~N 

CI~HnO3N 

CnHsO2NC1 

ClaHlsO~N~CI~ 

C16H~oOaN~CI~ 

CI, H2~O2N~CI~ 

C~sHatO~NaCla 

'CllHTO~J~N z 

CnHgOsNS 

CnHsOaN~ 

Calculated, % 

c H 

70,58 4,81 

71,84 5,40 

72,53 6,04 

73,36 6,55 

66,35 5,06 

59,58 3,61 

53,00 5,68 

53,50 5,58 

57,20 6,t6 

56,20 6,93 

31,10 i,65 

49,40 3,37 

56,9 3,45 

CH2R I OH 
I o H  t \ /  

- -k  ) - 0  -= 
R1H2C l (II)--(VI) 

0 
0.3HCI (X) 
I 

OH / \/ j \ / O H  

"k ) k )--O--"-- 
R1}I2C / N N 

I i (XII), (XIII) 
0.2HCI 0 

(VII), (VIII), (IX) 

OH / \ /  V-o-  
//\/oH 

I ~ 
N 
I (t1 
o 

i 

1 1 \ / O H  

I N 
~ (XI) 
0 

(II) R = CHa; (III) R =C~Hs; (IV) R = CH(CHa)z (V) R = OCH~; 

(u n,= C1; (VII) B 1 = N(CH3)2; (VIII) R~ = N,//-~.O" \..__/ ' 

R ~ N  O ;  (XlI) R----SOs}I; (XIII) R=NO2 (iX); (X). 

S c h e m e  1 

The  s t r u c t u r e  of (XII) was c o n f i r m e d  by  the NMR s p e c t r u m ,  w h i c h w a s  t aken  in (CH3)2SO. The  p r o -  
tons of the  p y r i d i n e  r i n g  f o r m  two g roups  of m u l t i p l e t s ,  the  i n t e n s i t y  of which c o r r e s p o n d s  t o o n e  C6H and 
two C3H p r o t o n s .  A s  a r e s u l t ,  s u b s t i t u t i o n  in the p y r i d i n e  r i n g  i s  ex luded .  F o r  th is  r e a s o n  the c h a r a c t e r  
of the  s p e c t r u m  of the p ro tons  of the  phenyl  r i n g  changes  s h a r p l y ,  which une qu ivoc a l l y  t e s t i f i e s  that  the  
r e a c t i o n  i s  d i r e c t e d  to th is  r i n g :  two g roups  of s i g n a l s  a r i s e  in p l a c e  of the s i gna l  f r o m  the  5 p ro tons  of 
the  a r y l  r i n g ,  in which connec t ion  the i n t e n s i t y  of each of t h e m  c o r r e s p o n d s  to only two p r o t o n s .  The  s y m -  
m e t r i c a l  a p p e a r a n c e  of th is  s igna l  t e s t i f i e s  that  only the  p - p o s i t i o n  of the  phenyl  r i n g  is  s u b s t i t u t e d .  

A s  a r e s u l t ,  the N - o x i d e  g roup  f a i l s  to a f fec t  the o r i e n t a t i o n  of e l e c t r o p h i l i c  r e a c t i o n s  that  a r e  d i r e c -  
t ed  to  the  pheny l  r i n g  of 2 - p h e n y l - 3 - h y d r o x y p y r i d i n e .  

EXPERIMENTAL METHOD 

The NMR spectra were obtained for 5-8 mole % solutions in either NaOD or DMSO on an NA-100 
spectrometer (I00 MHz); the accuracy of measuring the chemical shifts (6) was -~ 0.02 ppm; dioxane was 
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used as th~ internal standard. The IR spectra were taken on a UR-20 spectrometer in either CHC[ 3 or CCI 4 
solution (concentration = 2 • 10-4-3 • i0 -s M/liter). The yields and constants of the synthesized compounds 
are given [n Table I. 

Syntaesis of 2-AryI~3-hydroxypyridine N-Oxides (I)-(VI). With stirring, to 0.i M of the 2-aryl-3- 
hydroxypy:~idine in i00 ml of glacial CH3COOH was added 40 ml of 40-50~c H202 solution. The reaction mass 
was kept at 90-95~ for 3-4 h, cooled to N 20 ~ the solvent was removed and acetone was added to the resi- 
due. The obtained precipitate was separated; dried, and recrystallized from alcohol. 

Ami~aomethylatior~ of 2-Phenyl-3-hydroxypyridine N-Oxide (I). With stirring, to a solution of 0.005 M 
of (1) in 5 ml of alcohol were added 0.0.05 M of the secondary amine and 0.005 M of 30~ aqueous formalde- 
hyde solut:_on. The mixture was heated on the water bath for 3-4 h, the solvent was removed, and the re- 
sidual viscous oil was dissolved in anhydrous alcohol and saturated with HCI. Here we obtained the dihydro- 
chlorides )f the 6-dialkylaminomethyl-2-phenyl-3-hydroxypyridine N-oxide (VII)-(X). 

By a similar procedure, but using 2 equivalents of the secondary amine and formaldehyde, the Mannich 
bis-bases were obtained as the trihydrochlorides (see Table I). 

The band of the stretching vibrations of the OH groups is absent in the IR spectrum of a dilute solution 
of 2-pheny[-4, 6-bispiperidinomethyl-3-hydroxypyridine N-oxide in CCI 4, and the band of the bound OH 
groups is observed in the 2600-3100 cm -I region. Since the band of the bound OH groups does not change 
on subsequent dilution, and the band of the free OH groups is not observed, the band at 2600-3100 cm -i 
must be a~csigned to the bound OH group. 

Iodi~ation of2-Pheny[-3-hydroxypyridineN-Oxide (I). To 0.01 M of (1) in 50 ml of i0~ Na2CO 3 solu- 
tion was ~l-ded a mixture of 9 g of 12 and 9 g of KI in 50 ml of water, and the mixture was stirred at N I00 ~ 
for 1-2 h. The reaction mixture was neutralized with CO2, and the obtained precipitate was separated, 
washed wi~h water, dried, and recrystallized from alcohol. Compound (XI) was obtained. 

Sulfcnation of 2-PhenyI~-3-hydroxypyridine N-Oxide (I). A solution of 0.016 M of (I) and 5 ml of 20% 
oleum was heated at 110-120 for 4 h. Then the mixture was cooled, poured over ice, and carefully neutra- 
lized with Ba(OH)2. The obtained precipitate was separated, the mother liquor was evaporated to dryness, 
and the residue was recrystallized from alcohol. Compound (XII) was obtained. 

_Nitr~tion of~-phenyl-3-hydroxypyridine N-Oxide (1). With stirring, to a solution of 0.01 M of (I) in 
5 ml of conc. H~SO 4 at 0 ~ - M - - 0 T ~ i ~ . 5 )  in I ml of H2SO 4. The reaction mixture was 
stirred at -i00~ for 2 h, cooled, poured over ice, and carefully neutralized with ammonia. The obtained 
precipitate was separated, dried, and recrystallized from alcohol. Compound (XIII) was obtained. 

N-Oxidation of P.-(4'-Nitrophenyl)-3-hydroxypyridine. With stirring, to 0.09 M of 2l(4'-nitrophenyl) - 
3-hydroxypyridine in 20 ml of glacial CH3COOH was added 50 ml of 40-50~ H202 solution. The reaction 
mass was kept at 90-95 ~ for 6 h, cooled to ~20 ~ and the solvent was removed. Compound (XIII) was ob- 
tained in 97~c yield, mp 237-238 ~ (from alcohol). 

N-Oxidation of 2-(4'-Sulfophenyi).-3-hydroxypyridine. A solution of 3 g of 2- (4'-sulfophenyl)-3-~hyd - 
roxypyridine 36 ml of glacial CH3COOH and 15 ml of 40-50~ H202 solution were heated at I00-Ii0 ~ for 24 
h. We obtained 2.1 g (74.5~) of (XII), mp above 350 ~ (decompn.). 

The authors wish to thank N. M. Emanuel for his constant interest in the work. 

CONCLUSIONS 

1. Some 2-aryl-3-hydroxypyridine N-oxides were synthesized. 

2. A study was made of the effect of the N,oxide group on the orientation in electrophilic reactions 
that proceed both in the •-pyridinol ring and in the phenyl ring of the molecule. The N-oxide group affects 
the reactivity of the ~-pyridinol ring and the orientation of the substitution only in the iedination reaction. 

LITERATURE CITED 

i. L.D. Smirnov, V. I. Kuz'min, L. N. Mikhailova, V. P. Lezina, and K. M. Dyumaev, Izv. Akad. 
Nauk SSSR, Ser. Khim., 1970, 1845. 

2. L.D. Smirnov, V. I. Kuz'min, V. P. Lezina, and K. M. Dyumaev, Izv. Akad, Nauk SSSR, Ser, 
Khim., 1970, 2400. 

3. V.I. Kiln, L. D. Smirnov, and I(. M. Dyumaev, Izv. Akad. Nauk SSSR, Ser. Khim., 1971, 632. 
4. L.D. Smirnov, V. I. Kuz'min, L. N. Mikhailova, V. P. Lezina, and K. M. Dyumaev, Izv.~ad. 

Nauk SSSR, Ser. Khim., 1971, 1758. 
5. L.D. Smirnov, V. I. Kuzm-' in, V. P. Lezina, and K. M. Dyumaev, Izv. Akad. Nauk SSSR, Set. 

Khim., 1970, 2385. 
6. A.R. Ka-Tr-~zky and M. Kingaland, J. Chem. Soc., B, 1968, 862. 

835 


