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A study of e lec t rophi l ic  subst i tut ion in the 6 -hydroxy(methoxy) -2 -pheny l -3 -hydroxypyr id ines  d i s -  
closed that the inse r t ion  of hydroxy and methoxy groups in the 6-posi t ion changes the course  of the r e a c -  
tion. Thu&~ the azo-coupl ing  of the indicated compounds takes place in the 5-posi t ion [1], which is un-  
r eac t ive  in the case  of 2 -phenyl -3-hydroxypyr id ine .  Consequently, the pr incipal  or ient ing agents  in these 
compounds a r e  the hydroxy and methoxy groups that a r e  found in the 6-posi t ion of the f3-pyridinol ring. At 
the s a m e  t ime,  the n i t ra t ion and sulfonation of the 6 -hydroxy(methoxy) -2 -pheny l -3 -hydroxypyr id ines ,  s i m i -  
l a r  to 2 -phenyl -3-hydroxypyr id ine ,  is d i rec ted  to the p-posi t ion of the phenyl r ing and proceeds  under  
the s a m e  conditions [2]. 

It war3 in te res t ing  to a s c e r t a i n  the ru les  for  the e lec t rophi l ic  subst i tut ion of the 6 -hydroxy-  (I) and 
6 -methoxy- .2 -benzy l -3 -hydroxypyr id ines  (II). For  this purpose  we studied the aminomethyla t ion,  azo-  
coupling, iodination and sulfonation of (I) and (II), and a l so  of 6 -me thoxy-2 -benzy t -3 -hydroxypyr id ine  N- 
oxide (III). It  proved that the sulfonation of (I), (II), and {III) p roceeds  under  the s a m e  conditions as in the 
case  of 2 -benzy l -3 -hydroxypyr id ine ,  and is d i rec ted  to the p-posi t ion of the phenyl ring. The s t ruc tu re  
of the obtained compounds was es tabl i shed by the NMR spec t ra .  Start ing with the ra t ios  of the in tegral  
a r e a s  of the individual s ignals  in the s pec t r a  of the sulfonic acid, the two doublets at  7.00 and 6.38 ppm 
mus t  be ass igned to the C4H and CsH protons  of the pyridine ring. Consequently,  subst i tut ion in the p y r i -  
dinol r ing f~tils to occur.  The fo rmat ion  of two groups  of s y m m e t r i c a l  s ignals  at  7.30 and 7.68 ppm, the 
in tens i ty  of which co r r e sponds  to four protons,  in place of one mul t ip le t  f r o m  the five protons of the s t a r t -  
ing product,  t es t i f ies  to the fact  that the sulfonation is d i rec ted  to the benzene ring. The s y m m e t r i c a l  
c h a r a c t e r  of the s p e c t r u m  c o r r o b o r a t e s  the d i rec t ion  of the subst i tut ion in the p-posi t ion.  The singlet  f r o m  
the protons of the methoxy group l ies  at 3.58 ppm. An analogous pic ture  is a l so  obse rved  in the case  of 
sulfonic acids (II) and (HI). As a resu l t ,  the inse r t ion  of hydroxy and methoxy groups in the 6-posi t ion of 
the f l-pyridinol r ing fai ls  to af fec t  the or ienta t ion  of the sulfonation. 

In con t ras t  to 6 -methoxy-2-phenyl -3-hydroxypyr id ine~  6 -me thoxy-2 -benzy l -3 -hydroxypyr id ine  fai ls  
to undergo substitution in azo-coupl ing,  aminomethy la t ion  and iodination reac t ions ,  which indicates  a r e -  
duction in the r eac t iv i ty  of the f l -pyridinol  r ing when the phenyl group is rep laced  by benzyl. However ,  
6 -me thoxy-2 -benzy l -3 -hyd roxypyr id ine  N-oxide en te r s  into these  reac t ions ,  giving the 5~substituted d e r i -  
va t ives ,  the s t ruc tu re  of which was es tabl i shed by the IR spec t ra :  an intense absorp t ion  band in the 3600- 
3500 cm -i region,  caused by the s t re tch ing  v ibra t ions  of the f r ee  OH group, tes t i f ies  to the absence  of a 
subst i tuent  in the 4-posi t ion,  and consequently,  that the subst i tut ion is d i rec ted  to the 5-posi t ion of the/3-  
pyridinol  ring. In the opposite case ,  the fo rma t ion  of an i n t r amolecu la r  hydrogen bond between the OH 
group and tae subst i tuent  would shift  this band by 500-800 cm -1. As a resu l t ,  in the case  of (III), despi te  
the p resence  of two functional groups (OH and N-oxide),  which d i rec t  subst i tut ion to the 4-pos i t ion ,  the 
pr incipal  or ient ing agent  is the methoxy group in the 6-posi t ion.  

In con t ras t  to (II), 3 ,6 -d ihydroxy-2-benzy lpyr id ine  eas i ly  undergoes  a r o m a t i c  substi tution, which in 
this c a s e  p roceeds  both in the 5-  and the 4-pos i t ion ,  which tes t i f ies  to thei r  equal reac t iv i ty .  The 4 -  
benzeneazo-  and 5 -benzeneazo-3 ,6 -d ihydroxy-2 -benzy lpy r id ines  were  isolated when the azo-coupl ing  of 
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(I) with phenyld iazonium ch lo r ide  was  run  under  weakly  a lkal ine  condit ions.  The i r  s t r u c t u r e  was  conf i rmed  
by the IR spec t r a .  An in tense  abso rp t i on  band a t  3620 c m  -1 is obse rved  in the IR s p e c t r u m  of 5 - b e n z e n e a z o -  
I in CHC13, which is caused  by the s t r e t ch ing  v ib ra t ions  of the f r ee  f i -hydroxyl  group.  This band is shif ted 
to 2960 c m  -1 in the IR s p e c t r u m  of 4 - b e n z e n e a z o - I  in CHC13, which tes t i f i es  to the p r e s e n c e  of an  i n t r a -  

m o l e c u l a r  hyd rogen  bond of the O H . . .  N/- type. The a b s o r p t i o n  bands of v C =O at  1650 c m  -1 a r e  obse rved  

in both s p e c t r a ,  s ince  the indicated d ihydroxypyr id ine  exis t s  in neu t ra l  so lut ion in the pyr idone  fo rm.  

The iodinat ion of (I) gave negat ive  r e s u l t s  in view of the e x t r e m e  ins tab i l i ty  of the iodo-subs t i tu ted  

product .  

EXPERIMENTAL 

The NMR s p e c t r a  w e r e  t a k e n o n a n  NA-100 s p e c t r o m e t e r  in 1 N NaOD solut ion,  us ing  HMDS as the 
in te rna l  s tandard ,  while the IR s p e c t r a  w e r e  taken on a UR-20 s p e c t r o m e t e r  in e i ther  CC14 or  CHCI~ so lu -  

tion. 

6 - M e t h o x y - 2 - b e n z y l - 3 - h y d r o x y p y r i d i n e  N-Oxide.  (HI). The compound was  obtained by the oxidat ion of 
(II) as  de sc r ibed  in [3]. Yield 75%, mp 203-205 ~ (alcohol). Found: C 67.42; H 5.57; N 6.10%. C13H13NO3. 
Calcula ted:  C 67.53; H 5.63; N 6.06%. 

6 - M e t h o x y - 2 - ( 4 ' - s u l f o b e n z y l ) - 3 - h y d r o x y p y r i d i n e  (V). A solut ion of 1 g of (II) in 4 ml of 20% oleum 
was  s t i r r e d  at  40 ~ fo r  1 h, poured over  ice,  and sa l ted  out with NaC1. The obtained p rec ip i t a t e  was  s e p a -  
r a ted ,  and then r e c r y s t a l l i z e d  f r o m  wate r .  We obtained 1.27 g (92%) of (V), mp 263-264 ~ Found: C 52.91; 
H 4.39; S 10.72%. CI3H13NOsS. Calcula ted:  C 52.88; H 4.41;  S 10.85%. 

6 - M e t h o x y - 2 - ( 4 ' - s u l f o b e n z y l ) = 3 - h y d r o x y p y r i d i n e  1-Oxide  (VI). Obtained in a s i m i l a r  manne r  as  the 
above,  in 95% yield,  m p >  300 ~ (decomp.).  Found: C 50.21; H 4.16; N 4 . 5 6 ;  S 10.31%. C13HI3NO6S. Cal -  
culated:  C 50.16; H 4.18; N 4.51; S 10.28%. 

3 , 6 - D i h y d r o x y - 2 - { 4 ' - s u l f o b e n z y l ) p y r i d i n e  (IV). Obtained in a s i m i l a r  m a n n e r  in 97% yield,  mp > 300 ~ 
(decomp.).  Found: C 51.29; H 3.89; N 4.96; S 11.42%. C12HI1NO5 S. Calcula ted:  C 51.25; H 3.92; N 4.98; S 

11.39%. 

4 - B e n z e n e a z o -  (VII) and 5 - B e n z e n e a z o - 3 , 6 - d i h y d r o x y - 2 - b e n z y l p y r i d i n e  (VIII). To a solut ion of 
0.0025 mole  of (I) in 50 ml  of 1 N NaOH solut ion was  added in d rops ,  at  5-10 ~ a so lu t ion  of 0.0027 mole  of 
phenyld iazonium ch lor ide  in KOH solut ion,  main ta in ing  the pH of the med ium in the r ange  8-9.  The r e a c -  
t ion  m a s s  was  s t i r r e d  fo r  l h, and the obtained p rec ip i t a t e  was  s epa ra t ed ,  d r ied ,  and r e c r y s t a l l i z e d  f r o m  
alcohol .  We obtained 0.2 g (26.4%) of (VII), mp 233-235 ~ Found: C 70.76; H 4.94; N 13.75%. C18H15N302 �9 
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Calculated', C 70.82; H 4.92; N 13.77%. The mother  liquor f rom the separat ion of (VII) was neutralized with 
dilute H2S(} 4 solution, and the precipitate obtained was separated,  dried, and recrys ta l l ized  f rom alcohol. 
We obtained 0.15 g (20%) of (VIII), mp 123-125 ~ Found: C 70.79; II 4~ N 13.78%. 

6-Mc~thoxy-5-benzeneazo-2-benzyl-3-hydroxypyridine 1-Oxide (IX). Obtained in a s imi lar  manner  
in 76.5%yield, mp242-243 ~ Found: C 68.11; H 5:01; N 12.50%. ClgHlTN303. Calculated: C 68.06; H 5.07; 
N 12.54%. 

6-Methoxy-5- iodo-2-benzyl -3-hydroxypyr id ine  1-Oxide (X). To a solution of 0.4 g of (III) in 9 ml of 
10% Na2CO 3 solution, with heating on the s team bath, was added in drops a solution of 0.46 g of 12 and 0.5 g 
of KI in 10 m[ of water ,  af ter  which the mixture was s t i r red  at the same tempera ture  for 1 h, cooled, and 
neutralized with dilute H2SO 4 solution until weakly acid. The precipitate obtained was separated,  dried, 
and recrys~all ized f rom alcohol. We obtained 0.31 g (50~c) of (X), mp 99-101 ~ Found: C 43.66; H 3.38; N 
3.89; I 35.63%. C13H12NO3I. Calculated: C 43.70; H 3.36; N 3.92; I 33.50%. 

6-Methoxy-5-p iper id inomethyl -2-benzyl -3-hydroxypyr id ine  1-Oxide (XI). A solution of 0.005 mole 
of (III) in 5 ml of water and an equimolar amount of piperidine in 30% aqueous formal in  solution was heated 
at 100 ~ for 3--4 h. The precipitate obtained on cooling the mixture was separated,  rubbed with acetone, and 
fi l tered.  We obtained (XI) in 70% yield; mp 234-236 ~ Found: C 69.54; H 7.29; N 8.53%. CIgH24N203. Cal- 
culated: C 39.51; H 7.39; N 8.54%. 

C O N C L U S I O N S  

A study was made of the effect of the benzyl group on the react ivi ty  and the orientation of a romat ic  
substitution in the 6-hydroxy(methoxy)-2-benzyl -3-hydroxypyr id ines  and their N-oxides. 
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