
SYNTHESIS OF 5-BENZYL-3-HYDROXYPYRIDINE 

AND ITS N-OXIDE 

V. S. Zhuravlev, L. D. Smirnov, 
V. P. Lezina, and K. M. Dyumaev 

UDC 542.91:547.823 

In continuation of studying the ru l e s  f o r  the or ienta t ion of e lect rophi l ic  substi tution in the s e r i e s  of 
benzyl -subs t i tu ted  3-hydroxypyr id ines ,  and also for  the purpose  of ascer ta in ing  the mutual effect  of the 
fl -pyr idol  and benzene r ings,  separa ted  by a CH 2 group,  we undertook the synthesis  of the previous ly  un- 
!~mo~n 5-benzyl -3-hydroxypyr id ine  (I) and i ts  N-oxide.  

We used 5-bromorAcotinoyl chlor ide  (II) as the in te rmedia te  product ,  which was used to acylate  
benzene and give 5 -bromo-3-benzoy lpyr id ine  (IH). The brominat ion of nicot inic  acid had been done p r e -  
viously [1] and gave 5-bromonicot inic  acid in good yield.  F r i ede I - -Cra f t s  acylat ion had been studied only 
on the example of nicotinoyl chlor ide .  Our exper imenta l  s tudies d isc losed  that (iI) eas i ly  acyla ted ben-  
zene in the p resence  of anhydrous A1C13 to give (iII). We proposed  to accomplish  the fu r the r  convers ion  
of (III) to ~:) by f i r s t  replac ing  the Br  atom by methoxy (V), and then by the hydroxy group to give 3-hy-  
d roxy-5-benzoylpyr id ine  (IV), and then conver t  (IV) to (I) by the Kiztmer react ion.  
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However ,  con t r a ry  to the ru les  of nucleophil ic exchange of halogen atoms fo r  the hydroxy(methoxy) 
group,  the  inser t ion  of the e l e c t r o n - a e c e p t o r  keto group in the fi -pyr idol  r ing exe r t ed  a negative effect  
on the ease  of cleaving Br  atom. In cont ras t  to 3-bromopyr id ine ,  fo r  which the sa t i s fac tory  format ion  of 
the 3-hydrbxy(methoxy)pyr idines  was desc r ibed  when it is heated with e i the r  alkali o r  CHaONa solution, 
(III) did no~; give the 3-hydroxy(methoxy) der iva t ives  (IV) and (V). Attempts to synthesize 3 -amino-5-  
benzoylpyzidine (VI) by reac t ing  (III) with NH a in the p re sence  of Cu a+, in o r d e r  to subsequently diazot ize 
(VI) to (IV), also proved unsuccessful .  

The ~bove-indicated negat ive resu l t s  caused us to turn  to another  scheme for  the synthesis  of (I) 
via the rep lacement  of the benzoyl group by benzyl and the subsequent convers ion of 3 -b romo-5 -benzoy l -  
pyridine te  (I). 

However ,  (III) was conver ted  d i rec t ly  to (I) in high yield under  the conditions of the Kizhner  r e a c -  
t ion, desc r ibed  for  pyridine ketches  [2]. The s t ruc tu re  of (I) was conf i rmed by the IR and NMR spect ra l  
data.  The~4R spec t rum of (I) in dilute CHC13 solution has  the band of the OH group in the 3585-3600 cm - i  
region.  Silace the p re sence  of a benzyl o r  phenyl group ~ to the OH group causes  the UOH band to shift 
by 50-80 cm -i  [3], the 3585-3600 em -1 band can be ass igned to the f r ee  OH group. Consequently,  the 
benzyl group is  not ~ to the OH group. 
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Based  on the c h a r a c t e r  of the mul t ip le t  na ture  of the s ignals  in the NMR spec t rum of (I), and a 
c o m p a r i s o n  with the sp in- -sp in  coupling constants  of the protons  in 2 - m e t h y l -  and 6 - m e t h y l - 3 - h y d r o x y -  
pyr id ine ,  i t  was  es tab l i shed  that  the subst i tut ion is  d i rec ted  to the 5 posi t ion.  A doublet  with J = 2.5 Hz 
l i e s  downfield at 7.75 ppm, and a doublet  with J = 1.8 HZ l i e s  at 7.52 ppm. A quadruplet  with J = 2.5-]..8 
Hz i s  loca ted  fu r t he r  upfield at 6.89 ppm.  These  values  of the sp in- - sp in  coupling cons tan ts  can  be ob-  
ta ined  only under  the condition that  substi tut ion was  in the 5 posi t ion.  If  i t  i s  taken into account  that  in 
3 -hyd roxypyr id ine  de r iva t ives  J24 > J~6 [4], then the two doublets  should be ass igned  to the C2H and C6H 
pro tons ,  and the quadruplet  to the C4H proton.  In the opposi te  case  the c h a r a c t e r  of the mul t ip le t ic i ty  
f r o m  the protons  of the pyridine r ing would be different .  Thus,  in the case  of the 4-subs t i tu ted  product  
the spec t rum would have doublets f r o m  C6H (J56 ~ 4.5 Hz) and C2H (J52 N 1 Hz), and a quadruplet  f r o m  CsH. 
The five protons  of the phenyl r ing  give a signal at 7.38 ppm. The signal f r o m  the protons  of the CH 2 
group l i e s  at 3.75 ppm. The protons  of the hydroxyl  group and the solvent  give one ave raged  signal in the 
4.90 ppm region.  The ra t io  of the in tens i t ies  of all  of the s ignals  in the spec t rum conf i rms  the made  a s -  
s igmnent .  

E X P E R I M E N T A L  M E T H O D  

The IR s p e c t r a  we re  r e c o r d e d  on a Ul~-20 spec t ropho tomete r  in CHC13 solution. The NMR s p e c t r a  
we re  taken on a HA-100 s p e c t r o m e t e r .  The chemica l  shif ts  were  m e a s u r e d  re la t ive  to dioxane and r e c a l -  
culated to HMDS. As the solvent we used  1 N NaOD solution (concentrat ion of (I) = 8 mole  %). 

3 -Bromo-5 -benzoy lpy r id ine  (III). With s t i r r i ng  and cooling, 500 g (3.75 moles)  of A1C13 was  added 
in 40 rain to a solution of 5-bromonicot inoyl  chlor ide hydrobromide  (obtained by the brominat ion  of 1 mole  
of nicotinoyl chloride) in 700 ml  of benzene,  coOled to 0~ The mix tu re  was  s t i r r e d  for  1 h at 20 ~ and 
then the t e m p e r a t u r e  was  r a i s e d  slowly, and the mix tu re  was ref luxed fo r  5-6 h until the HC1 evolution 
ceased .  Af ter  cooling, the mix tu re  was  poured into an i c e - w a t e r  mix tu re  that  had been acidif ied with HC1, 
the organic  l a y e r  was  separa ted ,  the solvent  was  r emoved ,  and the product  was  vacuum-dis t i l l ed .  We ob-  
ta ined (V) in 86% yield,  bp 194-195 ~ (4 ram),  rap 73-74 ~ (from alcohol).  Found: C 55.02; H 3.07; Br  30.76%. 
Ci2HsNOBr. Calculated:  C 55.00; H 3.07; Br  30.50%. 

3 -Hydroxy-5-benzoy ipyr id ine  (IV). A mix tu re  of 0.05 mole  of (III) and 0.5 mo le  of KOH was  hea ted  
at 120-150 ~ fo r  2 h. The cooled mix tu re ,  a f t e r  adding 200 ml  of wa te r ,  was  f i l te red ,  the m o t h e r  l iquor  
was  acidif ied with 10% H2SO 4 solution, and the obtained prec ip i ta te  was  sepa ra ted  and dr ied.  Af te r  cont i -  
nuous ex t rac t ion  with e ther  and r em ova l  of the solvent we obtained (IV) in 7.6% yield,  rap 119-120 ~ Found: 
C 72.33; H 4.48; N 7.01%. C12HgNO 2. Calculated: C 72.41; H 4.52; N 7.04%. 

3 -Hydroxy-5-benzy lpyr id ine  (I). With s t i r r ing ,  to a solution of 0.1 mole  of (III) in 100 ml  of die thyl-  
one glycoI was added 0.33 mole  ol hycirazine hydra te ,  and then 0.5 mole  of powdered KOH was sif ted in. 
The mix tu re  was  heated  under  ref lux at 155 ~ fo r  2 h, a f t e r  which the condenser  was r ep laced  by a de s -  
cending condenser  and the t e m p e r a t u r e  was gradual ly  r a i s e d  to 195 ~ held the re  fo r  4 h, and the diethylene 
glycol was dis t i l led off using a high vacuum. The res idue  was  d isso lved  in w a t e r  (150-200 ml) ,  f i l te red ,  
the f i l t ra te  was  acidif ied with 20% H2SO 4 solution to pH 6, and the obtained prec ip i ta te  was  sepa ra t ed  and 
d r ied  by continuous ex t rac t ion  in a Soxhlet appara tus .  We obtained (I) in 65% yield,  mp 136 ~ Found: 
C 77.85; H 5.93; N 7.55%. Ci2HilNO. Calculated;  C 77.83; H 5.94; N 7.57%. 

5 -Benzy l -3 -hydroxypyr id ine  N-Oxide (VII). To a solution of 10 g of 5 -benzy l -3 -hydroxypyr id ine  in 
50 ml  of glacial  AcOH was added 20 ml  of 30% H202 solution, and the mix tu re  was hea ted  on the s t e a m  
bath for  6 h. The solvent  was  r e m o v e d  in vacuo,  the oily res idue  was  t r e a t ed  with alcoholic HCI solution, 
the alcohol was dis t i l led off, 20 ml  of acetone was added, and the solution was  le t  stand fo r  seve ra l  days.  
The c rys t a l l i zed  5 -benzy i -3 -hydroxypyr id ine  N-oxide hydrochlor ide  was  f i l te red,  washed  with acetone,  
dr ied ,  and r e c r y s t a l l i z e d  f r o m  alcohol.  We obtained (VII) in 41% yield,  mp 98-100 ~ Found: C 60.7; H 
5.06%. C12HllNO2"HC1. Calculated:  C 59.8; H 4.9%. 

The (VII) hydrochlor ide  was conver ted  to the f ree  base  by t r ea t ing  i ts  aqueous solution with 5% 
NaHCO 3 solution to pH 7, rap 124-125 ~ (alcohol). Found: C 71.80; H 5.55; N 6.93%. C!2HllNO 2. Calculated:  
C 71.61; H 5.47; N 6.97%. 

The authors  thank N. M. l~.manu61' for  h is  constant  i n t e re s t  in the work.  
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C O N C L U S I O N S  

The acylation of benzene with 5-bromonicotinoyl chloride gave 5-bromo-3-benzoylpyridine in high 
yield, the Kizhner reduction of which led to the synthesis of 3-hydroxy-5-benzylpyridine in good yield. 
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