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INVESTIGATION OF THE ELECTROPHILIC 

OF 5-HYDROXYPYRI MIDINE 

S. B. Gashev and L. D. Smirnov 

REACTIONS 

UDC 547. 854' 855 

The possibility of the electrophilic substitution of various positions of the 5-hydroxypyrimidine 
ring in a weakly basic medium is demonstrated in the case of aminomethylation and diazo 

coupling. It was found that the ortho positions of 5-hydroxypyrimid~ne are more reactive than 
the para position with respect to the hydroxy group. 

Electrophilic substitution reactions have not yet been described for 5-hydroxypyrimidine. In addition, it 
has been reported that 5-hydroxypyrimidine cannot undergo electrophilie substitution because of its low stability 
in acidic media. 

We have previously demonstrated the possibility of electrophilic substitution of the 5-hydroxypyrimidine 
ring in the case of the aminomethylation and diazo coupling of 4, 6-dimethyl-5-hydroxypyrimidine, which were 
carried out in alkaline media [I]. 

In this connection, it seemed of interest to extend the indicated reactions to unsubstituted 5-hydroxy- 
pyrimidine and in this way to ascertain the relative reactivities of the various positions of the hydroxypyrimidine 
ring. 

It is known that the aminomethylation of phenol takes place initially in the ortho positions and subsequently 
in the para position [2]. In addition, an aza analog of phenol - 3-hydroxypyridine - is aminomethylated in only 
one ortho position and subsequently in the para position, and this made it possible to conclude that the ortho 
positions in the hydroxypyridine ring are not equivalent [3]. 

In the case of 5-hydroxypyrimidine, the structure of which, in contrast to 3-hydroxypyridine, is distin- 
wished by its symmetry, one might have expected an orientation in aminomethylation similar to that in phenol. 

We confirmed this assumption during an experimental study of the aminemethylation of 5-hydroxypyrimi- 
dine, which was carried out with N,N,N',N'-tetramethylmethylenediamine as the aminomethylating agent. When 
it was heated with 5-hydroxypyrimidine, the starting compound gradually passed into solution, which, depending 
on the treatment time, contained a mixture of mono- and bis (dimethylaminomethyl) derivatives in various ratios. 
The individual Mannich bases were isolated by chromatography. Since they were uncrystallizable liquids, they 
were identified and analyzed in the form of the hydroehlorides, which proved to be rather hygroscopic. 

Morpholinomethyl derivatives of 5-hydroxypyrimidine were obtained by the method in [4] by reflmxing with 
the calculated amounts of morpholine and paraformaldehyde in chlorobenzene in the presence of triethylamine. 

The PMR spectrum of the starting 5-hydroxypyrimidine consists of two singlets belonging to the protons 
in the 2 and 4(6) positions of the pyrimidine ring with an integral intensity ratio of 1 : 2. In the spectrum of 
monoaminomethyl derivative I, however, the intensity of the 4-H signal is half the intensity of the signal ob- 
served for the starting compound, and the appearance of a signal of a CH 2 group and signals of the aliphatic part 
of the amine in the form of a singlet (dimethylamine) or two multiplets (morpholine) ts observed. 
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The PM:R s p e c t r u m  of b is(aminomethyl)  der iva t ive  II re ta ins  one s ignal  at weak field but a l so  contains 
s ignals  of a methylene group and the a l iphat ic  pa r t  of the amine  that  a re  doubled in intensity.  The fact  that  the 
r ema in ing  s ignal  a t  weak field pe r t a ins  to the 2 r a t h e r  than the 4 posi t ion of the pyr imidine  r ing was elucidated 
f r o m  a compara t ive  examinat ion  of the PMR s pec t r a  of s amples  of 5 -hydroxypyr imid ine  and i ts  aminomethyl  
de r iva t ives  p r e p a r e d  at  ident ical  concentra t ions  and the same pD values  (3.67 ~0.03) in D20. It follows f r o m  an 
examinat ion  of the s p e c t r a  that  the chemica l  shift  of the 2-H proton of the s ta r t ing  compound (8.93 ppm) changes 
only sl ightly (9,05 ppm) for  I and even less  for  II as compared  with the shif t  of the proton of I but is  a l so  in the 
weak-f ie ld  region; this makes  it poss ible  to sufficiently val idly a s s ign  the p roposed  s t ruc tu re  to b i s (amino-  
methyl) der iva t ive  II. 

In an e x p e r i m e n t  on the exhaust ive aminomethyla t ion  of 5-hydroxypyr imidine  we isola ted  a compound in 
the f o r m  of a hydrochlor ide ,  the PMR s p e c t r u m  of which contains only s ignals  f r o m m o r p h o l i n o m e t h y l  groups 
wi thno s ignals  at weak field; the compound gives a cha rac t e r i s t i c  ffor 5-pyr imidinols )  d a r k - r e d  colorat ion with 
FeC13. This  makes  it  poss ib le  to a s s u m e  the product ion of 2 ,4 ,6- t r i s  (morphol inomethyl -5-hydroxypyr imidine .  
However ,  we were  unable to fully cha rac t e r i ze  this compound in view of i ts  high hygroscopic i ty .  

We a lso  demons t r a t ed  the poss ib i l i ty  of e lec t rophi l ic  substi tut ion of the hydroxypyr imidine  r ing in another  
case,  viz. ,  diazo coupling of 5-hydroxypyr imidine .  

In con t ras t  to aminomethyla t ion,  the diazo coupling of phenol, as  well  as 3-hydroxypyridine ,  is d i rec ted  
primari ly-  to the p a r a  pos i t ion  re la t ive  to the OH group [5]. 

The diazo coupling of 5 -hydroxypyr imid ine  with p -n i t robenzenediazonium chloride in a weakly alkaline 
medium led to the product ion of 4 - (p -n i t ropheny lazo) -5 -hydroxypyr imid ine  ffII), which, as in the case  of amino-  
methylation,  conf i rms  the h igher  reac t iv i ty  of the ortho posi t ion of the 5-hydroxypyr imidine  ring. Two equal ly  
intense s ignals  of 2-H and 6-H protons at weak field and signals  of  a phenyI r ing a r e  seen  in the PMR s p e c t r u m  
of the azo compound. 

Thus in the case  of aminomethyla t ion  and diazo coupling we have demons t ra ted  the poss ib i l i ty  of e l e c t r o -  
phi l ic  subst i tut ion of va r ious  posi t ions  of the 5-hydroxvpyr imidine  r ing in weakly basic  media and have found 
that  the ortho posi t ions  of 5-hydroxypyr imidine  a re  more  react ive  than the pa ra  position. These  resu l t s  con- 
st i tute evidence that  the or ientat ion of subst i tut ion in aminomethyla t ion  is s i m i l a r  to that  in phenol by v i r tue  of 
the s y m m e t r i c a l  c h a r a c t e r  of the 5-hydroxypyr imidine  s t ruc ture ,  whereas  diazo coupling p roceeds  via a dif-  
fe ren t  pathway than in the case  of phenol and 3-hydroxypyridine .  

E X P E  RI  ME N T A L  

The PMR s p e c t r a  of 8-10% solutions of the compounds in D20 (pD 3.67 • 0.03) and (CD3)2SO were  r eco rded  
with an HA-100 s p e c t r o m e t e r  with hexamethyldis i loxane as  the ex te rna l  s tandard.  Column chromatography  was 
ca r r i ed  out on 40/100 p s i l ica  gel  (Czechoslovakian SSR), while t h in - l aye r  ch romatography  (TLC) was ca r r i ed  
out on Silufol UV-254 pla tes .  

The s a m p l e s  of 5 -hydroxypyr imid ine  were  obtained by the method in [5], were  purif ied by subl imat ion in 
vacuo at  150-155~ and were  ground with a m o r t a r  and pest le .  

4 -Dime thy laminomethy l -5 -hydroxypyr imid ine  (Ia). A suspens ion of 0.1 g (1 mmole)  of 5 -hydro •  
dine in 0.8 ml  of N ,N ,N ' ,N ' - t e t r ame thy lened iamine  [7] was ref luxed with s t i r r i ng  until the solid ma t e r i a l  d i s -  
solved completely ,  a f t e r  which it was s t i r r e d  for  another  30 rain until  the s t a r t ing  compound was a lmos t  com-  
pletely absent  in the reac t ion  mixture  (according to chromatographic  monitoring).  At the end of the reac t ion  the 
volat i le  components  were  evapora ted  in vacuo at 100~ (30 ram), and the residue was dissolved in acetone and 
sepa ra ted  with a column by elution with acetone.  The Rf value was 0.53 [me thano l - ace tone  (3 : 1)]. All of the 
compounds obtained were  developed sa t i s fac to r i ly  by spray ing  with an aqueous alcohol solution of FeC13. The 
f rac t ion  containing Ia was evapora ted  to d rynes s  in vacuo, and the res idue  was t r i t u ra t ed  with 0.5 ml of absolute 
alcohol sa tu ra ted  with hydrogen chloride with ex te rna l  cooling with ice. The prec ip i ta te  was removed  by f i l t r a -  
t ion and washed with 0.2 ml  of cold absolute alcohol. The hydrochlor ide  was subl imed in vacuo at 150-160 g 
(26%) of Ia  with mp 199-201~ (f rom i sopropy l  alcohol). PMR spec t rum:  9.05 (s, 1H, 2-H), 8.76 (s, 1H, 6-H), 
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4.88 (s, 2H, CH2) , 3.31 (s, 6H, CH3-N-CH3). Found: C 36.7; H 6.1%. CTHIIN30' 2HCI. Calculated: C 37.2, 

H 5.8% 

4 .6 -Bis (d ime thy laminomethy l ) -5 -hydroxypyr imid ine  (IIa). This  compound was s i m i l a r l y  obtained f rom 
1.5 ml  of N ,N ,N ' ,N ' - t e t r ame thy lme thy lened iamine ;  however,  heating was continued until a lmos t  half  of the 
monosubst i tu ted Ia  vanished,  which took ~2 .5-3  h. The product  was i so la ted  in the same  way as Ia by elution 
with methanol  (Rf 0.48). The hydrochlor ide  was r ec rys t a l l i z ed  f r o m  i sopropyl  alcohol with charcoa l  and had 
mp 105-107~ the yield was 0.15 g (53%). PMR spec t rum:  9.03 is, 1H, 2-H), 4.83 (s, 4H, CH2) , and 3.37 ppm 
is, 12H, CK3-N-CH3) .  Found: C 42.0, H 7.3%. CIoH18NtO'2HC1. Calculated: C 42.4, H 7.1%. 

4 -Morpho l inomethy l -5 -hydroxypyr imid ine  (Ib). A mixture  of 0.1 g (1 mmole)  of 5-hydroxypyr imidine ,  
0.1 g (1.15 mmole)  of morphol ine,  0.06 g (2 mmole)  of p rev ious ly  dr ied pa ra fo rmaldehyde ,  and 0.01 ml  of t r i -  
e thylamine  was ref luxed with 5 ml  of chlorobenzene for  5-10 rain until the s ta r t ing  compound vanished.  The Rf 
value was 0.42 [ a c e t o n e - m e t h a n o l  (9: 1)]. Isola t ion and pur i f ica t ion of the product  as in the p r epa ra t i on  of IIa 
gave 0.08 g (31%) of a product  with mp 188-190~ PMR spec t rum:  9.18 (s, 1H, 2-H), 8.91 (s, 1H, 6-H), 4.92 
(s, 2H, CH2) , 4.38 (m, 4H, (~-CH2) , and 3.96 p p m  (m, 4H, fi-CH2). Found: C 40.2, H 5.7%. C9HilN302' 2HC1. 
Calculated: C 40.3, H 5.6%. 

4 ,6 -Bi s (morpho l inomethy l ) -5 -hydroxypyr imid ine  ~IIb)_ This compound was obtained in the s ame  way as 
Ib with doubled amounts  of morphol ine and para formaldehyde .  The t r e a t m e n t  t ime  was 1.5-2 h. Pur i f ica t ion 
and i so la t ion  of the product  as in the p r epa ra t i on  of Ib with a c e t o n e - m e t h a n o l  (1 : 1) as the eluent [Rf 0.36 [ace-  
t o n e - m e t h a n o l  (4:1)]  gave 0.28 g (76%) of a p roduc t  with mp 155-157~ I~MR spec t rum:  9.21 (s, 1H, 2-H), 
5.00 (s, 4H, CH2) , 4.40 (m, 8H, o~-CH2) , and 3.95 ppm (m, 8H, fl-CH2). Found: C 45.8; H 6.8%. C14H22NtO3"HCl 
Calculated:  C 45.8, H 7.3%. 

4- (p~Ni t rophenylazo)~5-hydroxypyr imidine  (HI). A f i l te red  solution of p -n i t robenzened iazon ium sal t  p r e -  
p a r e d  f r o m  0.6 g (4.2 mmole)  of p-n i t roani l ine  was added with s t i r r i ng  at 0-2~ to a solution of 0.2 g (2 mmole)  
of 5 -hydroxypyr imid ine  in 10 ml  of 1 N NaOH, a f t e r  which s t i r r ing  was continued for  30 min as the t e m p e r a t u r e  
was r a i sed  to 20 ~ dur ing which the solution turned red-orange .  The reac t ion  mixture  was s t i r r e d  at 20~C for  
2 h, a f t e r  which it was acidif ied to pH 4-5 with 5% HCI and evapora ted  in vacuo at 30 ~ C. The res idue  was d i s -  
solved in ace toni t r i le ,  the solution was f i l tered,  and III was i so la ted  with a column (Rf 0.32). The f rac t ion  con- 
taining III was evapora ted  to 1 ml, and the concentrate  was cooled in ice. The prec ip i ta ted  c rys t a l s  were  r e -  
moved by f i l t ra t ion  and dr ied to give 0.05 g (22%) of a substance  with mp 265-266~ (from acetone).  PMR spec -  
t r um:  8.98 (s, 1H, 2-H); 8.75 (s, 1H, 6-H); 8.68, 8.58 (d); 8.52, 8.42 ppm (d, 4H, Ar). Found: C 49.2; H 3.0%. 
C10H7N503. Calculated: C 49.0; H 2.9%. 
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