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The diazotization of 2-aminopyrimidines and their N-oxides in solutions with various 
acidities was studied. It is shown that the amino group in pyrimidine N-oxides is 
not diazotized in strongly acidic media and that bromination in the 5 position of 
the pyrimidine ring is observed in concentrated hydrobromic acid. When the reaction 
was carried out in moderately acidic media, it was possible to synthesize the diffi- 
cult-to-obtain 2-halopyrimidine N-oxides. 

We have previously reported the reaction of 2-aminopyrimidines and their N-oxides with 
aldehydes and acylating agents [I]. In a continuation of our study of the properties of 2- 
aminopyrimidines and their N-oxides we investigated the behavior of these compounds under 
diazotization conditions in media with different acidities in order to compare the reactivities 
of the amino groups and to study the possibility of the synthesis of difficult-to-obtain halo- 
pyrimidine N-oxides from aminopyrimidine N-oxides [2, 3]. Reactions involving the diazoti- 
zation and transformation of diazonium salts have limited application in the pyrimidine series 
because of the instability of the diazonium salts [4, 5]. 2-Aminopyrimidines are converted to 
2-halopyrimidines in the case of diazotization in strongly acidic media [6-8], but this 
transformation proceeds more successfully in dilute acids with a high concentration of the 
halide ion, which is achieved by the addition of the corresponding salts [5, 9] or by reverse 
diazotization [5]. The behavior of 2-aminopyrimidine N-oxides in diazotization has not been 
studied, although it is known that the introduction of an N-oxide group into azines leads to 
the production of more stahle diazonium salts [i0, ii] and makes it possible to use this re- 
action for the synthesis of haloazines [12, 13]. 

A comparison of the behavior of aminopyrimidines in diazotization, which was made in the 
case of 2-amino-4-phenylpyrimidine (1) and its 1-oxide (II) in strongly acidic media ([H+] .~ 
5.0 M [14]; concentrated HCI, HBr, H=SO~, and HBF4) and in moderately acidic media (CHsCOOH + 
12% HCI) shows that they differ substantially, chiefly in strongly acid media. Thus I in 
concentrated H2SO~, HCI, or HBF4, as well as in concentrated HCI--CHaCOOH, reacts with nitrous 
acid to give 2-chloro- (III) and 2-hydroxy-4-phenylpyrimidine (IV) or a mixture of these 
products, whereas N-oxide II is inert under these conditions. The decrease in the reactivity 
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of the amino group in the pyr~m~dine N-oxide is evidently associated with the decrease in its 
basicity due to the introduction of an N-oxide group [13]. 
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TABLE i. Reaction Conditions and Spectral Data for the 
Compounds Obtained 
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~ E  o o  

I A 

B 
F 
E 

II A 
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D 
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XI F 

XII F 
XV G 

XVI G 

Reaction 
product 

V 

III i I~ 
III 

II  

X II 

II 

IV e 
KI 

II  

PMR spectrum, b 6, ppm (l, Hz) 

5-H 6-H H a r o m  o t h e r s  

7,70--7,37 m 

7,83--7,28 m 

7,80--7,30m 

8,20--8,05m 
7,73--7,52 m 

7,48 s 

7,77--7,30 m 

8,17--7,87m, 
7,60--7,30m 

6,83 br, . 

NH2 

3,54 br., 
NH2 
3,59 br., . 
NH2 

8,27d ,, 4-H 
(2,5) 

8,20 d, 4-H 
(2,5) 
2,40 s, CH3 

UV spectrum Yield 
kmax, nm (log e) % 

245 (4,35), 328 
(3,73) (in CHaOH) 

247 (4,22), 274 sh 
(3,75), 368 (4,09) 
247 (4,09), 269 sh. 
(4,00), 370 (3,98) 

288 (4,26), 326 
(4,21) 
261 (4,37), 333 
(3,53) 

8,40 s 

8,74 s 

8,64s 

-8,88d 
(7,0) 
8,70 d 

(2,5) 

8,73 ( 
(2,5) 

8,18d 
(.7,0) 

_ f  

240 (4,27), 255 
(4,29), 356 (3,81) 
276 (3,79), 346 
(4,04) 

55 

33 
35+20 

35e 

23 

10 

46+12 

55 

58 
27 

56 

aReaction conditions: A) concentrated H2S04 + HBr, NaNO2; B) 
concentrated HBr, NaNO=; C) concentrated H2SO4 + HCI, NaNO=; 
D) concentrated H2SO, + NaBr, NAN02; E) i) concentrated H~SO~, 
NAN02, 5 M solution of LiCI in 20% HCI; 2) concentrated HCI, 
NaNO2; 3) 40% HBF,, NAN02; F) 5 M ~olution of LiCI in 12% 
HC1, NaNO=; G) 30% H=02 + Na2WO~. bThe solvent for V-VII and 
X-XII was d6-DMSO, while the solvent for XIII and XIV was CDCI3. 
Cldentified by means of thin-layer chromatography, melting 
point, and the IR spectrum and by comparison with a genuine 
sample (III and IV [4] and XIV [3]). dReaction conditions E: 
for I: i) I + IV; 2) III + IV; 3) I + IV; for II: I-3). eThe 
starting compound was isolated in 35% yield, fThe 5-H signal 
coincides with the Harom signal, 

TABLE 2. Characteristics of V-VII and X-XIII 

C o m -  

pound 

V 
VI 

VII 
X 

XI 
XIc 

XII 
XIII 

mp,a ~ 

181--183 
210--212 
174--t76 
126--130 
184--185 
151--153 

231--233 
129--131 

Found % 

C H Hal N 

47,5 3,16 3t,6116,7 
44,6 2,96 30,21 15,6 
54,5 3,60 15,6118,6 
58,2 3,21 17,51 13,2 
64,4 4,88 - -  122,6 
65,6 4,85 - -  113,5 

65,7 5,61 - -  120,6 
58,3 3,30 17,2113,4 

I 
Empirical [ ,Ca lc"  % 

formula I c I H Hal 
/ 

i ! 

CIoHsBrN3 48,0 3,22 31,9 
CIoHsBrN30 145,1 3,03 30,0 
CIoHsCtN30 1 54.3 3,62 15,6 
CtoHTCIN20 158,1 3,41 17,2 
CtoHgNaO 64,2 4,83 - -  
CloHgNaO" 66,0 4,88 - -  
�9 C~HsCOOH 
CuHnNaO [65,6 5,51 
CIoHrCIN20 158,1 3,41 17,2 

N ' ~4b 

16,8 1 249 (79Br) 
15,81 265 (79Br) 
19,01 221 (~Ct) 
13,6 I 
22,4 I 
13,6 t 

20,9 
13,6 

aThe compounds were recrystallized: V, XI, and XII from al- 
cohol, VI and VII from ethyl acetate, and X and VIII 
from petroleum ether, bBy mass spectrometry. CBenzoate. 

A different reaction pathway was observed for I and II in the case of diazotization in 
concentrated HBr. Under these conditions the amino group in I and II remained unchanged, and 
bromination to give bromine-containing aminopyrimidines was observed. On the basis of spectral 
and analytical data (Tables i and 2) these compounds were identified as 5-bromo-2-amino-4- 
phenylpyrimidine (V) and its 1-oxlde (VI). Compound VI was identical to a sample obtained by 
bromination of N-oxide II with N-bromosuccinimide (.bIBS) in analogy with [15]. The yields of 
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V and VI increased substantially in the case of diazotization in concentrated H2SO4 + concen- 
trated HBr. The formation of VI was observed under the conditions of diazotization of II in 
a mixture of concentrated H=SO4 and NaBr (see Table i). Replacement of hydrobromic acid by 
hydrochloric acid makes it possible to obtain 5-chloro-2-amino-4-phenylpyrimidine 1-oxide (VII) 
from N-oxide II. 

Bromination in the 5 position of the pyrimidine ring under the examined conditions is 
evidently an electrophilic substitution reaction associated with the possibility of liberation 
of bromine in the redox reaction of hydrobromic acid and sodium nitrite [5], since I and II 
are not brominated when sodium nitrite is absent. The literature contains information re- 
garding bromination in the 5 position of the pyrimidine ring of 2-aminopyrimidines under con- 
ditions of diazotization of the latter in concentrated HBr + NaNO= when free bromine is also 
added to the reaction medium [7]. Either protonation of the aminopyrimidines of reaction of 
them with the nitrosating particle at the ring nitrogen atom or at the oxygen atom of the N-O 
group, respectively, to give intermediates VIII evidently occurs under the conditions that we 
found (H2SO~ + HBr + NAN02). In these compounds, in addition to a decrease in the basicity 
of the amino group as compared with starting I and II, one may assume, in analogy with [15, 16], 
disruption of the aromatic character of the pyrimidine ring, which leads to the formation of 
intermediates IX. The enamine fragment in the latter is activated with respect to electro- 
phiiic substitution, as shown in the following scheme: 

R~ F R4 R 4 X R 4 
I i I > L  \ /  

j''' 

X R 4 
B r \ > ~  N 

VIII VIII a IX 

z- , .Ot l ,  no or ONO 

The b e h a v i o r  o f  I and  I I  i n  m o d e r a t e l y  a c i d i c  m e d i a  d i f f e r e d  f rom t h e  b e h a v i o r  i n  s t r o n g l y  
a c i d i c  m e d i a .  The d i a z o t i z a t i o n  o f  I and  I I  i n  a m i x t u r e  o f  a c e t i c  a c i d  and  d i l u t e  h y d r o -  
c h l o r i c  a c i d  w i t h  added  l i t h i u m  c h l o r i d e ,  i n  a n a l o g y  w i t h  [ 9 ] ,  l e d  t o  t h e  p r o d u c t i o n  o f  t h e  
e x p e c t e d  2 - c h i o r o p y r i m i d i n e s ,  r e s p e c t i v e l y ,  I I I ,  and  2 - c h l o r o - 4 - p h e n y l p y r i m i d i n e  1 - o x i d e  (X) .  
I n  a d d i t i o n  to  t h e s e  c o m p o u n d s ,  2 - h y d r o x y p y r i m i d i n e  IV was i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x t u r e  
in the case of pyrimidine I, while III was isolated in the case of N-oxide II, Compound III 
is evidently formed as a result of deoxygenation of N-oxide X, We did not detect 2-hydroxy- 
pyrimidine IV and its N-oxide in the reaction mixture in the diazotization of N-oxide II0 This 
is possibly a consequence of the high stability of the resulting diazonium salt in conformity 
with the literature data on the effect of an N-oxide group on the stabilization of diazonium 
salts in other azines [i0]. 

2-Chloro-5-phenyl- (XIII) and 2-chloro-6-methyl-4-phenylpyrimidine 1-oxide (XIV), re- 
spectively, were obtained in good yields in the diazotization of 2-amino-5-phenyl- (XI) and 2- 
amino-6-methyl-4-phenylpyrimidine 1-oxide (XII) in moderately acidic media. 

~6H5 

R ~ . N H  2 NAN02 r ' ~ N  

0 0 
II. xL xt~ x. XHL xlv ill 

II, X R=4-C6Hs; XI, XIII R=5-C6Hs; XII, XIV R=6-CHs, 4-C6H5; conditions F (see �9 
�9 e experiment~ section) 

Thus the diazotization of 2-aminopyrimidine 1-oxides in moderately acidic media was 
found to be a convenient method for the synthesis of 2-chloropyrimidine 1-oxides, which up 
until now have been difficult-to-obtain substances inview of the complications encountered 
in the oxidation of the corresponding chloropyrimidines [2]. 
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EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds (c 0.25%) were recorded with UR-20 and 
Specord spectrometers. The UV spectra of solutions in ethanol were recorded with a Specord 
UV-vis spectrophotometer. The PMR spectra were recorded with a Varian A 56/60 spectrometer 
with hexamethyldisiloxane as the internal standard. The yields, melting points, results of 
elementary analysis, and spectral data for the newly synthesized compounds are presented in 
Tables I and 2. The known III, IV, and XIV were identified by comparison with genuine samples 
with respect to thin-layer chromatography (TLC) and their melting points and IR spectra. 

Diazotization in Strongly Acidic Media. Conditions A. A 6-mmole sample of the sub- 
stituted pyrimidine was dissolved in i0 ml of concentrated H2SO4, and 2 ml of concentrated 
KBr was added carefully with cooling and stirring. A cooled solution of 20 mmole of NAN02 
and another 6 ml of HBr were then added successively and slowly dropwise at 5~ to the re- 
action mixture, and the resulting mixture was stirred at 0~ for i h with subsequent raising 
of the temperature to room temperature. Urea (~0.5 g) was added to the reaction mixture, and 
the resulting mixture was cooled to 0~ Chloroform was added~ and the mixture was neutral- 
ized with 20% potassium carbonate solution. The organic layer was washed with water, dried 
with magnesium sulfate, and evaporated, and the residue was separated with a column filled 
with silica gel by elution with chloroform and chloroform--acetone (9:1, 7:3). The character- 
istics of the 5-hromopyrimidines obtained are given in Tables 1 and 2. 

Conditions B. A saturated solution of 20 m mole of NAN02 was added dropwise at 5~ to a 
solution of 6 mmole of the substituted pyrimidine in 10ml of concentrated HBr. The reaction 
mixture was then worked up as in method A. 

Conditions C. A saturated solution of 20 mmole of NAN02 was added dropwise at 5~ to a 
solution of 5 mmole of II in a mixture of I0 ml of concentrated H2S04 and 2 ml of concentrated 
HCI, after which 6 ml of concentrated HCI was added, and the mixture was stirred at 0~ for 1 
h. The mixture was then worked up and separated as in method A to give VII (Tables 1 and 2), 

Conditions D. A 6-ml sample of 70% CH3C00H saturated with NaBr was added to a solution 
of 5 mmole of II in I0 ml of concentrated H2S04, after which a saturated solution of 20 mmole 
of NAN02 was added dropwise at 5~ and the mixture was stirred at 0~ for 1 h. It was then 
diluted with chloroform and neutralized with 20% K2C03 solution. The organic layer was dried 
and evaporated, and the residue was recrystallized from alcohol to give 0.15 g (10%) of Vl, 

Conditions E. A solution of 20 mmole of NAN02 was added slowly dropwise at 0~ to a 
solution or suspension of 5 mmole of pyrimidine I or II in 10-15 ml of the acid, and the 
mixture was stirred at 0~ for 1-3 h. It was then diluted with chloroform and neutralized 
with 20% K=C03 solution. The organic layer was dried and evaporated, The following acids 
were used: concentrated H2S04, concentrated HCI, 40% HBF4, and concentrated HCI + glacial 
CH3COOH (i:I). The results are given in Table i. 

When the reaction was carried out in concentrated H2SO4, a 5 M solution of LiCI in 12% 
HCI solution was added dropwise after the addition of the NaNO2 solution, and the reaction 
mixture was stirred at 0~ for 3 h. It was then worked up as indicated above, 

Diazotization in Moderately Acidic Media. Conditions F. A 25-mi sample of a 5 M solution 
of LiC! in 12% HCI was added to a solution of 6 mmole of the substituted 2,aminopyrimidine 
in the minimum amount of acetic acid, after which the ~xture was cooled to --15~ and 40 
mmole of solid NAN02 was added in the course of 30 min, The reaction mixture was stirred at 
0~ for i h, after which it was maintained at 20~ for 24 h. It was then cooled to 0~ 150 
m! of chloroform was added, and the mixture was neutralizedwith 20% potassium carbonate so- 
lution, The organic layer was dried with magnesium sulfate and evaporated, and the residue 
was separated with a column filled with silica gel by elutionwith chloroform and chloroform-- 
acetone (9:1, 7:3) (Tables i and 2). 

2-Amino-5-phenylpyrimidine 1-oxide (XI) and 2-amino-6-methyl-4-phenylpyrimidine 1-oxide 
(XII) were obtained by a method similar to that in [I] by oxidation of, respectively, 2-amino- 
5-phenylpyrimidine (XV) and 2-amino-6-methyl-4-phenylpyrimidine (XVI) with a mixture of 30% of 
H=O2 and Na=WO~. N-Oxides XI and XII were isolated from the reaction mixtures in the form of 
the benzoates, as in [i]. The data are presented in Tables I and 2, 
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RECYCLIZATION OF 2,2-DISUBSTITUTED 4(3H)-OXO- AND 4-CHLORO-I,2- 

DIHYDROPYRIMIDINES TO 4-~IINOPYRIDINE DERIVATIVES 

A. V. Upadysheva, N. D. Grigor'eva, UDC 547.854.1t856.1'834.1v822.7.07: 
Yu. S. Ryabokobylko, and A. P. Znamenskaya 542.952:543.422 

The intramolecular cationotropic rearrangement of salts of two-ring 2,2-disubsti- 
tuted 4-chloro-l,2-dihydropyrimidines to 4-aminopyridine derivatives was observed. 
Recyclization to 4-aminopyridines can take place in the reaction of two-ring 2,2- 
disubstituted 4(3H)-oxo-l,2-dihydropyrimidines with phosphorus oxychloride without 
isolation of the intermediate chloro derivatives. A probable mechanism that makes 
it possible to assert that the observed recyclization is a variant of the intra- 
molecular cationotropic rearrangement that is characteristic for 2,2-dialkyl- 
substituted 1,2-dihydropyrimidines with functional substituents (for example, oxo 
or chloro) in the 4 position of the ring is discussed. 

It is known that 2,2-disubstituted 4(3H~-oxo-l,2-dihydropyrimidines ! under the influence 
of polyphosphoric acid (PPA) at 135~ undergo cationotropic rearrangement to give 2-pyridone 
derivatives in good yields and 4-oxo- and 4-aminopyridine derivatives in very small amounts 
[i]. 

We assumed that 2,2-disubstituted 4-chloro-l,2-dihydropyrimidines are also capable of 
undergoing similar transformations. In fact, instead of the usual chloro derivatives of 1,2- 
dihydropyrimidine, 4-aminopyridine derivatives II with known structures [2, 3] are formed in 38- 
85% yields in the reaction of I with an eightfold to tenfold excess of phosphorus oxychloride 
(by refluxingin toluene for 10-24 h). 
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