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& b e c t  - Diazotization of a number of aminopyraeine and amrnopyrimidine N- 

oxides affords intermediate diazonium compounds which can be converted to  the 

corresponding bromo and chloro analogs in the presence of the appropriate  halide ions. 

In s o m e  instances, electrophilic aromatic  substitution takes place pr io r  to  the diazo- 

tization step. Nucleophilic halogenation accompanying deoxygenation occurs  with 

2-aminopyrimidine N-oxide in the s a m e  manner a s  described for  some 3-amino-1.2, 

4- t r iazine 2-oxides. 

The diazotization of the  four possible aminopyridazine N-oxides has been d e s c r i b e d . ' . h x c e p t  f o r  

the  3-amino isomer,  the corresponding halo derivatives a r e  obtained in  high yields. The diaeoti- 

sation of 3-amino-l.2,4-triazine 1- and 2-oxidesh4 affords the  corresponding halo derivatives as 

well. The diazotieation of 3-amino-1, 2.4-triazine I-oxide a l s o  yields a n  electrophilic ring- 

substitution product, the 3.6-dibromo-1.2.4-t~iaeine 1-oxide. 

The diaeotisation of 3-arninopyraeine 1-oxide has been described as affording the corresponding 

I-hydroxy-1, 2-dihydropyrazinone.' In view of these  results, a diazotization study of other amino- 

diazine N-oxides seemed appropriate. Now we report  the results of t h e s e  studies. 

The diazotieation of 2-amino-(A) and 3-aminopyrazine 1-oxide @) using a hydrohalic acid and 

sodium ni tr i te  afforded the corresponding mono-halo N-oxides (3. 2,  2 ,  k ) .  These resul ts  differ 

f r o m  the reported formation of 3-0x0-3.4-dihydropyrazine I-oxide, when the diazotization i s  done 



HX, NaN02 
7- -, 

0- 0- 

1n the case of 3-aminopyrazine 1-oxide (2), 2.3.6-tribromopyrazine 1-oxide (7)  i s  isolated as 
I 

well a s  3-bromopyrazine 1-oxide Q). The formation of compound 7 i s  expected in  view of the  
% 

facile bromination of 3-aminopyrazine 1-oxide, which w e  have recently described.' Consequently. 

compound i s  m o s t  probably formed by diazotiaation of 2.6-bromo-3-aminopyraaine ]-oxide (8). "" 

The formation of compoundJ follows the  s a m e  pat tern a s  we have already described in  the halo- 

genative diazotization of 3-amino- 1, 2.4-triazine 1-oxide, where 3.6-dibramo-l,2,4-triazine 1- 

oxide is formed. 

The diazotization of 2-aminapyrimidine 1-oxide Q) does not appear  t o  have been reported. When 

this compound i s  diazotized under the s a m e  conditions a s  the  aminopyrazine N-oxides, theini t ia l ly  

formed compounds are  the 2-amino-5-halopyrimidine 1-oxides (10, 11). These compounds are, 
m ""I 

ultimately, t ransformed to  the 2,s-dihalopyrirnidine 1-oxides &, Q,). T h e  initial formation of 

the 2-amino-5-hslopyrimidine 1-oxides (a, R,) has precedent in  our ea r l i e r  publication describ-  

ing the d i rec t  halogenation of compound The yields of compounds a and a are  increased con- 

siderably by the addition of sodium bromide and sodium chloride, respectrvely, to  the diazotiza- 

tion medium. 

Of additional interest  i s  the observation that the 2-amino-5-halopyrimidines and 3 a r e  a l so  

isolated f r o m  these  reactions. The formation of these compounds follows the pat tern observed in 

the 3-amino-1.2.4-triazone 2-oxide, where the 3-amino-6-halo-l,2.4-triszines a r e  obtained when 

these compounds a r e  t rea ted  with hydrohalic acids, and in the nitrosation of 3-amino-1.2.4-tri- 

azine 1-oxide, where the corresponding 3.6-dibromo-l,2,4-triazine 1-oxide i s  formed." 
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It was reported that the t reatment  of 3-alkylamino-1.2.4-triazine 2-oxides (16, Y = N) with hydro- 
?iii 

halic acids affords the  corresponding 6-halo-3-alkylamino-1, 2.4-triasine (a, Y = N). The 

mechanism involved in this  t ransformation proceeds by nucleophilic attack of X- on the  protonated 

The same mechanism can b e  invoked to  account f o r  the formation of compoundsA4 and R. 

The formation of compounds x, a, 11, 12, and h3 can be rationalized by the observations that 
m. .in. 

electrophilic halogenation of 3-arninopyraeine I-oxide f2) affords 2,6-dihalo-3-aminopyrazine 

1-oxide, and halogenation of 2-aminopyrirnidine 1-oxide generates 2-amino-5-halopyrimidine 

1-oxide.& T h e s e  halogenated products are the result of electrophilic substitution. In o rder  t o  

account f o r  these  electrophilic substitution products in the diaeotimation reaction using hydrohalic 

t acids, the  formation of X (or of its possible precursor ,  X.) i s  required. Nitroue acid, an  oxidin- 

t 
ing agent, could account f o r  the formation of these species ( 2 ~ 0 ;  t 2X' t 4 H  = ZNO + X, t 2 H,O). 

Some precedent in  heterocyclic chemistry of this type of reaction i s  known. N-oxidation, with per-  

acet ic  acid, of a number of halogenated pyrimidines yields 5-chloro derivatives by hydrolysis of a 



4-chloro substituent, serving as the initial C1- source. The oxidizing agent, in this  instance 

peracetic acid, generates  the required clt ~ p e c i e s . ' . ~  

CONCLUSIONS 

1) Diazotizatian of aminopyrazine and aminopyrimidine N-oxides with sodium ni tr i te  and a hydro- 

halic acid affords intermediate diazonium compounds which a r e  converted t o  the corresponding 

bromo- and chlora- analogs in the presence of the appropriate  halide ions. 

t 
2) Prior t o  the diazotization step, electrophilic substitution with X species ,  made  by HONO act- 

ing as an oxidizing agent upon HX, occurs  a t  the same s i t es  a s  d i rec t  halogenation in  the carres- 

ponding aminodiazines. Thus, the presence of the N-oxide group in these  compounds does not 

alter the electrophilic substitution behavior of named aminodiazines. 

3) Nucleophilic halogenation with deoxygenation, as already noted f o r  some 3-substituted 1.2.4- 

triazine N-oxides, occurs  in  the diazotization of 2-aminopyrimidine N-oxide. 

EXPERIMENTAL 

The proton nmr  spec t ra  were recorded with a Varian HA-100 spectrometer .  Mass spec t ra  were 

obtained for  a l l  reaction products with a Hitachi Perkin-Elmer RMU-6M instrument  equipped with 

a solid sample injector. The ionizing voltage was 70 eV. The molecular weights of a l l  of the 

reported products are  in agreement  with the assigned etructuree.  Elemental analyses were deter-  

mined by the Analytical Services  Laboratory of the University of Alabama. Dept. of Chemistry. 

Preparation of 2-Bromopyrazine 1-Ckide (4).  A mixture of l l O m g ( l . 0  mmol)  of 2-aminopyrazine 
li 

1-oxide (&) and 1.0 ml of 47 % hydrobromic acids  with 0.3 ml  of water  were s t i r r e d  a t  room tempe- 

rature until a c lea r  red  solution was obtained (about 35 min). To this  solution was added, dropwise 

(under cooling, NaC1-ice bath), 0.5 ml of water  containing 120 m g  (1.7 -01) of NaNO*. The 

addition was completed within 15 min  with continuous s t i r r ing.  The whole was slowly brought to  

room tempera ture  (15 min), left standing f o r  10 min a t  ZZ'C, and part ia l ly  neutralized with satura-  

ted aqueous NaHCOJ (pH=4.5). The resulting solution was extracted with CH,C12 (5 x 5 ml). The 

combined CHzCll extracts  were dr ied over anhydrous Na,SO,, filtered, and the solvent was evapo- 

rated to  dryness  under reduced p r e s s u r e  (70 t o r r )  t o  yield a white solid, which was sublimed a t  

55TlO.05  t o r r  t o  give 93 m g  (0.53 mmol) of % (53%). m p  126-127•‹C. 
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2-Chloropyrazine 1-oxide (4) was p repa red  by a s i m i l a r  p rocedure  in  3 3 %  yield, m p  130-132'C 

(Lit .  133-134'C). 

P r e p a r a t i o n  of 3-Chloropyraeine 1-oxide @). A mix tu re  of 525 m g  (4.73 mmol)  of 3-aminopyra- 

s i n e  1-oxide ( 6 )  and 5 . 0  ml of 40% HC1 was s t i r r e d  a t  room t e m p e r a t u r e  until  t h e  amine  (2) had 

complete ly  dissolved.  To t h i s  c l e a r  solution was added, dropwise  (under  cooling, NaC1-ice bath). 

2.0 ml of H 2 0  containing 670 m g  (9 .71 mmol )  of NaNO,. The addition was completed within 45 rnin 

and was accompanied with continuous s t i r r ing .  T h e  mixture was slowly brought to  r o o m  tempera -  

t u r e  (20 min), l e f t  standing f o r  15 rnin a t  2ZaC, and  partially neutra l ized with sa tu ra ted  aqueous 

NaHCO, (pH.4.5). T h e  resul t ing solution was extracted with CH,Cl, (5  x 25 m l )  and the  combined 

CH,Cl, e x t r a c t s  w e r e  d r i ed  over anhydrous Na,SO,, fi l tered, and  t h e  solvent was  evaporated t o  

d r y n e s s  under  reduced p r e s s u r e  (70 t o r r )  t o  yield a white solid. It was sublimed a t  60•‹C/0.05 

t o r r  t o  give 263 m g  (2.0 mmol )  o f?  (42.6%),  m p  94-95'C (Li t .  9 5 - 9 6 ' ~ ) . "  

React ion of 3-Aminopyrazine ]-Oxide @) with NaNOz/HBr. To 444 m g  (4.0 mmol )  of 2 was added 

6 . 0  ml of 47 % HBr .  The yellow solution wae cooled to  5'C and  552 m g  (8 .0  mmol )  of NaN02 i n  

2 .0  ml of wa te r  was added dropwise  (15 rnin). After  s t i r r ing f o r  15 m i n  a t  room t e m p e r a t u r e ,  

10 .0  m l  of CHC1, was added. The react ion was worked up as above t o  give 278 m g  of 3-bromo- 

pyrazine  1-oxide 6 m 39.7 70 yield and 104 m g  of 2 ,3 ,6- t r ibromopyrazine 1-oxide (x )  in  7 . 8 %  L)  ' 
yield. Both ,$ and 1 were  fu r the r  purified by vacuum sublimation. 

React ion of 2-Aminopyrimidine 1-Oxide ( 2 )  with N ~ N O J H B Y .  In a typical  exper iment ,  276 m g  

(4.0 mmol )  of N a N q  in  1 .0  m l  of water  was added dropwise (20 mi") t o  a eolution of 222 mg (2 .0  

m m o l )  af c o m p o u n d 2  in  1.7 ml of 4 7 %  HBr  cooled to  -5'C. Af te r  t h e  addition w a s  complete.  

10 ml of CHC1, was added and t h e  cold react ion mix tu re  was brought t o  r o o m  tempera tu re .  Af te r  

10 rnin, t h e  CHC1, l a y e r  was separate.' and additional CHC1, ( 4  x 10 ml) extract ions  were  made.  

The combined CHC1, ex t rac t s  were  d r i ed  over  Na2S0,, f i l tered,  and evaporated i& v s u ~ .  The 

l ight  yellow res idue  was sublimed a t  95'C/O. 05 t o r r  to  give 115 m g  of 5-bromo-2-aminopyrimidine 

1-oxide &l i n  3 0 %  yield. An additional product,  2-amino-5-bromopyrimidine (a) was detected in  

t h e  aqueous r eac t ion  m i x t u r e  and extracted with ethyl a c e t a t e / l 2 %  methanol.  It was subl imed a t  

l lO0C/O.05 t o r r  t o  give 93mg of (26.7%).  mp  242-244•‹C (Li t .  242-244 '~ ) . "  



Reaction of 2-Aminopyrimidine 1-Oxide Q) with NaNOJHCl. T h e  p rocedure  was t h e  s a m e  as 

above except  that hydrochlor ic  acid  was subst i tu ted f o r  HBr.  The  m a j o r  product  was  deoxygenat- 

ed 9. J i  w a s  isola ted in  3 4 %  yield toge the r  with s o m e  5-chloro-2-aminopyrimidine 1-oxide (10) in  
"A 

6 %  yield and  2-amino-5-chloropyrimidine (14) i n  8 .5% yield, m p  236-238-C (Li t .  2 3 6 - 2 3 7 - ~ ) . ~ ~  
V L  

Reverse  Addition Diazotmation of 2-Amino-5-Halopyrimidine ]-Oxides ( &  a). Into a 25-ml, 

three-neck f lask,  equipped with a magnet ic  s t i r r e r ,  dropping funnel, and t h e r m o m e t e r ,  w e r e  

added 0.8 ml water ,  900 m g  NaBr, 300 m g  (4.28 m m o l )  NaN02, and 372 m g  (2. 14 m m o l )  2-amino- 

5-bromopyrimidine 1-oxide (11). Af te r  t h e  m i x t u r e  was cooled t o  -1O0C, 0.48 ml (4 .28 mmol )  of v" 

concentrated hydrabromic  ac id  was added dropwise  over  a pe r iod  of 20 min. Since t h e  heat  of 

reaction is high. t h e  t e m p e r a t u r e  range m u s t  b e  kept a t  -3 '  t o  -10• ‹C  by ex te rna l  cooling. An 

additional react ion t i m e  of 10 m i n  was allowed, a f t e r  which t i m e  a i r  was bubbled through t h e  

solution t o  remove  bromine and any oxides of n i t rogen.  The  solution was m a d e  a lkal ine  0) 

with 4 %  NaOH, f i l tered,  and t h e  f i l t r a t e  and res idue  each  w e r e  extracted with four  5 . 0 - m l  por-  

t ions of CC1,. T h e  combined ex t rac t s  w e r e  allowed t o  evaporate  a t  r o o m  tempera tu re .  T h e  yield 

of crude 2.5-dibromopyrimidine 1-oxide ( J J )  was 147 m g  (0.59 mmol ,  27 %). T h i s  solid was re- 

crystaUized twice  f r o m  pe t ro leum e t h e r  and subl imed.  

2 , s -Dich lo ropyr imid in  I-oxide (G) was p repa red  by a s i m i l a r  procedure ,  in  1 6 %  yield. 
-- - - - 

0- 
TABLE I. Analytical Data for Some P y r a z i n e  I -oxidesa  R R2 % Y 

c.d Coupling 
S u b s t i t u e n t s  ' H n m r c h e m i c a l  shifts 

Molecular  Const.- 
b -- 

Cmpd F o r m u l a  -- - mp. 'C --- R, R, R, Rb R2 R3 Rr Rb J 2 6 J i 6  - ___ _-_ -- - - - -- ---I_ 

C,H,N20Br 126-127 B r  H H H - 8 . 7 9 8 . 4 2 8 . 2 9  - 4 .0  

C,H,N,OCl 130-131 C1 H H H - 8 . 6 2 8 . 3 6 8 . 2 2  - 4.0 

C4H,N,0Br 95-95 H B r  H H 8.23 - 8.32 8.09 1 .5  4 .0  

C,H,N,OCl 95-96 H C1 H H 8.12 - 8.22 7.96 1 .5  4.0 

C,HNzOBr, 149-150 B r  Br H B r  - - 8.50 - - 
ae C,H,N,OBr 215-216 B r  NH, H B r  - - 8.70 - - - * 

a. Far a l l  compounds e lemental  analyses w e r e  within fO.  3 %  of t h e  calcula ted value. 

b. Melting points w e r e  t aken  on a Thomas-Hoover  mel t ing point appara tus .  

c .  AU spec t ra  w e r e  r ecorded  as dilute solut ions  in  CDC1, except where  otherwise  indicated. 

d. 6(ppm) downfield f r o m  TMS. 

e .  d6-DMSO 
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TABLE 11. Analytical Data fo r  Some Pvrimidines  and T h e i r  I -ox idesa  

NH, H B r  H 8 .24 9 .13 - 8.36 2.0 

NH, H C1 H 8.50 9.05 - 9.30 2.0 

B r  H B r  H - 9.33 - 9 . 5 4  2 . 0  

C1 H C1 H - 9 . 2 7 -  8 .41 2.0 

NHz H Br H 8.40 8.75 - 8.75 - 
NH, H C1 H 8.35 8.70 - 8.70 

a. F o r  a l l  compounds e lemental  ana lyses  were within 10.3% of t h e  calculated values .  

b. Melting points w e r e  taken on a Thomas-Hoover  melting point appara tus  

c. All s p e c t r a  were r ecorded  as di lu te  solutions i n  CDCI, except where  otherwise  indicated. 

d. 6 (ppm) downfield from TMS. 

e. d6-DMSO. 

f .  N,-Oxide 

E lementa l  Analyses:  

Molecular  F o r m u l a  
C a l c u l a t e d -  

%C %H %N 
-- -- -- - 

27.45 1.73 16.01 

27.45 1.73 16.01 

19.00 0.40 11.08 
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