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Nucleophilic substi tution occurs  in the 2 o r  3 posi t ion in 2 -n i t ro -3 -ha lopyr id ines  depending 
on the nature  of the halogen and the subst i tut ing agent.  A s e r i e s  of new 2 ,3-subs t i tu ted  
pyr id ines  were  obtained as  a resu l t  of the reac t ions .  

It is known that the ni t ro  group in 2-n i t ropyr id ine  and its de r iva t ives  can be read i ly  rep laced  by hy-  
draz ine  [1], halogen [2], and hydroxy groups [1, 3]. 2 -Ni t ropyr id ine  does not r eac t  with ammonia  [3]. The 
ethoxy group in 2 -n i t ro -3 -e thoxypyr id ine  is r ep laced  on react ion with ammonia ,  and 2 - a m i n o - 3 - e t h o x y -  
pyridine is obtained in 8% yield as a side product  [4]~ A halogen in the 3 posit ion of pyr id ine  r eac t s  with 
nucleophiles only under s eve re  conditions [5, 6]. 

No study of nucleophilic substi tut ion of ni t ro  groups and halogens in the 2 and 3 posi t ions  of the py r id -  
ine ring, r espec t ive ly ,  has been made .  In o r d e r  to accompl i sh  this ,  we synthes ized a number  of p r ev ious ly  
undescr ibed  2 -n i t ro -3 -ha lopyr id ines  ( I Ia-c  and VIII). 2 -N i t ro -3 - ch lo ro (b romo ,  iodo)pyridines (IIIa, b, c) 
were  obtained by  the Sandmeyer  reac t ion  f r o m  the p rev ious ly  desc r ibed  [7] 2 -n i t r o -3 -aminopyr id ine  (i}. It 
was found that  diazot izat ion of pyr idine I in the p r e s e n c e  of hydrochlor ic  acid br ings  about not only subs t i -  
tution of the amino group by a chlorine a tom but a l so  s imul taneous  nucleophilic a t tack  at the ni t ro group, 
which is r ep laced  by chlorine to give 2 ,3-d ich loropyr id ine  (IIIa). 2 ,3-Dibromopyr id ine  (IIIb} and 2 - n i t r o - 3 -  
b romopyr id ine  (IIb} a re  obtained in a ra t io  of 1 : 2 by diazot izat ion of I in hydrobromic  acid.  If dilute su l -  
fu r ic  acid is introduced into the diazot izat ion react ion,  only 2 -n i t ro -3 -ha lopyr id ines  (IIa-c} a r e  i so la ted  in 
the p r e s e n c e  of the cor responding  sa l t s .  2 -Ni t ro -3 - f luo ropyr id ine  (VIII} was obtained by the Schiemann r e -  
act ion.  In con t ras t  to py r id ine -3 -d iazon ium t e t r a f luo robora t e  [8], 2 -n i t ropyr id ine -3 -d iazon ium t e t r a f l u o r o -  
bora te  is s table but decomposes  at 140~ to give VIII. 

Nucleophilic substitution in 2 -n i t ro -3 -ha lopyr id ines  ( I Ia-c  and VIII) has been invest igated in reac t ions  
with ammonia ,  morphol ine,  hydrazine,  aniline,  and hydrochlor ic  and hydrobromic  ac ids .  

It has been es tabl i shed that  the labi l i t ies  of the nitro group and the halogens a r e  c o m m e n s u r a b l e  in 
the reac t ion  of I I a - c  with am m on i a  and morphol ine .  P roduc t s  of substitution of both the ni t ro  group and the 
halogens were  obtained for  each nucleophile.  Thus 2 -n i t ro -3 -aminopyr id ine  (V) and 2 - a m i n o - 3 - c h l o r o -  
(bromo, iodo)pyridines (VIIa-c) were  i so la ted  in the reac t ion  of pyr id ines  I I a - c  with ammonia ,  while 2 - n i t r o -  
3 -morphol inopyr id ine  (V) and 2 -morpho l ino -3 -ch lo ro (b romo)pyr id ines  (VIIa, b) a r e  fo rmed  f rom IIa, b and 
morphol ine .  In the case  of pyr idine IIc, only 2 -n i t ro -3 -morpho l inopyr id ine  (V) was obtained on reac t ion  
with mo rpholine.  

Compounds Ha, b reac t  d i f ferent ly  with benzylamine .  Two products  - 2 -n i t ro -3 -benzy laminopyr id ine  
(V) and 2 ,3-dibenzylaminopyr id ine  (IV) - were  also isola ted in this case .  Compound V (R =benzylamino) 
was the only compound obtained f r o m  IIc in this react ion . (See  scheme on following page.} 

Produc t s  of substi tut ion of only the ni t ro  group were  i so la ted  in the reac t ion  of I I a - c  with hydrazine .  
The 2 -hydraz ino-3 -ha lopyr id ines  (Xa-c) obtained give the c h a r a c t e r i s t i c  (for  2-hydrazinopyr idine)  cyc l i za -  
tion reac t ion  with n i t rous  acid and acet ic  acid to give the cor responding  t e t razo lo [1 ,5 -a ]pyr id ines  (XI} and 
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X a=Cl,b =Br, c=I; II X=a,b,c; Ill X~a,b; IV R=,NHCH~C6Hs; V R~morpholino, NHz, 
NHCH2CsHs; VI X=a, b, R=morpholino;VII X=a, b,c; R =NH~,morpholino; X X=a,b,c ; 

XI X=a,b,c ; XII X~c; R=CHs, Cells 

sym-t r iazolo[4 ,3-a]pyr id ines  (XII). Compounds Xa-c  readi ly give hydrazones,  which are  converted to t r i -  
azolcs  XII on oxidation with bromine.  

The nitro group in pyridines I Ia -c  and V (R =morpholino) is readily replaced by halogen when the com-  
pounds a re  refluxed in hydrochlor ic  or  hydrobromic  acid. In this case, 2,3-dihalopyridines Ha, b a r e  formed 
f rom IIa, b, while products Via, b - i somers  of VIIa, b - a re  obtained f rom V (R =morpholino).  

2-Ni t ro-3-f luoropyr id ine  (VIII) reacts  with morpholines,  benzylamine, and ammonia  at room t e m p e r a -  
ture  to give f luorine-substi tut ion products  (V). In contrast  to the chloro, bromo, and iodo derivat ives  (IIa-c), 
which do not reac t  with aniline even on refluxing in excess aniline, fluoro derivative VIII readi ly reacts  with 
aniline even at room tempera ture  to give 2-ni t ro-3-phenylaminopyr id ine  (IX). 

Thus a prepara t ive  method for  the synthesis of a se r i e s  of new or previously  difficult- to-obtain 2,3- 
substituted pyridine derivat ives,  which a re  of independent interest  o r  a re  s tar t ing mate r i a l s  for  subse-  
quent syntheses,  was developed by means of nucleophilic substitution in 2-n i t ro-3-ha lopyr id ines  (IIa-c and 
VIII). 

EXPERIMENTAL 

2-Ni t ro-3-eh loro(bromo,  iodo)pyridines (Ha-e). These compounds were obtained as follows: a ) f rom 
pyridine I via the Sandmeyer react ion in sulfuric acid with crys ta l l iza t ion of the resul t ing nitrohalo der iva-  
t ives  f rom 50% aqueous alcohol (Table 1),* b) (for pyridine IIb) by diazotization of I in 20% I-IBr. Theyie ld  
was 65%. 

2,3-Dichloro(dibromo)pyridines (IIIa, b). Compound IIIa was obtained by the Sandmeyer  react ion in 
25% HC1 and was isolated by alkylation of the react ion mixture to pH 7-8 and s team distil lation of the r eac -  
tion product .  The yield of product  with mp 66-67 ~ (mp 66.5-67.5 ~ [9]) was 65%. Compound IIIb was obtained 
by the Sandmeyer reaction in 40% HBr. The precipi tated IIb was removed by fi l trat ion (45% yield). Product  
IIIb was isolated by dilution of the mother  liquor with water  (25% yield). The product  had mp 58-59 ~ (mp 
58.5-59.6 ~ [10]). 

2-Ni t ro-3-f luoropyr id ine  (VIII). This compound was obtained by the method in [8]. The diazonium 
te t raf luorobora te  was decomposed at 140 ~ Product  VIII was extracted f rom the react ion mixture by means 
of chloroform.  The solvent was evaporated, and the res idue was purified by vacuum sublimation at 80-90 ~ . 
A solution of VIII in chloroform was used without additional purif ication for  the react ions  with amines .  

Reaction of IIa, b, c with Ammonia.  A 1-g (6.0 mmole) sample of pyridine IIa was heated at 150 ~ in 
10 ml of 28% ammonium hydroxide fo r  3 h. The solution was cooled, and the resul t ing precipi tate  was r e -  
crysta l l ized from petroleum ether  to separate  2 -amino-3-ch loropyr id ine  VIIa f rom undissolved 2 - n i t r o - 3 -  
aminopyridine (V). The yield of VIIa with mp 60-61 b imp 61.5-62 ~ [9]) was 60%. The yield of V was 15%. 

*See Table 1 for the data for  the undescribed substances.  
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TABLE 1. 

Com-  

pound i~ 

IIa  NO2 
IIb NO2 
IIc NO2 

IV NHCH2C6Hs 
V NO2 
V NO~ 

Via C 
VIb Br 

V I I a Morpholino 
VIIb Morpholino 
VIle NH~ 

VIII NO~ 
IX NO2 
Xb NHNH2 
X c NHNH~ 

2,3-Substiturted Pyr id ines  

U: 
R" mp, 

i 

Empi r i ca l  "c 
formula 

CI 
Br 
1 
NHCH2C6Hs 
Morpholino 
NHCrt2C6Hs 
Morpholino 
Morpholino 
CI 
Br 
I 
F 
NHC6Hs 

90--91 
100--101 
98--99 

166--167 
62--63 

l lO- - l t l  
100--101 
89--90 
94--95 
92--93 
87--88 
38--39 
85--86 

'147--148 
96--97 

CsHaCINuO2 
CsI-IzBrN~Oz 
CsH3IN202 
C,gHI~N3H~O 
CgHIINa03 
CI2HuN302 
CgHnCIN20 
CgHHBrNgO 
CgHIICIN20 
CgHHBrN20 
C~HsIN2 
CsH3FN202 
CItHgN30~ 
CsH6BrN~ 
CsH~IN3 

Compounds I17o, c r eac t  s i m i l a r l y  with a m m o n i a  to give V (R =NI,I2) and 
and VIIb were  15 and 50%, r e spec t ive ly .  Compound ViIb had mp 64-65 ~ 

Found, % . Calc.," % ~ .  

37.8, ,.9,1.155 
39.7! ~.bJ 13,61 29,61 1,51 13,81 65 
24.1) .... 11,1 24,0 1,2 11,2170 
74.21 7.21 13,0[ 74,3[ 6,8[ 13,7125 
51.51 5.2] 2o,11 51,71 5~3] 2o,11 40 
62.51 4,91 18,51 62,71 4,81 18,31 15 
55.11 5.61 14,1[ 54,4[ 5,6] 14,1[ 95 
44.31 4.71 11,9[ 44,5[ 4,6[ 11,5[ 95 
54.91 5.81 13,6[ 54,4[ 5,6] 14,1[ 40 
44.bl 4.{51 11,5[ 44,5[ 4,6[ 11,5] 30 
27.61 2.41 13,0/27,3 2,3| 12,7 50 
41_71 2.41 19,91 42,21 2,1 / 19,7[ 25 
(~1.41 4.41 19,1 61,4 4,2[ 19,6[ 55 
32,21 8.41 22,1 31,9 3,2[ 22,3 55 
25.7! 2.7:17,4 25.5 2.6/ 17,9 35 

VIIb, c (R = NH2). The yie lds  of V 
(mp 64.5-65.5 ~ [10]) .  

Reaction of Pyr id ines  IIa, b, c with Morpholine.  A 1-g  (6.0 mmole)  sample  of IIa  was ref luxed for  3 
h in 10 ml  of 50% solution of morphol ine  in methanol .  Wate r  was added to the reac t ion  mix tu re  to precipi ' -  
ta te  2 -morpho l ino -3 -ch lo ropyr id ine  (VIIa), which was c rys t a l l i zed  f r o m  50% aqueous alcohol.  The mothe r  
l iquor  was evapora ted  to d ryness ,  and the res idue  was r e c r y s t a l l i z e d  f r o m  30% aqueous alcohol to give 2-  
n i t ro -3 -morpho l inopyr id ine  (V). The reac t ion  with pyr id ine  IIb was c a r r i e d  out s i m i l a r l y .  In the case  of 
IIc, the reac t ion  mix tu re  was evapora ted  to dryness ,  and product  V (R =morpholino) was c rys t a l l i zed  f r o m  
30% aqueous alcohol.  The yield was 40%. 

React ion of I I a - c w i t h B e n z y l a m i n e .  A 1-g  (6.0 mmole)  sample  of IIa was ref luxed fo r  1 h in 10 ml  of 
a 50% methanol  solution of benzylamine .  The solvent was evaporated,  and the res idue  was diluted w i thwa te r  
and ex t rac ted  with ch lo roform.  The ex t r ac t  was dr ied with Na2SO4, f i l te red,  and evapora ted .  The p r e c i p -  
i tated 2 ,3-d ibenzylaminopyr id ine  (IV) was r emoved  by f i l t ra t ion and c rys t a l l i zed  f rom 50% aqueous a l -  
cohol. The react ion was c a r r i e d  out s i m i l a r l y  with pyr idine IIb.  In the case  of IIc,  a solution in ch lo ro-  
f o r m  was evapora ted  until an off formed,  a f t e r  which the mix tu re  was t r e a t ed  with e the r  to give V (R = 
NHCH2C6I-I 5) in 15% yield. 

Reaction of Pyr id ines  IIa, b, c with Hydrazine .  A 1-g  (6.0 mmole)  s ample  of pyr idine IIa was ref luxed 
in 10 m l  of a 50% solution of hydraz ine  hyctrate in methanol  for  1 h or  the mix tu re  was allowed to stand at 
r oom t e m p e r a t u r e  for  3 h. Evapora t ion  of the reac t ion  mix tu re  p rec ip i t a ted  2 hydraz ino -3 -ch lo ropyr id ine  
(Xa), with mp 160-161 ~ ( f rom water)  (rap 160-161 ~ [11]), in 55% yield.  Compounds lib, c we re  s i m i l a r l y  ob-  
tained.  

Substitution of the Nitro Group in IIa, b and V (R =Morpholino) by Halogen.  A 6.0-mmole sample  of 
IIa, b or  V (R =morpholine)  was ref luxed in 10 m l  of concent ra ted  HC1 or  HBr .  The reac t ion  products  were  
prec ip i ta ted  with water .  Products  IIa, b were  obtained f rom IIIa, b, while Via, b were  obtained f r o m  V (R = 
morphol ino) .  Compounds Via, b were  c rys t a l l i zed  f r o m  50% aqueous alcohol.  

8 -Chloro te t razolo[1 ,5-a]pyr id ine  (XIa). A 0.5-g (3.5 mmole)  sample  of pyr idine Xa was d isso lved  in 
8 ml of 10% H2SO 4 and diazot ized with 0.8 g (1.1 mmole)  of NaNO 2 in 2 ml  of wa te r .  The p rec ip i t a te  was 
r emoved  by f i l t ra t ion  to give 0.48 g (90%) of XIa with mp 182-183 ~ ( f rom water ) .  Found: C 38.9; H 2.0; 
N 36.0%. CsH3C1N 4. Calculated: C 38.7; H 1.9; N 36.1%. Compounds XIb, c were  s i m i l a r l y  obtained. Com-  
pound XIb had mp 208-209 ~ ( f rom water) .  Found: C 29.9; H 1.4; N 27.9%. CsH3BrN 4. Calculated: C 30.4; 
H 1.5; N 28.1%. Compound XIc had mp 224-225 ~ {from water) .  Found: C 24.6; H 1.1; N 22.4%. C5H3IN 4. 
Calculated:  C 24.4; H 1.2; N 22.8%. Compound XIa in t r i f luoroace t i c  acid solution did not give an a b s o r p -  
tion band cor responding  to the f requency of the s t re tch ing  v ibra t ions  of the azide group at 2100-2200 e m  -1 .  

8 - B r o m o - 3 - m e t h y l - s y m - t r i a z o l o [ 4 , 3 - a ] p y r i d i n e  (XIIb). A 0.7-g (4.0 mmole)  sample  of Xb was r e -  
fluxed in 20 ml  of ace t ic  acid fo r  9 h. The acet ic  acid was then r emoved  by dist i l lat ion to give 0.68 g (95%) 
of XIIb with mp 161-162 ~ ( f rom benzene).  Found: C 39.8; H 3.1; N 19.2%. CTHI6BrN 3. Calculated: C 39.6~ 
H 2.8;  N 19.8%. 
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8 - B r o m o - 3 - p h e n y l - s y m - t r i a z o l o [ 4 , 3 - a ] p y r i d i n e  (XIIb). A solution of 0.75 g (4.0 mmole)  of Xb in 10 
ml  of alcohol was heated for  5 min with 0.7 g (6.6 mmole)  of benzaldehyde in 10 ml  of alcohol.  The mix tu re  
was t r ea t ed  with water ,  and the p rec ip i t a te  was r emoved  by f i l t ra t ion to give 1 g (90%) of benzaldehyde 3- 
b romo-2 -py r idy lhyd razone  with mp 137-138 ~ ( f rom 50% aqueous alcohol) .  Found: C 52.3; H 3.7; N 15.1%. 
CI2H10BrN 3. Calculated: C 52.2; H 3.6; N 15.2%. A 1-g  (3.6 mmole)  sample  of the hydrazone was dissolved 
in 6 m l  of acet ic  acid, and 1 g (1.5 mmole)  of sodium ace ta te  and 0.8 ml  of b romine  in 2 ml of acet ic  acid 
wereadded .  T h e m i x t u r e  was ref luxed for  5 rain, a f t e r  which it was poured into 10 m l  of wate r .  The r e -  
sult ing oil c rys t a l l i zed  on standing. T h e  c ry s t a l s  we re  r emoved  by f i l t ra t ion  to give 0.9 g (90%) of XIIbwith  
mp 175-176 ~ ( f rom water) .  Found: C 52.6; tt 2.9; N 14.9%. C12HsBrN 3. Calculated: C 52.6; H 2.9; N 15.3%. 

Reaction of VIII with Amines .  A twofold excess  of  the appropr ia t e  amine  was added to a solution 
of VIII in ch loroform,  and the p rec ip i t a ted  amine  sal t  was r emoved  by f i l t ra t ion.  The solvent was r emo v ed  
by disti l lation, and product  V was c rys t a l l i zed  f r o m  an appropr i a t e  solvent;  IX was c rys t a l l i zed  f rom 50% 
aqueous alcohol.  
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