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WNTHESIS OF VICINALY SIBSTITUTED NITROPYRIDINE DERIVATIVES AND THEIR 

N-OXIDES 

Ryszerd Geninecki md Denute Resake 

I n s t i t u t e  of Chemistry, Pedagogicel Un i ve rs i t y ,  25-020 Kie lce ,  Poland 

Abstract - The syn the t i c  methods leading t o  4- and 2-subst i tuted 3-ni- 

t r opy r i d i nes  and 3-subst i tuted 4- end Z n i t r o p y r i d i n e e  ere reviewed i n  

t h i s  paper. The i r  preparat ive convenience i s  discueeed. 

The synthesis of n i t r opy r i d i nes  has been reviewed i n  the  K l ingsberg-Abrmwi tch  

monographi'2 end. r ecen t l y ,  by t he  Russian workere3. Only some syntheses of n i -  

t r opy r i d i nee  cerry ing another subst i tuent  i n  the ortho pos i t ion  t o  the  n i t r o  

group ere mentioned there. 

N i t ropyr id ines .  inc lud ing  tho- mentioned above. can be obtained by n i t r e t i o n  

o f  subst i tu ted pyr id inee.  subs t i t u t i on  i n  the  n i t r opy r i d i ne  de r i ve t i ve  o r  

t ransformat ion of t ha t  subet i tuent .  Every one of these react ions must be f o l l o -  

wed by reduct ion of the oxide func t ion  when N-oxide of py r id ine  de r i va t i ve  was 

the  e ta r t i ng  mater ie l .  Beeidee, such compounds c m  be formad during ox ida t ion  

of the  proper eminopyridine de r i ve t i vee  and pu l l i ng  out the  redundant subst i tu-  

en ts  i n  poly-subst i tuted n i t r opy r i d i ne  der ive t i vee .  

The t i t l e  compounds, as w e l l  as corresponding minopyr id inee ,  ere use fu l  i n te r -  
6 medietee f o r  medicinal$o5 md dyes . and s t a r t i n g  mater ia ls  i n  the synthesis 

of he te rocyc l i c  compounds such as nqhthyr id ines7,  pyrrolopyridinee8 md pyr i -  
11 

d o d i a r i n e ~ ~ ~ ~ .  Some of them ere ec t i ve  es i n h i b i t o r s  i n  enzymatic react ions . 
1. N i t r ooy r i d i nee  by n i t r a t i o n  of subst i tu ted oyr id inee  

The n i t r a t i o n  of py r id ine  i t s e l f  and some of i t e  a l k y l  de r i ve t i ves  such ee 2-me- 

t h y l p y r i d i n e  requi res extremely v igorous condi t ions md the  y i s l d a  of formed n i -  

t r ode r i ve t i ves  ere very low 12-16. However, numerous pyr id ine  de r i ve t i ves  react 

very eas i l y  w i t h  n i t r i c  acid / w e  Tables I md Z/. 



1.1. Aminoovridinee 

The n i t r a t i o n  of aminopyridinee by e s u l f u r i c  ec id  - n i t r i c  ac id  mixture g ivee ,  

st f i r a t ,  n i t r m i n e  derivetiveei7.  I n  hot  ec id  2- ,and 4-ni t reminopyr id inee  un- 

dergo a rearrangement t o  Zamino-3- end -5 -n i t ropyr id ines  snd 4-anino-Lni t ro-  

py r id ine ,  r e s p e c t i v e l y  17-24 . Ins t ead .  under t h e  same c o n d i t i o n s  L n i t r a n i n o p y -  

r i d i n e  g i v e s  3-hydroxypyridine 2536. However. >/N-methylnitramino/pyridine i n  
27 en e c i d i c  medium $8 rea r r snged  t o  Znitro->/N-methylemino/pyridine . 

2-Acetylrrminopyridine i e  d e a c e t y l a t e d  dur ing  r i i t r e t iona .  but  pyr idylcerbemetee  

g i v e  producte  c e r r y i n g  t h e  n i t r o  group i n  t h e  r i n g  / see  Table  l/. 

1.2. Hvdroxvovridinee 

Hydroxypyridinee and pyr idonee undergo n i t r e t i o n  wi thout  d i f f i c u l t i e s  / s ee  Te- 

b l e  l/. The p roduc t s  of  t h e  r e a c t i o n  are ver; u s e f u l  s t a r t i n g  m e t e r i a l a  i n  t h e  

p r e p a r a t i o n  of  meny o t h e r  n i t r o p y r i d i n e  d e r i v e t i v e e  /see S e c t i o n  2/. The come-  

n i e n t  n i t r e t i o n  of  4 - h y d r o ~ y p y r i d i n e ~ ~  i s  worthy of recommendation. 

1.3. Other  w r i d i n e  d e r i v e t i v e e  

Aleo 3-elkoxypyridinee and polymethyl e u b e t i t u t e d  p y r i d i n e s  can be n i t r a t e d  

/ see  Table  I/. The p u l l i n g  o u t  of  redundant  e u b s t i t u e n t e  i n  t h e  p roduc te  of  n i -  

t r a t i o n  of t h e  mentioned polymethyl p y r i d i n e s  /eee t h e  fo l lowing Sectloris/  i s  a 

good method f o r  p repa r ing  s o s e  n i t r o p i c o l i n e e .  

The n i t r a t i o n  of p y r i d i n e  N-oxides g i v e s  mainly 4 -n i t rode r ive t iveeM.  However, 

Lhydroxy- and 3 - p b u t y l p y r i d i n e  N-oxides are n i t r a t e d  i n  t h e  p o e i t i o n e  2 m d  2 

and 6 .  r e s p e c t i v e l y  3L34. Oeoxygenetion of  ob ta ined  n i t r o p y r i d i n e  N-oxides 

l e a d s  t o  4 - n i t r o p y r i d i n e s  o r  t o  t h e  corresponding aminopyridinee / s e e  Table  2/. 

These m i n o  compounds can be e a s i l y  ox id ized  t o  proper  n i t r o p y r i d i n e e  /eee  Sec- 

t i o n  3/. It i e  p o s s i b l e  t o  o b t a i n  4 - n i t r o p y r i d i n e  from p y r i d i n e  N-oxide i n  t h e  

mixture of e u l f u r i c  end n i t r i c  ec id  i n  56.6% yield35. 

The n i t r a t i o n  of  4-hydroxypyridine N-oxide by n i t r i c  ac id  i n  a c e t i c  anhydride 
36 l e a d e  t o  4-acetoxy-3-nitropyridine N-oxide /90%J . 

2. Ring e u b e t i t u t i o n  i n  o t h e r  n i t r o o v r i d m e e  

One cen expect  en easy  h u c l e o p h i l i c  e u b e t i t u t i o n  i n  n i t r o p y r i d i n e  d e r i v a t i v e s .  

It i s  t h e  way t o  prepare  many new n i t r o p y r i d i n e e .  The n i t r o  group i t s e l f  e l e o  

can be e u b s t i t u t e d  i n  such reec t ione :  du r ing  deoxygenetion of 4-nitro->methyl- 

py r id ine  N-oxide by phosphorus t r i c h l o r i d e  i n  chloroform 4-chloro-Lmethyl  de- 
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Teble I. Mononitretione of pyrldlnee 

Subetituente i n  2 
3-NO2-2-OH + 5-NO2-2-OH 

2-NO2-3-OH 

3-N0244H 

Reference8 /yield, &I - 
37/85+0/, 38, 39 

3Y4Y ,33/70/ -32 

40-42,29/70/ .43/88/ ,44/61/ 

45/38/ .46/87/ .47/70/ 

40,31/43/ 

49/75-80/ 

45/40/ ,=/*I 

51/65-70/ ,50/41/ 

20/20+63.1/,21-23.52-55 

17* and ~6~ 

18 

n 
19 

57/11+51/,58 

57/8+U/ 

57/81/ 

59/90/ .60/60/ .61 

6Yw/  

37 

ZO/Z4.2+46.4/ ,63/25+%/,6A 

65 

66/33+Y/ ,67,68/25.3+58.4/ 

69 

70/85/ ,71/8l/, i6/66/ .72 

71/93/, %/go/ 

e/ Nitrating agents: concentrated or fuming n i t r ic  acid o r  poteeeium nitrate i n  

concentreted sulfurlc acld or oleum. 

b/ According to  ref .73 the nltratlon of Sethoxypyridine afforde 2-nltro-5-etho- 

xypyridine. 



Table I. /contd./ 

c/ Producte formed i n  a two-step /sometinee one-pot/ aynthesia /see the text/. 

d/ The reapectiva steps of the eyntheaia /compare note 9 are described i n  tho- 

se two papera. 

b Table 2.  itr ration^ o f  pyr id ine N-oxidea end deoxygenetion of  n i t ropyr id lne  
I 

Substituente References 
i n  3 /yield. W 

4-NMe2 3-N02-4-NMe2 54/27/ 

e/ See note 2 i n  T a l e  I. 

oeoxi- 
d i r e r  

PC13 

Fa ,AcOH 

FO.&OH 

HdPd 

PC13 

PC13 

PC13 

Fe ,AcOM 

Fe,ACOH 

Fe.AGOH 

Fern4 

F ~ / O H / ~  

Fe.&OH 

Fern4 

Par3 

Subatituente Ref erencee 
i n  A o r  4 /y ie ld.  W 

77/79/. W 7 V  

b/ See also T a l e  4. 
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r i v e t i v e  is  a l s o  formed97e98 b e s i d e s  4 - n i t r o - L w t h y l p y r i d i n e .  The d a t a  concer- 

ning t h e  s y n t h e s e s  of n i t r o p y r i d i n e e  and t h e i r  N-oxidea by r i n g  ~ u b e t i t u t i o n  

r e a c t i o n s  ere g iven  i n  T a b l e s  3 m d  4. Numeroue 4-aminopyridines cm be e a a i l y  

ox id ized  t o  n i t r o p y r i d i n e e .  

2.1. Hydroxywr id inee  

Although t h e  e q u i l i b r i u m  f w o u r a  t h e  pyridone forms of hydroxy-3-nitropyridi-  

ne 8 99a100, t h e  s u b s t i t u t i o n  of t h e  hydroxy groups  i n  those  compounds by halogen 

is  v e r y  easy  / see  Teble  3/. 

2.2. Ha lopyr id ines  

4-Chloro-3-nitropyridine cannot be s t o r e d  i n  a pure  s t a t e  f o r  e long time. bu t  

i t s  r e a c t i v i t y m 1  makes t h a t  compound t h e  good s t a r t i n g  m s t a r i a l  i n  t h e  synthe- 

ses of 4 - w b s t i t u t e d  3 - n i t r o p y r i d i n e s  /eee Table  3/. 

It should be  mentioned t h e t  3-chloro-, Sbromo-  m d  3-iodo-4-nitropyridinee 

end t h e i r  N-oxides exchenge t h e  n i t r o  group i n  t h e  r e a c t i o n  wi th  m i n e s ,  potee- 
102 slum hydroxide and sodium a l c o h o l e t e e  . 

T a b l e s  3 end 4 show t h e  p o e i b i l i t i e s  of t h e  t r ane fo rmet ion  of  h e l o n i t r o p y r i d i n e e  

t o  o t h e r  n i t r o p y r i d i n e  d e r i v e t i v e s .  

2.3. Other  w r i d i n e s  

A s  i t  c m  be Been from Table  3 n i t roamino m d  alkoxy groups  i n  n i t roamino end 

a lkoxy-ni t ropyr id ines .  r e s p e c t i v e l y ,  c m  a l s o  be  s u b s t i t u t e d  by nucleophi lee .  

3. N i t rooYr id ines  bv s ide-shein  r e a c t i o n s  

Aa i t  i s  known, t h e  pyr idone and th iopyr ldone  forms of 2- and 4-XH e u b s t i t u t e d  

L n i t r o p y r i d i n e s  /X - 0 ,  S/ a r e  t h e  f w o u r e d  onee99sm00113. The absord t ion  

a p e c t r e  ehow t h a t  e q u i l i b r i u m  i s  much s h i f t e d  towards t h e  amino form of 2- end 

4-emrn0-3-nl tropyr idinee~~~.  A l l  t hose  compounds. however, can be  a l k y l e t e d  by 

a l k y l  h a l i d e s  at oxygen, s u l f u r  end amino n l t r o g e n  atoms. r e s p e c t i v e l y  /me Te- 

b l e  5/. 

The amino groups  of aminon i t ropyr id inea  ere r e s d i l y  acy le t ed  by a c e t i c  anhydri- 

d e  /nee Tsb le  5/. However, i n  t h e  r e e c t i o n  of 2-/N-methylmino/-3-nitropyridine 
la  and t h e t  anhydride t h e  s t a r t i n g  m a t e r i a l  n e e  recovered . 

The r e a c t i o n s  of  eminon i t ropyr id inas  i n  which t h e  amino group i s  t r m e f o r w d  

t o  t h e  o t h e r  onee d i a z o n i u .  s a l t s  e r e  a l s o  d iscueeed I n  t h e  p resen t  S e c t i o n  



Table 3. Ring eubatitutiona i n  nitropyridines 
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Table  3. /contd 

3-F 

4 4 1  

4-OEt 

Z C 1  

L4m 

4 4 1  

W E t  

3-F 

4-C1 

4-0m 

4-C1 

3-F 

4 4 1  

4 4 1  

4-C1 

3-F 

3-5 

L C 1  

L C 1  

4 4 1  

2-C1 

4-C1 

Z C l  

Z C 1  

3-F 

3-F 

4 4 1  

4 4 1  

u r n  
4 4 1  

L C 1  

4 4 1  

2 -C l  



L C 1  

4-C1 

4 4 1  

ZBr 

ZBr 

ZBr 

4 a r  

4-8 r 

ZCN 

2-SCN 

4-SCN 

2-CH/W2W2 

4-CH/W.p/2 
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mide, emmonie der iva t ives  and sodium sa l t8  o f  e t h y l  m d  methyl malonets, cy& 

noacetate m d  acetoecetete and some other reagents were used. 

b/ Other 3-halogeno-4-nltropyrldlnes exchange the n i t r o  group I n  e iml la r  condi- 

47 

4 1  

l m / w  
150/87/ 

l s / s q  

u9/%/ 

l49/66/ 

i51/=/ 

152 

153/80/. 154/76.6/ ,M 

64 

65/60/ 

66/87/ 

6 6 / W  

136/53.5/ 

tions. 
62 c/ The product described erroneously es 4-chloro-3-nitropyrldine . 

d/ Aleo the reect ion w i t h  eubeti tuted phenols. 

e/ Reepect ik  Zsllino-Lhalogenowridinee /50- are also formed. 

f/ A r  - substi tuted phenyle. 

g/ Trirrrolopyridlne der ive t ive  /15-2(%1 I s  also formed i n  the reaction. 

a/ To subst i tute the group Y by X. sodium, poteeeium end berium hydroxidee, hy- 

drogen potassium sulf ide. alcohols and thioelcohols. alcoholetee and thioalco- 

holetee, hal ides of phosphorue, poteeeium f luor ide  and thiocyanete. cuproue cy- 

Table 3. /contd./ 

4-CH/W2Et/2 

4-m/m2Et/2 

%CH/CN/Wp 

2-CH/CN/W2Et 

4-CH/CN/W2Et 

4-CH/Ac/CQ2Et 

4-CH/W2 

4-NHC/NHd-NH 

%NHCmHnW2H 

ZCl-4-Me 

6-C1-4- 

2-C1-4-Me + 

+ 6-C1&PK, 

6-C1-%Me 

6-NHNH2-%Me 

6-NHNH2-We 

h/ Znorpholino-3-halogenowridine i s  also formed i n  the reaction. 

i/ & A m i n o - L n i t r o p y r i d i  /46.4E6/ i s  also formed i n  the reaction. 

j/ Ethoxynltropyridine wee the s t a r t i n g  mater ia l  /see note cJ. 

k/ The react ion  of  Z f l u o r o - L n i t r o w r i d i n e  w i t h  m i n o  ecids. 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4-0m 

4 4 E t  

241 

241 

4-C1 

4 -C l  

4 4 1  

L C 1  

2-F 

20H-4-Me 

6-OH-4-Me 

ZOH-4-Me + 

+ 6-OH-4-Me 

6-0H-%Me 

6-Cl-ZE*, 

6-NHNOT2-Me 

J 

k 



n 
N N N N N  

:i I i 
N  'N 'N 

5 5 8 8 8  8 8 4  
' + , A 4 4 4  4 4 4  

r m q  
A A n 

n 
P 5 n n 

67 N  

2 2  67 4 2 5  
0 0 0 0  N  
P P I Z I  .,:e 
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m m & 3 3 h L O  lll lll 
4 .-I 

4 
'Jl 2 r ' d  

=N % 2 
4u I-' h h 

9 ( D C  C C s 3 3 8: N  0 
C ( D C  z $ 3  t L P D 0 k  q . O  

I ~ O ~ ~ M S E  N N ~ ~ ~ ~ n n ~ z ~  3 3  H f  
: 4 4 A A A A f A f A A A A i A  i A A  A A  



Table 4. /contd./ 

3-NEt2 

3-NEt2 

c/ 4-Chloro-3-methy1wrid)ns i s  elso formed i n  the reaction. 

- ~ ~. ~ ~ 

d/ I t  was foundio2 that 3-chloro-. 3-broao- end 3-iodo-4-nitropyridina N-oxides exchange the n i t ro  group i n  

wch reactlona. 

e/ Ar - 2-, and pmethylphenyls. 

f/ Reaction of Lfluoro-4-nitropyridine N-oxides with a i n o  acids. 

q/ See note 2 i n  Table 3. 

b/ See also Table 2. 

3-Br 3-CH/Ac/W2Et 4 
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2-SOR 

ZSNRR ' 

zone 

z o H  

3-OH 

3 4 H  

4-SEt 

4-SCN 

2-SH 

4-Sn 

4-SH 

4-SH 

4- SR 

Z S H  

Z-SH 

L S H  

Z S C l  

- 
o e i t i o  
f n i t r  
roup 
- 

3 

3 

3 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

3 

2 

3 

3 

Re agent 

HCl  aq 

HClaq 

References 
/Y l ead .  W 



Table 5. /contd./ 

"p 
I 

p'+=c6"4S02cl 

"2S040w3 

H 2 ~ 4 . ~ ~ 3  
H2S04.Hm3 

Ac20 

'-20 
KOHW aH20Z 

KDHeq,Hp2 

C1W2Et 

H2S04.HW3 

H2m4J+W3 

"2=4 

ne2so, 

Hcleq 

1/HBF4. EtONO , 
Y w 0  
1/HNO2.YCU2ClZ 

l/HN02.2/Cup2 

WNO2.YKJ 

53O2 
5302 

aeW3W 

je02 

a"04 

an04  o r  H.$2 
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Table 5. /contd./ 

Lw2H 3-ne 
4-W2H 4 4 6  

z w p e  zw2H 

3-w.p 

=-WP -9 
>cop 3-W2H 

4 - a p e  4-c0.p 

%WNH2 Zmp 
3-WNH2 Lwp 
5-WNH2 -%P 
4-WNH2 4 - W p  

3-CN 5-NH2 



Table 5. /contd./ 

-04 

yw2. 
2/W4 o r  HNO 

8/  N-(.Utthyl-3-nitro-Zwridom i s  the mein product / 5 W  i n  the resotion. 

b/ R m hie, Et, p P r ,  p r  and other groups. 

C/ R . ne, Et end p P r .  

d/ Varioue C- end N-hydroxy compounds. 

e/ Secondery mines. 

f/ Subetituents R end R '  ere those occuring i n  the reagent. 

'g/ o v e r a l l  y i e l d  o f  the react ion -NHW2Et--/ua/W2Et--M mounts t o  

65%. 

h/ PPA - polyphoephoric acid. 

i/ The product of the react ion has mp 46.'5-47.0°c end proper ir, nmr and mess 

spectra end correct C, H and N enalyeee. k c o r d l n g  t o  ref.lM ester  melts et 

125'~. 

j/ Methyl 4-hydroxynicotinate /%W i e  elso formed I n  the reaction. 

k/ Ar - eubeti tuted phenyls. 

1/ N I S  - N-bromoeucclnimide. 

considering the etep -NH2--@ How u s e f u l i a  tha t  reect ion i n  the preparation 

o f  n i t ropyr id inee one can aee from Tabla 5. 

The m i n o  groups i n  the posi t ione 2 end 4 of the r i n g  of pyr id ine der iva t ives  

can be eas i l y  oxidized t o  the n i t r o  groups /em Teble 6/. Cero acid i s  e good 

oxid izer  for  3-chloro- and 3-bromo-4-eminopyrldinee but not for  the reepoctive 

iodo derivativeg2. S i m i l e r  reactions of the %mino group are known 57*179. How- 
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Table 6. Transformation o f  amino t o  n i t r o  group i n  aminopyridines and t h e i r  

- 
o e i t i o r  
f uninc 
r n i t rc  
roup - 

2 

2 

3 

3 

3 

4 

3 

2 

4 

4 

4 

4 

4 

2 

4 

2 

3 

3 

2 

Reegent 

aleum.Hp2 

/NH4/2S$e .Hfi21H2=4 

oleum.H202 

l/H2SOq.KM)2,2/Chevreul 

s a l t  , K N ~ ~  

1/HNo2.2/NrSF4,3/C~1/HNo,.2/NrsF,.3/cu.NBNo2NaNO2 

oleum,H2O2 

I/H2?O4,KNOZ,2/Ch~reul 

s e l t  .NaNoZ 

oleum,H202 

oleum.HZO2 

oleum , H ~ o ~  

oleum.H202 

oleum.H202 

oleum.H202 

oleum,H2O2 

oleum,H202 

oleum.H202 

/CF3W20 .H202 

/CF3W20 .H202 

o l e u m , ~ ~ ~ ~  

References 
/yield. Yd 

182 

183/30/ 

179/37.9/, 184/10, 

179/20/ 

185 

182/80/ 

66/15/ 

186/60-68/. 176 

153/82/ 

97 

102/89/ 

9W7i.Y 

92/85.Y 

164/31/ 

164/7/ 

155/50/ 

156/21.2+22.4/ 

156/34/ 

155/55/ 

ever, the repeating of  the syntheeis of 3-ni t ropyr id ine from 3-aminopyrfdine 

ualng Cero ecld wee unsucoessfulgs. The required 3-nltropyridinee can also be 

obtained i n  the react ion  o f  3-pyridyldiezonium s a l t s  w i t h  eodium o r  potessium 

n i t r i t e  i n  the presence of  cuprous lone supplied by the Chevreul s a l t  /'cupro- 

cup r i  s t ~ l f i t e - P ~ , ~ ~ ~ .  Th, synthesis of tha t  ca ta lys t  i s  w e l l  described 
180,181 

- 2 7 4 3 -  



4-Cyme-Snitropyridine can be obtained from 3-nitroisonicotinsmideii9. oehy- 

dre t ion  of 3-nitroisonicotinaldehyde oxime elso gives the respective n i t r i leg8.  

The conditions o f  that  react ion ere the same as described f o r  the transformetion 

of 2.4-dinitrobenzeldehyde t o  2.4-dinitrobenzonitr i le /dehydration of  oxime by 

ecet i c  anhydridem7. 

The transformation of 3-ni t rod-chloropyr id ine t o  3-nitro&-msthylpyridine y& 

d i e t h y l  4-13-nitropyrid,yl/malonate, /see Tables 3 and 5/ i s  worthy of recommsnda- 

tion. The ove ra l l  y i e l d  of the synthesis amounts t o  90%~". The sk in  i r r i t e t i n g  

propert ies of s tar ing 4-chloro-3-nitropyridine' are the serious problem i n  the 

reaction. 

Table 7 contains the informetion concerning the synthesis of some important 

S w b e t i t u t e d  4-ni t ropyr id ine N-oxides which are the po ten t i a l  source of 3-sub- 

s t i t u ted  4 -n i t rowr id inee  

Table 7. Side-chain reections i n  3-substituted 4-ni t ropyr id ine N-oxides 

Y x Reagent 

C02H He H2S04.Ne2Cr207 

1/ABNo3 .YMeJ 

CONH2 w2H 1/Et3N,C1W2Et ,2/NH40H 

C H ~ C O ~ H  C H / C ~ ~ E ~ / ~  H ~ S O ~  

NHN02 NH2 H2S4 &NO3 

Referencee /yield. '%/I 

4. Pu l l ina  out the redundant substi tuents m volv-substi tuted n i t r o w r i d i n e  de- 

r i ve t i vee  

The exchange of some substituente, 8.9. 41. -NHNH2, -COP, i n  some poly-substi- 

tuted n l t ropyr id ine  der ivet ivee / for  t h e i r  syntheses see Tables 1, 3 and 5/ by 

hydrogen affords eome L n i t r o p i c o l i n e e  /see Table 8/. Especial ly the decarboxy- 

l s t i o n  o f  proper 3-nitropicolinecerboxylic ecide i s  worthy of recommendetion. 

3-Nitropyridine can be obtained by the oxidat ion o f  the hydrerine groups i n  2. 

4- and 6-hydrazino- or  4,6-dihydrazino-3-nitropyridi~s by s i l v e r  acetate156 o r  

e i l v e r  oxide135. The react ion  of 2hydrazino-5-nitropyridim w i t h  copper sul fa-  
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Table 8. Synthesis o f  n i t rop ico l i nes  by p u l l i n g  out the redundant substituents 

i n  poly-substituted n i t ropyr id ines 

'os i t ion  
bf methyl 
lroups 

References /yield. W 

153/70/ 

65/44/ 

65/33/ 

66/15-20/ 

65/21/ 

7 1  

71/97.6/.72,173/85/ 

7 1  

173 

7 i / w  

X 

a/ The s ta r t i ng  mstsr ie l  was a mixture o f  2- and 6-chloro-4-methyl-Snitropyri- 

dines. 

b/ The s ta r t i ng  mater ie l  was s mixture of 4-methyl-3-nitro-2- m d  -6-pyridine- 

carboxyl lc eclde. 

Reaction 
conditione 

t e  also gives Snitropyridine'w. 

2-Nitro-5.aminopyridiam ass obtained by the hydrolysis of N,Ne-di/2-nitro-3-py- 

ridylureaiS2. 

3-Nitropyridlne k o x i d e  obtained from Laminopyridine /nee Table 6/ can be 

transformed t o  a mixture of 2-chloro-5. and -5-nltropyridines /30 and 8.4%. ree- 

pectively/ I n  the react ion w i th  phosphorus oxychloride156. The mentioned N-oxide 

can react w i t h  acet ic  anhydrideis g iv ing Zhydroxy-Ln i t ropyr id ins  /5W. 

4-~ lno -3 -n i t ropy r ld lne  I s  formed i n  the react ion o f  4-chloro-Lni t ropyr ld ine 
144 w i t h  poteeelum thiocyenate I n  acet ic  buffer . 

The mixture of 3-nitro-4-eminopyrldlne and proper e l k y l  6 / L n i t r o p y r i d y l / t h i o -  

carbaaate i s  f o r w d  i n  the react ion of 4-/Snitropyridyl/thiocyanete w i t h  ethyl ,  



n- end --prowl and 2-buty l  alcoholeii5. - 
2- and 4- hyroxymethyl-3-nitropyridim ecetetee were obteined m the reect ion 

o f  2- and 4-methyl-3-nitropyridine N-oxides w i th  acet ic  The for- 

mer product wee hydrolysed i n  d i l u ted  hydrochloric acid t o  Zhydroxymethyl-3- 

n i t r ~ ~ y r i d i n e ' ~ ~ .  

Peroxyacetic acid oxidat ion of Z end 4-methyl-5-nitropyridine givea proper py- 

r i d i n e  N-oxides i n  66 end 57% y ie ld ,  r e ~ p e c t i & y ' ~ ~ .  Theee compounds can also 

be obteined from 3-n i t ro lu t id ine  N-oxidee by decarboxylation of  t h e i r  ox idat ion 

productsi73. Similar treatment of 2-methyl-3-nitropyridine N-oxide ef fords 3-111- 

t ropyr id ine  N-oxidelg2. 

6. Comolementery remarks 

The information presented i n  t h i s  Section i e  besed meinly on our resu l t s  not pu- 

bl ished yet. The elementary enelyses /C. H end N/ end ir. nmr end mses spectra 

of the compounds are i n  agreement w i th  the eseigned structures. 

As i t  can be seen from Table 3, m - b u t y l  t h i o l e t e  reacts w i t h  Z end 4-chlo- 

ro-3-nitropyridine g iv ing  the respective 3-nitropyridyl-fert-thioethere. Such 

subst i tu t ion  o f  a chlor ine etom by m - b u t o x y  group does not proceed / s te r t i ng  

mater ia l  ie being recovered/193. The above mentioned chloroni t ropyr id ines also 

react w i th  fert-butylamine. Thus, re f lux ing /2h/ the mixture o f  Zchloro-3-111- 

t ropyr id ine end u - b u t y l e m i n e  /molar r a t i o  1 : 30/ leads t o  Z / N - w - b u t y l -  

amino/-3-nitropyridine /97.5w, mp 29-3i0c /pur i f ied  by eteem followed by vacu- 

um d ie t i l le t ione/ .  Simi lar ly ,  4-chloro-3-nitropyridine ref luxed /0.5h/ together 

w i th  the same m i n e  / r a t i o  I : 20/ i n  THF i e  traneformed t o  4 - / N - s - b u t y l e -  

mino/-Snitropyridine /729hl. mp 99.5-101.5~~ / fer t -buty lmine hydrochloride was 

removed from the react ion mixture by f i l t r a t i o n ,  THF evaporeted and the residue 

recrys ta l l i zed from 50% aqueous acetone/. 

Some important information concerning the react ion of 0-. S- end N H - w - b u t y l  

nucleophilee w i th  helonitroarenee has been published1g3. 

Acetylaminonitropyrldfnsa can be eas i l y  obteinbd from respective aminonitropyri- 

dines. 4-Acetylemino-3-nitropyridine wee e-ynthetized i n  the condit ions given 

for  the other ieomereg8 /see Table 5/. The residual  e te r t i ng  mater ie l  i e  remo- 

ved by ex t rac t ion  w i th  benzene. 

Z end 4-/N-benzoylamino/-5-nitropyridinee are,not formed i n  the react ion of 

proper aminonitropyridinee w i t h  benzoyl h l o r l d e  i n  m aqueoue eo lu t ion  of eo- 
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dium hydroxide o r  i n  anhydrous pyr id ine .  

Amides were no t  ob ta ined  e i t h e r  i n  t h e  r e a c t i o n s  of 2- and 4-amino-Lni t ropyr i -  

d i n e s  w i t h  t r i f l u o r o e c e t i c  anhydride. 

Z/N-Toeylamino/-3-nitropyridine wee ob ta ined  i n  t h e  manner g iven  f o r  i t s  iso-  

mer /eee  Table  5/ du r ing  5h r e f lux .  A f t e r  c r y s t a l l i z a t i o n  from e t h m o l  i t  melts 

a t  153-15b.5~~. 

Z/N-2-P/ridylsmino/-3-nitropyridine wee ob ta ined  by hea t ing  t h e  mixture  of 

2-chloro-3-nitropyridine and Zaminopyr id ine  /molar r e t i o  i : Z/ a t  150°c t i l l  

i t  go t  black.  The product he8 mp 119-i21°c /from ureter/. 4-Chloro-3-nitropyridi-  

ne r e f l u x e d  i n  an e x c e s s  of  concen t re t ed  equeoue s o l u t i o n  of ammonia e f f o r d e  

4-amino-Lni t ropyr id ine .  ZHydrazino-3-nitropyridine was ob ta ined  i n  50% y i e l d  

when hydrazine  hydre te  wee added t o  t h e  m s t h m o l i c  s o l u t i o n  of Zbromo-Lni t ro -  

py r id ine .  

The s u b e t i t u t i o n  o f  c h l o r i n e  by i o d i n e  i n  Z and 4-chloro-3-nitropyridinee 

/ t h e  same c o n d i t i o n s  e e  i n  t h e  r e a c t i o n  2.4-dinitrochlorobenzene-+2,4-dini- 

troiodobenzeneig4/ wee uneucceesful :  t h e  s t e r t i n g  meterials h w e  been recovered. 

Unlike t h e  r e a c t i o n  of 2-bromo-3-nitropyridine and cuprous  cyanide  /eee Table 

3/, t h e  r e s p e c t i v e  4-bromo d e r i v a t i v e  i s  not  a good s t a r t i n g  m a t e r i e l  i n  t h e  

s y n t h e s i s  of 3-nitroieonicotinenitrile i n  OMF o r  wi thout  eolvent .  Perhaps,  i t  

i s  d i f f i c u l t  t o  decompose t h e  formed adduct of  t h e  p roduc t s  of  t h e  reect ionlg5 '  

Ig6. It should be  ee id  t h a t  t h e  p o s i t i o n  of t h e  bromine atom and t h e  presence  

and p o s i t i o n  o f  t h e  n i t r o  group should  not  be  t h e  e x p l a n a t i o n  of t h e  f a i l u r e  of 

t h e  r e a c t i o n  beca r so  t h e  r e s p e c t i v e  n i t r i l e s  a r e  formed i n  s i m i l a r  c o n d i t i o n e  
195 from ~ e t h y l - 4 - b r o m o ~ y r i d i n e ~ ~ ~  and 2.4-dinitrobromobenrene . 

2- and 4-aminopyridines e x i s t  mainly i n  t h e  amino formig7. It i s  neceasery  t o  

use  t h e  more concen t ra t ed  ac id  dur ing  d i a z o t i z a t i o n  because some p ro tons  r e a c t  

wi th  t h e  r i n g  n i t r o g e n  atomis8. As i t  can be  seen from Table  5 t h e  amino group 

i n  aminon i t ropyr id ines  can be  t ransformed i n  t h e  d i scussed  wey t o  any halogen. 

The Zemino  group i n  some methyl s u b s t i t u t e d  amino-3 -n i t rowr id ines  r e a c t s  w i t h  

h y d r o f l u o r i c  ac id  and sodium n i t r i t e  g iv ing ,  e f t e r  a decomposit ion of t h e  fo r -  

med diazonium s a l t ,  r e s p e c t i v e  2 - f luo ro  d e r i v e t i ~ e s ' ~ ~ .  Unfor tunate ly .  i t  wes 

not p o s s i b l e  t o  o b t a i n  Z i o d o - 3 - n i t r o p y r i d i n e  from Z m i n o - 3 - n i t r o p y r i d i n e g e  

/ c o n d i t i o n s  of t h e  r e a c t i o n  were t aken  from t h e  s y n t h e s i s  of Z iodo-5 -n i t ropyr i -  

d i n e  from 2-amin0-5-nitro~~ridine~~~/ and 4-cyano-Lnitropyridineg8 and 4-fluo- 

. o - ~ n i t r o ~ y r i d i n e ~ ~ '  from 4-amino-3-ni t ropyr idm.  The expected e x c e p t i o n a l l y  



high r e e c t i v i t y  of 4 - f luoro-Ln i t ropyr id ine  is,perheps, responsible f o r  the 

d i f f i c u l t i e s  m i t s  obtaining. 

Unl ike 4-n i t ro-Lmethylpyr id ine N-oxide /eee Section 2/ 4-chloro-3-ethylpyridi- 

ne i s  not formed during the deoxygenetion of 4-nitro-3-ethylpyridine N-oxide by 

phosphorus t r i ch lo r i de .  

The syntheses of  3-substituted 4-n i t ropyr id ines mentioned i n  the previous Sec- 

t i ons  ere more compliceted then i t  was stated i n  the o r i g i n e l  pepere. The cor- 

rected proceduree f o r  some o f  them w i l l  be published i n  the neer future. 

The reect ions of nitroemino-3-nitropicolinee wi th  s i l v e r  acetate end copper sul- 

fate /see Table 8/ afford proper n i t rop ico l ine 's  i n  a very low y ie ld.  Instead, 

the decerboxyletion of the respective methylnitropyridinecarboxylic ecide /see 

Table B/ i s  worthy of recommendation. 
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