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SYNTHESIS OF VICINALLY SUBSTITUTED NITROPYRIDINE DERIVATIVES AND THEIR
N«OXIDES
Ryszerd Gawinecki end Denuta Rasste

Institute of Chemistry, Pedagogicel University, 25-020 Kielce, Poland

Abstrect ~ The synthetic methods leading to 4= and 2-~substituted 3-ni-
tropyridines end 3~substituted 4. end 2-nitropyridines are reviewed in

this peper. Their preparative convenience is discussed,

The synthesis of nitropyridines hes been reviewed in the Klingsberg-Abramovitch

3. Only come syntheses of ni=-

monographl'2 and, recently, by the Ruesisan workerse
tropyridines carrying enother substituent in the ortho position to the nitro
group ere mentioned there,

Nitropyridines, including those mentioned sbove, can be obteined by nitretion
of substituted pyridines, substitution in the nitropyridine derivative or
trensformation of that substituent. Every one of these reactions must be follo-
wed by reduction of the oxide function when N-oxide of pyridine derivative was
the starting materiel. Besides, such compounds can be formed during oxidation
of the proper emincpyridine derivetives and pulling out the redundant substitu-
ents in poly=-substituted nitropyridine derivetives.

The title compounds, ss well as corresponding am:l.nopyr‘idines, ere useful inter-

+5

medisates for medi.c::i.rm;l.ei4 and dyess, end starting materials in the synthesie

of heterocyclic compounds such as naphthyridinas7, m«-rrc:\lopyr:I.|:I:|.|'|eeB end pyri-

9,10 11

dodiazines . Some of them ere active as inhibitors in enzymatic resctions ,

1, Nitropyridines by nitrotion of substituted pyridines

The nitration of pyridine itself end some of its alkyl derivatives such ag 2.me-
thylpyridine requires extremely vigoroue conditions and the yields of formed nie

12-16

troderivatives are very low « However, numerous pyridine derivatives react

very easily with nitric acid /eee Tables 1 and 2/,
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1.1, Aminopyridines

The nitration of eminopyridines by a sulfuric acid « nitric acid mixture gives,
17

et firet, nitremine derivetives ', In hot acid 2~ ond 4-nitraminopyridines up-

doergo e reerrangement to 2eemino-3~ &nd =Se-nitropyridines and 4=anino=3=nitro=

17-24

pyridine, respectively « Inetead, under the same conditions 3=nitraninopy=

25,26

ridine gives 3=hydroxypyridine « However, 3=/N-methylnitranino/pyridine in

en acidic medium ie rearreanged to 2-nitro-3-/N-nethylamino/pyr1d1n027.
2=Acetylaminopyridine is deacetylated during ﬂitrationza. but pyridylcerbamates

give products cerrying the nitro group in the ring /see Teble 1/,

1,2, Hydroxypyridines

Hydroxypyridines end pyridones undergo nitration without difficulties /see Ta=
ble 1/, The products of the reection are veri useful starting materials in the
preperation of many other nitropyridine derivetives /see Section 2/, The conve=

nient nitration of 4-hydroxypyr1d1n829 ie noréhy of recommendation,

3.3, Other pyridine derivatives

Also 3-alkoxypyridines end polymethyl substituted pyridines cen be nitrated
/eee Teble 1/, The pulling out of redundent substituents in the products of ni=
tration of the mentioned polymethyl pyridines /see the following Sectioris/ ie a
good method for preparing some nitropicolines,

The nitration-of pyridine N-oxides gives mainly 4-n1:roder1vativeaso. However,
3-hydroxy- end 3-t-butylpyridine N-oxides ere nitrated in the positions 2 end 2

and &, respectively31'34

. Dooxygenetion of obtalned nitropyridine N-oxides
loada to 4wnitropyridines or to the corresponding eminopyridines /see Teble 2/.
These amino compounds can be easily oxidized ;6 proper nitropyridines /eee Sec=
tion 3/. It is possible to obtain 4-nitropyridine from pyridine N-oxide in the
mnixture of sulfuric end nitric acid in 56.6% yieldss.

The nitration of 4-hydroxypyridine N=oxide by nitric ecid in acetic anhydride

leads to 4eacetoxy-3=nitropyridine N-oxide /90%/36.

2, Ring substitution in other nitropyridines

One can expect en easy huclaophilic substitution in nitropyridine derivatives,
It ie the way to prepare many new nitropyridines., The nitro group itself slso
cen be substituted in such reactione: during deoxygenation of 4-nitrow=3«methyle

pyridine Neoxide by phosphorus trichloride in chloroform 4=-chloro=3-methyl de-
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Teble 1, Mononitration® of pyridines

X X
@ — B
a
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X Substituents in 1 References /yield, %/
2-0H 3<NO_=2-0H + 5-NO,~2-~0H 37/85+0/, 38, 39
3-0H 2-NO,~3=0H 31/42/,33/707 ,32
4-0H 3~NO ,=4-0H 40-42,29/70/ ,43/88/ ,44/61/
45/38/,46/87/ ,47/70/
3=OMe 2-HO ,=3-0Me 48,31/43/
3-0Et 2-H02-3-05tb 49/75-80/
4=0Me 3=N0 ,=4-0Me 45/48/ ,50/34/
4=0Et 3aN0 ,=4-~OEt 51/65-70/ ,50/41/
2-NH,, 3=N0,=2=NH,® + 5aND = 2=NH,° 20/20463,1/,21~23,52-55
4=Ni, 4~NH,=3-N0 ,° 17° end 56°
2-NHMe 3-NO ,-2-NHMe® + 5-NO ,=2~NHMe ® 18
3.NHMe 2-NO ,=3-NHMe® 27
4= NHMe 3=NO ,=4-NHMe 19
2-NMe,, 3-NO,=2-NMeo, + 5-NO,~2-NMe, 57/1145%/,58
3-NMe,, 2-NO,=3=NMe,, + 2=NO=3«N/NO/Me 57/8+14/
4=NMe,, 3-NO_~4-NMs,, 57/831/
3-NHCOzEt 2-N02-3-NHCOZEt 59/90/ ,60/60/ ,61
[4=NHCOEt | 3-NO,=4=NHCOEt 62/60/
2=0H-4-Mo 3-N02-2-0H-4-M0 + 5-?02-2;-OH-4-MB 37
2-NH,=4=M8 | 32NO,=2-NH,~4~M6° + 5=NO,~2-NH,=4-Ma® |20/24,2+46,4/,63/25+56/,64,
65
2-NH,=6-M8 | 3=NO,=2~NH =6-M0" + 3-NO, ~6=NH,~2-Me® |66/33+54/,67,68/25.3+58,4/
2,4-Me,, 3=N0,=2,4=M0, + 5=N0,=2,4=Meo, 69
2,6-Ms, 3N0,=2,6=M0,, 70/85/,71/81/ ,16/66/ ,72
2,4,6aM0; | 3-NO,~2,4,6~M0 71/93/,16/90/

8/ Nitreting
concentreated
b/ According
xypyridine,

agents: concentrated or fuming nitric acid or potessium nitrate in

sulfuric acid or oleum.

to ref.”3 the nitration of 3~ethoxypyridine sffords 2-nitro=S-etho-
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Table i, /contd./

¢/ Products formed in & two=step /sometimes one=-pot/ synthesis /see the text/.

d/ The respective steps of the syntheeie /compare note ¢/ are deecribed in tho-

se two papers,

Table 2. Nitration® of pyridine N-oxidee and cieoxygonation

N~oxides

b

of nitropyridine

(?j . %&ma_*@mz v G,

i

2 3 4
2—»3" 3—=lor4
X Subatituents References Deoxi- | Substituents References
in 3 /yield, %/ dizer in 1 or 4 /yleld, %/
H 4-ND,, 74/72/,75,76/63/, | PCl, 4=NO,, 77/79/ ,35/7L/
77/72/ '
H 4-NO, 78/82-85/,79/85=90/| Fo ,AcOH | 4=NH,, 79
I=Me 4=N0 ,=3=Me |e0/76/ ,81/64/ ,82,83 Fe,AéOH 4-NH2-3-MB 80/63/,81/60-70/
3=Me 4-m2-3-Ma 84/70~73/,85 "2/ Pd 4-NH2-3-MB 82/78.5/
I-Me 4=N0 ,~3~Me PCl3 4-N02-3-m 82/65/,86
3=Et 4-m2-3-Et 34 PCl3 4-M)2-3-Et 34
3=i=Pr |4=NO,=3-1-Pr | 34/60/ PCly 4=NO=3-1-Pr |34/79/
3=0H 2=N0 2-:’»-CIH 87/60.5/ Fe ,AcOM 2-NH2-3—OH 87
3-OMe [4-NO,-3-OMe | 88/70-75/ Fe,ACOH | 4-NH=3-0Me | 88/95-100/
3=-0Et 4-N02-3-OEt 89/70=80/ Fo ,AcOH 4~NH2-3~OEt 89
3=F 4=NO y=3=F 90,91 Feso, 4=NH = 3=F 20/84,7/
3-Cl  [4=ND,=3-C1 | 76/84,5/ FO/OH/, | 4=NH,=3-Cl |92
3-8r  |4aNO,=3-Br | 79/40/,93/57.5/ |Fe,AcOH | 4-NH,=3-Br  |79/80/
62/84/
381 4-N02-3-Br 34,76/84,2/ ,94 F6504 4-NH2-3-BI‘ a5
3.3 4=NO ;=33 73/56 .4/ PBry 4=NO =33 96/85.1/
4aNMe, |3-NO,-4-NMe, | 54/27/

a/ See note & in Teble 1,

b/ See also Teble 4,
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rivetive is also fm'medg"gB besides 4-nitro=-3-methylpyridine, The date concer-~
ning the syntheees of nitropyridines and their N-goxides by ring substitution
resctions ere given in Tebles 3 and 4, Numerous 4eeminopyridines cen be easily

oxidized to nitropyridines,

2,1, Hydroxypyridines

Although the equilibrium fevours the pyridone forms of hydroxy-3-nitropyridi-
megg,ioo' the substitution of the hydroxy groups in those compounds by halogen

is very easy /eee Teble 3/.
2,2. Helopyridines

4-Chloro=3~nitropyridine cennot be stored in e pure state for s long time, but

its re acuvitym""

mekes thaet compound the good starting material in the synthe-
ses of 4-cubstituted 3-nitropyridines /ese Tsble 3/,

It should be mentigned thet 3=chloro~, 3=~bromc- and 3-iodo-4-nitropyridines

end their Neoxides exchenge the nitro group in the reaction with emines, potas=
elum hydroxide and sodium alcoholatesmz.

Tables 3 and 4 eshow the poeibilities of the transformetion of halonitropyridines

to other nitropyridine derivetives,

2,3, Other pyridines

As it can be seen from Teble 3 nitroanino end alkoxy groups in nitrosmine end

alkoxyenitropyridines, respectively, can also be substituted by nucleophiles.

3, Nitropyridines by side-chain resctions

Ap it is known, the pyridone and thiopyridone forms of 2+« and 4-XH substituted
3enitropyridines /X = 0, S/ ere the favoured one°99.100,113' The absorpi:ion
spectra show that equilibrium is much shifted towards the amino form of 2- end

162. All those compounds, however, cen be elkylated by

A-amino=3-nitropyridines
alkyl halides et oxygen, sulfur and amino nitrogen atoms, respectively /see Te=
ble 5/.

The emino groups of sminonitropyridines ere resdily ecylated by acetic anhydri-
de /ses Teble 5/, However, in the reaction of 2-/N-methylamino/~3-nitropyridine’
aend that enhydride the sterting meterial was recovoradw.

The reactions of aminonitropyridines in which the amino group is trenefcramed

to the other ones via diazoniuam selts are alsc discussed in the present Section
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Teble 3. Ring eubetitution® in nitropyridines '

Y X !
KE;;NDZ ——————~v|§2§}Nﬂé
Position
X Y of nitro| Notes |References /yield, %/
group
2=0H 2=NHR 3 R a H, Me; 18,103
2-0H 2-C1 3 104/91/,104/89/
2=0H 2-8r 3 105
3=0H 3=F 4 b 102/81,.1/
4 ~0H ll'-Nl'l2 3 56
2=-0Mo 2-Cl 3 106/65/ ,107
3-0Me 3-F 4 b 102/79.5/
4-0Mo 4-Cl 3 47,62,108,109
3-0Et 3=F 4 b 102/89,3/
4=0Et 4.Cl 3 c 40,41,51/75-80/,62
2=0Fh 2-Cl 3 d 110,111
4=0Ph 4-C1 3 43/89/
2-5H 2-8r 3 112747/
2-5H 2-C1 3 103,113
4=5H 4-C1 3 43770/
2-5Me 2-cl 3 114/87.6/
4=SEL 4C1 3 1157100/
2-5Bu=t 2.C1 3 116/28/ ,437/32/ ,118/58/
4=SBu=t 4-C1 3 119/44/
2-5Ph 2.Cl 3 120
4=5Ph 4-C1 3 43
Z-hil-l2 2aF 3 98
3=NH,, 3-F 2 121
3=hH,, 3C1 2 e 121/15/
3-NH, 3-Br 2 ° 121/15/
3-NH,, 3.3 2 o i21/15/
3-NH2 3-0Et 2 i22
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Teble 3. /contd./

3NH,, 3-F 4 b 102/76.6/
4=NH,, 4.Cl 3 40

4=NH, 4.0Et 3 62/98/
2~NHMo 2-C1 3 123/95/,124
3=NHMe 3a0Me 2 125

4aNHMe 4-Cl 3 126/93/,98,124
4~NHMa 4=0Et 3 62/98/
3=NHEt 3uF 4 b 102/86/
4-NHET 4=C), 3 126/89/
4=NHPr=n 4.0Me 3 1277100/
4=~NHBu=~n 4.Cl 3 126

3=NH/CH ,/ ,OM 3uF 4 b 102
4=~NH/CH »/ ,OH 4-Cl 3 126

4=NH/CH o/ JNH,, 4-C1 3 126
4=NH/CH/ ,Ph 4-C1 3 127/78/
3-NHCH_Ph 3aF 2 121
3=NHCH,Ph 33 2 121/15/
4=NHCH_Ph 4-Cl 3 126,128/70/
2+NHCH,,CO Et 2-C1 3 129
4=NHCH,CO ,Et 4=C1 3 44

2-NHC Hy 4~C 2-C1 3 130/47/
A-NHC H, 4~c 4-C1 3 130/60.5/,128/90/
2=NHPh 2-Cl 3 131

2=NHAr 2-C} 3 f 106,131
3-NHPh 3-F 2 121/55/
3~NHPh 2.F 4 b 102/79.2/
4-NHPh 4-C1 k4 132/50/
A=NHAF 4.C1 3 f 1312133
4=NHAP 4.0Me 3 § 106
4=NHCH Ne &£ 4.C1 3 132/31/
2=NHC 10"17-<£ 2-C1 3 130/32/
4-NHC 4 Ho = of 4.C}, 3 130741/
2-NHNH,, 2-Cl 3 134/81/,335/100/
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Table 3, /contd,/

2-NHNH,,
3-NHNH,,
A=NHNH,,
4=NHNH,,
2-NMe,
4~NMe,,
2-N/Me/Ph
2-N/Me/NH,,
3uN/Mo/NH,,
2-N/CH,/
4-N/CH,/
3-N/CH,/ 40
3=N/CHo/ O
3-N/CH,/,0
3=N/CH,/ ,0
2-N/CH,/,0
4=N/CH,/ ,0
2-F

2.C1

2-Cl
4-Cl

4aCL
2-Br
2-Br
2-8r
4-Br
4-8r
2=CN
2=5CN
4=SCN
’ 2-CH/COEt/,
4=CH/COEt/,

2-NHN02
I=F
4-C1
4-NI-INO2
2=Cl
4.CL
2=C]
2=Cl
3~F
2aCl
4=Cl
3=F
3=Cl
3-Br
3-2
2-C1
4-C1
2-C1l
2-0H

2-NHN02
4-0H

4-NHN02
2=0H
z-NHNO2
2;--»NI'!NE!2
4=0H
4-NHN02
2-Br

4=Cl
2=C1
4=C1

W W W NN NN W N W W W W N

N W

LT T B T R T T T R T R T TR TR )

n=2,4,5,6
'n=4,5,6

136/64,3/

137/70~75/

40,135/96/

136/68,3/

114/50/ ,57 ,124

98,124

138

134/84/,116/43/
137/65-70/

124,139

124,139

121

121

121

121740/

139

139

140/76/
103-105,131,141/97/,
107/100/

142717 .4/ ,142/57 .9/
43/82/,133/70-80/ ,41,44
47,108,109,131,143,144
142/58/
114/51,7/,145/54/,104 ,105
142/13.6/

142/58.9/

119/51/
l42/20,2/,142/36 .4/
105

146,147

144

148
149/37/,149/97/ ,119
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Taeble 3. /contd,/

HETEROCYCLES, Vol 26, No 10, 1987

4.CH/CO,Et/ , 4-0Me 3 47
4-CH/COEt/, 4-DEt 3 A1
2-CH/CN/CO_Me 2-Cl 3 150/82/
2-CH/CN/CO,Et 2.cl 3 150/87/
4-CH/CN/COEt 4-C1 3 150/52/
4-CH/Ac/CO Et 4-C1 3 149/96/
4=CH/Ac/, 4-C1 3 149/66/
4=NHC/NH ./ »NH 4-C1 3 151722/
2=NHC_H_COH 2nF 3 152
2=Clad-Me 2a0H=4-Mo 3 153/80/,154/76 .6/ ,64
6=Cl-4-Ma 65=0Had4=Ma 3 64
2~Cl-4-Me + 2-OH-4-Mo +

3 65/60/
+ 6=Cl=d=Ma + 6=0H=4=Mo
6=Cl=2=Mo 6=0H=2-Ma 3 66/87/
6=NHNH ,=2-Mo 6=C1-2-Me 3 66/88/
6~-NHNH = 2-HMe 6=NHNO ;= 2-Mo 3 136/53.5/

8/ To substitute the group Y by X, sodium, potassium end barium hydroxides, hy-
drogen potassiun sulfide, alcohols end thioelcohols, alcoholetes end thioalco=
holstes, halides of phosphorus, potassium fluoride and thiocyanate, cuprous cy-
enide, ammonia derivatives and sodium salts of ethyl end methyl malonete, cye-
noacetate end ecetoacetate end some other reagents were used,

b/ Other 3-halogeno-4-nitropyridines exchange the nitro group in similar condi-
tions,

¢/ The product described erroneously as 4-chloro-3-n1tropyridinesz.

d/ Also the reaction with substituted phenols,

e/ Respective Z.amino=3=helogenopyridines /50=60%/ ere alsc formed,

f/ Ar = substituted phenyls,

g/ Triezolopyridine derivetive /15~-20%/ 1s elsc formed in the reeaction,

h/ 2-Morpholino-3-halogenopyridine is also formed in the resction,

i/ 2eAnino-3enitropyridine /46,.4%/ 1s alsc formed in the resction.

J/ Ethoxynitropyridine was the sterting meteriel /eee note c/.

k/ The reaction of 2«fluoroe3=nitropyridine with eminc acids,
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88.72

Table 4, /contd,/

3-F 3-NHNHC H Mo-p | 4 158/60.8/

3-8r | 3-NMe, 4 159/83.3/ | Fo,AcOH | 4=ND,=3-NMe,, 4=NH=3NMe,, 159/75.6/]
3.F 3-NEt, 4 158/95.5/

3-Br | 3-NEt, 4 159/57.1/

3-F 3-N/CHo/ ¢ 4 91

4-0H |4-Cl 3 141/82/

4=0Ac |4=Cl 3 36

3-8r |3-8r 4 - NO,H,80, | 4-NO,-3-Br 4-NO=3-Br 35/75/
3-COH |3-C0H 4 - Ho/Pd 4-N0 ~3-COH 4-NH=3-COH 97,161
3-8r |s-cH/coEt/, 4 93/91,9/

3-Br | 3-CH/CN/CO,Et 4 93/80,3/

3-Br  |3-CH/Ac/CO,Et 4 93/65,4/

e/ See note & in Table 3.

b/ See also Teble 2.

¢/ 4=Chloro=3-methylpyridine is also formed in the reaction,
d/ It was foun

4102

such reections,

8/ Ar = o=, m= and p=methylphenyls,

that 3=chloro=, 3=bromo-

f/ Reaction of 3«~fluoro=4enitropyridine Neoxides with amino ecids,

and 3-iodo=4=-nitropyridine N-oxidee exchange the nitro group in
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Teble 5. Side-chain reactions in nitropyridines

Y x
Bpo: —— G

Position

X Y g :03;1: ro Reegent Notes l/%;;:;:r:c&;
2-Me 2-CH/CO,Et/,, HCleg 148
P 4=CH/COEt/, 3 HClaq 149/86/,41,
47,119
2~0H 2-0Me 3 HClaq 106
2-0Me 2-0H 3 1/AgNO,2/M8D s |106/18/7
3-0Me 3-0H 2 Me,S0, 125/77-99/
3.0AC 3-0H 2 AcCl 33774/
4-.SH 4.5Et 3 NeOHeq 115
4-SH 4-SCN 3 EtONe 163
2-5Me 2-SH 3 1/NsOHeq , 2/Med 113
4-5Me 4.SH 3 1/NsOHeq,2/Med 113
4.5R 4-SH 3 1/K0Heq,2/RHel b |163
4~SEt 4-5H 3 EtJ 115
4-S0,R 4~5R 3 KMno,, ¢ | 163/30-80/
2-S0,NH,, 2-SH 3 1/HCLaq,Cl,,
2/NH ,OH 164/ <1/
2-sc1 2-5H 3 c1, 165/100/
2-SBr 2~SH 3 Br, 165
2=50Me 2=5C1 3 MeOH ,Et 3N es5/78/,
166/78/
2.S0R 2-5C1 3 ronHd f |16
2-SNRR* 2-5C1 3 R *RNH® f | 165
el 3-NH,, 2 1/HNO 5, 2/Neix 167/78-80/
3-NH,, 3«NHCO Et 2 NeOHaq 60/86/ ,61/57/
2-NHMe 2-NH,, 3 Med 18
3-NHMe 3-N/Me/COEt 2 KOHeq 60/64/
4=NHMe 4-N/Me/002Et 3 KOHaq g |62
2-NHAC 2NH,, 3 Ac,0 168
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Table 5. /contd./

3=NHAC 3-NH,, 2 I)\czo 169/70/
A-NHAC 4=NH,, 3 144
4-NHSOCoH Mep | 4=NH, 3 T:E-.z-secﬁﬁ 450,01 62/98/
2-NHNO 2-NH,, 3 H,S0, ,HNO 136/90.4/,
' 170
3-NHNO,, 3-NH,, 4 H,S0,, ,HNO, 136/52.9/
A=-NHNO,, 4-NH,, 3 H,50,4 ,HNO 5 136/75.5/,56
2=NHNHAC 2=NHNH,, 3 ‘Aczo 134/65/
4=NHNHAC 4=NHNH,, 3 Ac0 151,78/
4-NHCOZM0 4-NHCSOMe 3 KOHeq .H202 171
4~NHCO Et 4=NHCSOEt 3 KOHe2q ,H 0, 171
4=NHCO 2Et 4-NH2 3 Clco zEt 171
2.N/Mo/NHAC 2-N/Me/NH,, 3 Ac 0 134/70/
2-N/Me/NO, 2-NHMe 3 IH280 4 +HNO 18
4=N/Me/NO, 4-NHMe 3 H,S0, HNO 172/26/
3=N/Me/COEt 3=NHCO,Et 2 fuezsu A 60/93/
4-N/Me/CO,Et 4-NHCO ,Et 3 Me,S0, 52
2-NH/CH,/ ,C1 2-N/CHo/ 3 |Hcieq 124
3-F 3-NH, 2 |1/m@F,,EtoND,
'2/140° 121/25/
3-C1 3-NH,, 2 1/HND 5, 3/Cu,Cl., 169/60/,
121/55/
3.Br 3-NH,, 2 1/HNO 5, 2/CuBr, 169/60/,
121/65/
33 3-NH,, 2 1/HNO,, 2/KD 169740/,
121/70/
2~CHO 2-Mo 3 Se0,, 173
2-CHO 2-CH_OH 3 60, 173
3-CHO 3-Cher, 2 AgNO eq 174/80/
4=CHO 4A-Me 3 s00, 175/< 74/
2-COH 2-Mo 3 KMRO,, 71/12/,
153/45/
3-COH 3t 2 |kMno, or H0, 153/42/,176 |
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Table 5, /contd,/
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3-002H

4-002H

2-002249
3—002Me
3-002!“19
3-002!“13
.4-002148

Z-CONHZ
3-CONH2

3-CONH,,
4-CONH,,

3=CN

A4=CN
2-CH?r
2-CHBr2

4-CH2Ac
4-CH2002E1:
Z-GHZNHPh
2—CH2NHAr
'.'»-l‘:l-lBr2
3.CH-C/cozEt/2
2«CH=CHPh
4=CHaCHAr

2=0H=4=Mo

2-0H=4=Mo +
+ G=OH=4~Me
6=0H~2=M8 +
+ 6-Cl=2-Me
6=NHNHSO ,Ph=2-Me
2-CH O0AC4ule +
+ _G-CHZON:J-MB

3-Me
4-Me
2-CoH
3-CO,H
3=CoH
3-00211
4-CoH
2-CoMe
3-CoMe
3-C0 Mo
4-C0 Mo

3-NH2

4-CONH,,
2~Mo

2=Mo
4-CHA62
4-CH/ Ac/CO,Et
2=CH ZB r
a-CHZBr
3=}10

3-CHO

2-Me

A-Me
2-NH,~4=Me

2-NH2-4-M9 +
+ 6-NH2-4-MB

G-NHZ-Z-MB

6-NHNH2-2-MB
2,4-!’\82 +
+ 4 ,E-Me2

N WO N W W R NN W W N

W W W NN W W m W

KMRO,,
KMAO,
CHN,
MeOH , PPAD
CH N,
CHN,

CH N,

NH,OH

NI‘I4

NH 40H

OH

NH, OH
1/HNO,,
2/Cu/CN/,
POs

Br,
Bry
HC1,Et0H
HC1,EtOH
PhNH,,
ArNH,,
nasl
CH,/COEL/,
PhCHO

AFCHO

HN‘C)2

HNO

HC1aq ,NahO,

PhS0,CL
1/AcOH H,0,,
2/Ac0

153/45/,97
153/35/
116/50/
176
169/56/
169/ 28/
119/84/
98
169/85/
169/90/
119/50/

169712/
119/60/
148/31/
148/39/
149/96 .4/
149/86/
148/82/
148

174
174790/
177
177,47
1787100/,
154,77/

65/66/ ,64

66/98+0/,
68/49+29/
65/57/

173
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Table 5. fcontd,/

2-CH,OH=4-Me + 2CHOAC~4=M0 +
3 HClaq 173
+ e.cuzoup4-na + B-CHZOAc-4-Me .
Z-COZHA-MQ + 2-CH20H-4~M8 *
3 KMnO,, 173
+ 6200 Hohuto + 6=CH, 0H=4-Mo : '
200 Hadutts +
2,4-He, 3 KMnO,, 71
+ 400 H-2-Me
6-CO Hn~2-Mo 2,6-He, 3 KMnO,, 71
6=CO Hu2-Me 2,6-Me0, 3 1/560,, 70/31/,
2/KMn0, or HNO3 72/30/
6-C0 2,4~M8, +
2f=2.4-18, 2,4,6=Mo; 3 KMnO,, 71
|+ 4=C0H-2,6-M0,

a8/ NeMethyl=3=nitro-2-pyridone is the main product /59%/ in the resction,

b/ R = Me, Et, n=Pr, i~Pr and other groups.

¢/ R » Me, Et end n-Pr,

d/ various C- and N-hydroxy compoundse,

e/ Secondery emines,

T/ Substituents R end R* are those occuring in the reagent,

‘g/ Overall yield of the reaction =NHCO Et ——s =/Me/COEt—»-NHMe amounts to
65%.

h/ PPA = polyphosphoric acid,

i/ The product of the reaction has mp 46,5-47,0%C and proper ir, nmnr and mass
epectra end correct C, H and N snalyses, Accarding to raf.164 ester melts ot
125%,

3/ mMethyl 4-hydroxynicotinate /56%/ 1s also formed in the reaction.

k/ Ar = substituted phenyls. '

1/ NBS = N~bromosuccinimide.

considering the setep =NH, —=N;, How useful is thet reaction in the preperation
of aitropyridines one cen see from Table 5,

The emino groups in the positions 2 and 4 of the ring of pyridine derivstives

can be eaesily oxidized to the nitro groups /see Teble 6/, Caro scid is & good
oxidizer for 3echloro= and 3-browmo-4-aminopyridines but not for the respective

92 57,179

iodo derivative™ ., Similer reactione of the 3-amino group ere known « How=
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Table 6., Transformetion of emino to nitro group in aminopyridines end their

N-oxides

X X X X
NO A NH B NO Cc NH
2 44— 2 —— 2 4q——r 2

P?s:l.t ion Rof
of amino eferences
X or nitreo Reaction Reagent /yield, %/
group

H 2 A oleum .Hztib2 ig2
H 2 A /NH4/29208.H202,H2304 183/30/
H 3 A oleum,H0, 179/37.9/,184/10/|
H 3 A 1/H;90, . KNO,, 2/Chevreul

salt $KNO, 179/20/
H 3 1/HN02,2/NSF‘,’,Z:/C.U,NaaxMO2 185
H 4 oleua ,H202 182/80/
2=Me 3 1/H280 4 ,KNOZ. 2/Chevreul

selt .NaNOz 66/15/
3=Me 2 oleunm H0, 186/60-68/,176
3=Me 4 oleum .!-Izo2 153/82/
3-Mo 4 A+ 8B oleunm ,H202 97
3=F 4 A oleum .I-I202 102/89/
I=C1 4 A oleum .H202 92/71,.2/
3-Br 4 A oleum.H202 92/85.2/
3—802qu 2 A oleum.l-lzm2 164/31/
3=-SQ NH,, 4 A oleum.l-l202 i64/7/
H 2 c oleum .8202 155/50/
H 3 A+ B |/CFyC0/0,H0, 156/24,2+22,4/
H 3 c JCF 300/ 204H50, 1s56/34/
3-Me 2 c oleum,H 0, 155/55/

ever, the repeating of the synthesis of 3~nitropyridine from 3-aminopyridine

using Cero acid was unsuccesefulga. The required 3-nitropyridines can elsc be

obtained in the resaction of 3-pyridyldiazonium salts with sodium or potassium

nitrite in the presence of cuprous ions supplied by the Chevreul salt /“cupro-

cupri s'-llfite"/es'ng. The synthesis of that cetalyst is well deacribadmo'ial.
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4~Cyenow3~-nitropyridine can be obtained from S-nitroisonicotinamidalig. Dehy-
dretion of 3=-nitroisonicotinaldehyde oxime slso gives the respective nitrilega.
The conditions of that reaction are the same as described for the trensformation
of 2,4=dinitrobenzsaldehyde to 2,4-d1n1trobenzdnitrile /dehydration of oxime by

ecatic anhydrid3187.

The transformetion of 3-n1tro-4-chloropyridinelto 3-nitro-4~mothylpyridine vis
diethyl 4-/3-nitropyridyl/malonate /see Tablaq 3 and 5/ 1s worthy of recammends-
tion. The overall yield of the synthesis amounts to 90%119. The skin irriteting
properties of staring 4-chloro—3-n1tropyr1d1nd ere the serious problem in the
reaction. I

Table 7 contains the informastion concerning thg synthesis of some important

3-gubstituted 4-nitropyridine N-oxides which ore the potentisl source of 3-sub
stituted 4~nitropyridines ‘

Teble 7. Side~chein reections in 3-substituted 4-nitropyridine N-oxides

NO NO
5 2y 2 x
————r—————i
X Y Reagent Referencee /yield, %/

COH Me H,80, ,Na,Cr 0., 122/75/ ,188/56/ ,97
CoMe CoH 1/AgNO 5, 2/Me3 97
CONH,, COM 1/Et 1N, CLO0,Et ,2/NH ,0H 189/65/
CH,COH CH/CO,Et/,, H,50, 93/81/
NHNO,, NH,, H,S0, ,HNO 136/92,3/

4, Pulling out the redundant substituents in poly~substituted nitropyridine de=
rivatives

The excheange of some substituents, e.g. =Cl, -ﬁHNHz. -CDZH. in some poly=substie
tuted nitropyridine derivatives /for their syntheses see Tebles 1, 3 and S/ by
hydrogen sffords some 3-nitropicolines /see Table 8/. Especielly the decarboxy-
lation of proper 3-nitropicolinecarboxylic aci#s is worthy of recommendation.
3-Nitropyridine can be obtained by the oxidetion of the hydrazine groups in 2=,

4= and G6=hydrazino= or 4 ,6=-dihydrezing=3-nitcopyridines by silver acetate 336 or

ollver oxideiss. The reaction of 2«hydreazino=5S-nitropyridine with copper sulfs-
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Teble 8. Synthesis of nitropicolines by pulling out the redundant subetituents

in poly-substituted nitropyridines

% .
Nﬂz NO2
Mo —_> Me A

Position Reaction
n Sﬁoﬁgﬁhyl X conditions References /yield. ¥/
1 4 2-C1 PhCOH,Cu 153/70/
1 4 2-C1 + 6-C1° PhCO_H,Cu 65/44/
1 2 6-Cl PhCOH,Cu 65/33/
1 z 6=NHNH,, Cuso, 66/1520/
1 2 6~NHNHSO ,Ph oHP 65/21/
1 2 4-CoH 280° 71
1 2 6~COH 205-255° 71/97.6/,72,173/85/
i 4 2-C0 H 145° 71
1 4 2-CO,H + 6-COH® 130° 173
2 2,4 6=COH 180-220° 71/86/

8/ The sterting material waes a mixture of 2- and 6echloro=4~methyl-3-nitropyri-
dinos,

b/ The sterting material was & mixture of 4umethyl-3-nitro=2- and =-6-pyridine=-
cerboxylic acids.

te also gives 3-n1tropyr1din019°.

5, Other methods

2-Nitro-3~aninopyridine was obtained by the hydrolysis of N,N’~di/2=nitro=3=py=
r1dy1ureaig1.

3uNitropyridine Neoxide obteined from 3-aminopyridine /oee Teble &6/ cen be
traneforned to e mixture of 2-chloro=3« and ~S=nitropyridines /30 end 8.4%, res-
pectively/ in the reection with phosphorus oxychloridelss. The mentioned Neoxide
can react with acetic anhydr1d3156 giving 2-hydroxy-3-nitropyridine /50%/.
4-Apino=-3=-nitropyridine is formed in the resction of 4-chlorof3-n1tropyr1dina
with potassium thiocyanste in acetic buffor144.

The mixture of 3=nitro-4=-aminopyridine and proper alkyl 4=/3=nitropyridyl/thio~

corbemate is formed in the reaction of 4~/3-nitropyridyl/thiocyenate with ethyl,
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p~ eand iso=propyl and n=butyl alcoholails.

2- and 4~ hyroxymethyl-3-nitropyridine acetates were cbtained in the reaction
of 2~ and 4-méthyl-3-nitropyridine N-oxides with scetic anhydr1d3173. The for=
mer product was hydrolysed in diluted hydrochioric acid to 2-hydroxymethyle3=
nitrnpyridinel73.

Peroxyecetic acid oxidation of 2~ and 4-methyl-3-nitropyridine gives proper py-
ridine Neoxides in 66 and S7% yield, respacti\:ﬂ.yl?s. These compounds can also
be obteined from 3-nitrolutidine N-oxides by decarboxyletion of their oxidation

173. Similer treatment of 2=mothyla3=pitropyridine N=oxide affords 3-ni-

a2

products

tropyridine N-oxide®

6, Complementery remerks

The information presented in this Section is based maeinly on our results not pu=
blished yet, The elementary analyses /C, H and N/ end ir, nmr and msss spectra
of the compounds are in sgreement with the essigned structures,

As it cen be seen from Table 3, tert-butyl thiolate reacts with 2- and 4«chlo-
ro=3=pitropyridine giving the respective 3=nitropyridyl=tert=thicethers. Such
substitution of a chlorine stom by tert-butoxy group does not preceed /starting

193. The sbove mentioned chloronitropyridines also

materiel is being recovered/
react with tert-butylaemine. Thus, refluxing /2h/ the mixture of 2-chloro=3~-ni-
tropyridine end tert-butylamine /moler ratio 1 : 30/ leads to 2«/N=tert-butyl-
anino/~3=nitropyridine /97.5%/, mp 29-31°C /purified by steam followed by vacu=-
un distillstions/, Similerly, 4=chloro«3-nitropyridine refluxed /0.5h/ together
with the seme smine /ratic 1 : 20/ in THF is tranaformed ta 4= /Nmtart=butylow
mino/=3=nitropyridine /72%/, wp 99,5-101,5% /tert-butylanine hydrochloride was
removed from the reaction mixture by filtration, THF eveaporsted end the residue
recrystallized from 50% aqueous ecetone/,

Sowme importent information concerning the reaction of O=, S= e&nd NH=tert-butyl
nucleophiles with halonitroerenes has been publishedigs.
Acetyleminonitropyridines can be easily obtain;d from respective aminonitropyri-
dines, 4«Acetylamino=3-nitropyridine was synthetized in the conditions given

for the other ilsomers ° /908 Teble 5/, The residusl starting materigl 1o remo~
ved by extraction with benzene,

2- end 4-/N-benzoylanino/-3-nitropyridines are,not formed in the reaction of

proper sminonitropyridines with benzoyl chloride in an aquaous solution of 90-
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dium hydroxide or in enhydrous pyridine.

Amides were not obtained either in the reactions of 2- end 4=snino~3e-nitropyri=
dinee with trifluorocecetic anhydride,

2=/N=Tosylaenino/=3=nitropyridine was obtained in the manner given for its iso~-
mer /see Teble 5/ during Sh reflux, After crystallization from ethenol it melts
st 153-154,5%C,

2a/Nu2aPyridylemino/«3«pitropyridine was obtained by heating the mixture of
2-chloro-3-nitropyridine end 2-seminopyridine /moler ratio 1 : 2/ at 150°C t1ll
it got black, The product has mp 119-121°C /from water/, 4=Chloro-3-nitropyridi-
ne refluxed in an excess of concentrated equeous solution of ammonia efforde
Admamino=3=nitropyridine, 2«Hydrezino=3=nitropyridine was obtained in 50% yield
when hydrazine hydrete wes added to the methenclic solution of 2e=bromo=3=nitro=-
pyridine,

The substitution of chlorine by iodine in 2~ and 4=chloro=3-nitropyridinee
/the seme conditions as in the reaction 2,4=dinitrochlorobenzense — 2, 4=dini-
troiodobanzeneig4/ was unsuccessful: the sterting msaterials have been recovered,
Unlike the reection of 2«bromo~3-pitropyridine and cuprous cysnide /see Teble
3/, the respective 4-bromo derivative is not & good starting material in the
synthesis of 3=-nitroisonicotinenitrile in DMF or without eolvent, Perheps, it

is difficult to decompose the formed adduct of the products of the reaction195'

196. It should be seid thet the position of the bromine stom and the presence

and position of the nitro group should not be the explenation of the feilure of

the reaction beceuse the respective nitriles are formed in similar conditions

196 end 2,4-d1n1trobromobenzeneigs.

197

from 2=ethyl=4=bromopyridine
2= and 4-~agminopyridines exist mainly in the amino form . It is necessary to
use the more concentrated acid during diazotization becsuse some protons react

with the ring nitrogen ai:cuu:Lgs

« As it can be seen from Table 5 the amino group
in aminonitropyridines cen be transformed in the discussed wey to aﬁy halogen.

The 2-amino group in some methyl substituted amino-3-nitropyridines reacts with
hydrofluoric acid and sodium nitrite giving, efter a decomposition of the for-

199. Unfortunately, it wes

med diazonium salt, respective 2-fluoro doriveatives
not poesible to obtain 2-ipdo-3-nitropyridine from 2-emino-3-nitropyridine9®

/conditions of the reaction were teken from the synthasis_of 2=1gdo=Snitropyri=~
dipe from Z-amino-s-uitropyridinezoo/ and hwmo-s-nitropyridinega and 4.fluo-

'o-3—n1tropyr1din&2°1 from 4-emino=3-nitropyridine, The expected exceptionally
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high reactivity of 4=fluoro-3-nitropyridine is, perheps, responsible for the
difficulties in its obtaining,
Unlike 4~nitro~3-methylpyridine N-oxide /see Section 2/ 4-chloro=3-ethylpyridi-
ne is not formed during the deoxygensation of 4=nitro=3«ethylpyridine N~oxide by
phosphorus trichloride,

The syntheses of 3-substituted 4-nitropyridines mentioned in the previous Sec=-
tione are more compliceted then it was atatediﬁn the originel pepers, The cor-
rected procedures for some of them will be published in the near future,

The reactions of nitroamino=3-nitropicolines with eilver acetate end copper sule
fate /eee Table 8/ afford proper nitropicolines in @ very low yield, Instead,
the decarboxylation of the respective methylnitropyridinecarboxylic ecids /see

Taeble B8/ is worthy of recommendation,
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