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Advances in the Chemistry of α,α'-Disubstituted Pyridines

L.N.Yakhontov and D.M.Krasnokutskaya

The methods of synthesis of α,α'-disubstituted pyridines are surveyed and recent advances in this field are indicated.
Various ways of constructing the α,α'-disubstituted pyridine ring and of replacing one set of α,α'-substituents by another
are described. The characteristics of the chemical behaviour of α,α'-disubstituted pyridines due to the steric and
inductive effects of the substituents and their influence on the reactivity of the nitrogen atom and processes involving
electrophilic substitution in the pyridine ring are examined. The chemical behaviour of the various functional groups
in pyridine systems with α,α'-substituents as well as the characteristic features of the tautomerism and the dual reactivity
of substances of this class are discussed.
The bibliography includes 254 references.
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I. I N T R O D U C T I O N

The introduction of α,α'-substituents into nitrogen-contain-
ing heteroaromatic compounds alters significantly their chem-
ical properties. Together with the usual inductive and meso-
meric effects of the substituents in aromatic systems, their
influence on the ring heteroatom is in this case manifested
and frequently becomes of primary importance.

The mechanism of this influence has been by no means com-
pletely ', Testigated and according to many authors is not
restricted to steric and inductive factors but includes addi-
tional effects characterised by different investigators as
"effects of the proximity to the heteroatom", "the effect of
the mutual influence of atoms transmitted through space and
not through bonds", "the field effect", etc. The physical
significance of these effects is not adequately clear but in one
way or another the nature of the heterocyclic nitrogen atom
changes markedly under the influence of α,α'-substituents.
In many cases its nucleophilic properties and its capacity for
protonation, complex formation, and solvation are significantly
suppressed. This frequently leads to the loss of specificity
in the chemical behaviour of the compounds as nitrogen
heterocycles and to the appearance of properties typical for
aromatic systems without a heteroatom.

It is noteworthy that the effects of α,α'-substituents in
various chemical reactions can be extremely varied. These
include the destabilisation of the intermediate carbanions, the
ease of chelate formation with the interacting reagents, the
suppression of processes proceeding via "conjugate acids",
etc. The nature of the mutual influence of the a- and
α'-substituents transmitted through the ring heteroatom is
complex and to a large extent still remains uninvestigated.

So far as we are aware, there are no reviews in the litera-
ture dealing with the influence of α,α'-substituents on the
properties of azine systems. The aim of the present review
is an attempt to fill this gap to some extent and to survey the
available information for the simplest case of α,α'-disubsti-
tuted nitrogen-containing heterocycles, namely α,α'-disub-
stituted pyridines. The review surveys also the methods of
synthesis of α,α'-disubstituted pyridines described in numer-
ous scattered articles and reviews devoted to specific
problems and the advances achieved in this field in recent
years.

I I . METHODS OF SYNTHESIS OF α,α'-DISUBSTITUTED
PYRIDINES

α,α'-Disubstituted pyridines can be obtained by various
methods:

(1) By constructing the pyridine ring from aliphatic com-
pounds.

(2) By converting a wide variety of cyclic non-pyridine
compounds into α,α'-disubstituted pyridines.

(3) By replacing one set of substituents in α,α'-disubsti-
tuted pyridines by another.

The methods of synthesis of new compounds involving a
change in the nature of the substituents only in the β-, β'-,
or γ-positions of the pyridine ring and not involving the
α,α'-substituents constitute a special group, which will not
be discussed in this review.

1. Synthesis of α,α'-Disubstituted Pyridines from Aliphatic
Compounds

The classical method of synthesising α,α'-disubstituted
pyridines with alkyl or aryl residues is the Chichibabin
reaction, widely used in the pyridine chemistry and based on
the condensation (usually in the gase phase) of ammonia with
ketones, aldehydes, nitriles, acetylene derivatives, or their
mixtures1 '2. A series of 2,4,6-triarylpyridines have been
synthesised by this method from aromatic aldehydes, aryl
methyl ketones, and ammonium acetate3. The Chichibabin
reaction is used also on an industrial scale to obtain synthe-
tic 2,6-dimethylpyridine (2,6-lutidine) via the mechanism1*

2CH 3COCH 3+ HCHO + NH 3

CH,

The synthesis of α,α'-dialkylpyridines by the interaction
of aliphatic ketones with ammonia in the gas phase on a
platinum catalyst has been recently reported 5.

A number of 6-alkyl(aryl)-2-methylpyridines have been
obtained by the condensation of vinylacetylenic alcohols
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with ammonia1:

Τ
R - C H . - C - C E C - C H - C H . + NH,

c«
-Υ)

D A M / \ CH,

A mixture of the corresponding ketone with vinylacetylene
can also be used in the reaction with ammonia.

The reaction of unsaturated imino-compounds with chromium
and aluminium salts has been used to obtain 4-ethyl-2,6-
dimethylpyridine and its analogues via the mechanism6

R

R'RT-C (R) CH-NC (CH,)t

2,4,6-Triarylpyridines are obtained by Reddelin's method
involving the condensation of acetophenone with benzylamines
in the presence of traces of hydrogen bromide7'6:

Ar'

2ArCOCH, + H,NCH,Ar' •

Re fluxing of diphenylbutadiyne with benzylamine leads to
2,3,6-triphenylpyridine9:

C.H,

DC
The Hantzsch reaction10, involving the cyclocondensation

of β-ketoesters with aldehydes and ammonia and subsequent
oxidation of the 1,4-dihydropyridine derivatives formed, is of
practical importance in the synthesis of α,α' -disubstituted
pyridines:

Κ ν /ti

X .COOR
ROOC-,/V

8ROQCCHiCOR' + RTHO + NH,-> II

Many modifications of Hantzsch's method are known.
Instead of ammonia, ammonium acetate, formamide, urotro-
pine, and more rarely primary amines are introduced into
the reaction. Together with acetoacetic esters, the esters
of cyanoacetic and malonic acids and their various derivatives
are used as the carbonyl components: enol acetals, enol
esters, iminoethere, etc. In many instances, particularly in
the synthesis of asymmetric compounds, it is convenient to
begin with α,β-unsaturated ketones, which are intermediates
in the Hantzsch reaction formed on condensation of aldehydes
with 8-dicarbonyl compounds or from substances of analogous
structure: methylene aldehydes, methylene ketimines and
esters, acetylenic amidines11, β-chlorovinyl ketones12, etc.
Another possible intermediate in the Hantzsch synthesis—
β-aminocrotonic ester or substance of analogous structure
(enaminoketones, enaminonitriles, etc.)—are frequently used

as second components in these reactions10'11:

of
R'

/
H,N V /NN/V

One of the variants of the Hantzsch synthesis is the
Meyer-Mohr reaction13, involving the cyclocondensation of
aldehydes or ketones with enaminonitriles obtained on inter-
action of various nitriles with acetonitrile in the presence of
strong bases:

R-C-NH,
II

HC—CN
R-CH.-CN+ CH.CN-

1
Η

Another variant consists of the condensation of β-amino-
crotonic ester with 1,3-enynylamines11·, sodioformylacetone,
the acetal of ethoxycrotonaldehyde, or a-ethynylcarbonyl
compounds15.

The isolation of the intermediate product of the condensa-
tion of acetoacetic ester with an aldehyde (a derivatives of a
1,5-diketone) and its treatment with hydroxylamine consti-
tute a modification of the initial Hantzsch synthesis253:

2ROOCCH,COR' + R'CHO - ROOC-i HC-COOR
ΝΗ,ΟΗ

R'-C=O O=C-R'

R*

ROOC Jv COOR

./>N

The direct cyclisation of 1,5-diketones and their oxitnes or
imines has also been described1'11'16.

The synthesis of α,α'-disubstituted pyridines from N-acet-
onylpyridinium salts, unsaturated ketones, and ammonium
acetate via 1,5-dicarbonyl compounds, proposed by Krohnke,
1 7 · 1 8 is of considerable preparative interest:

RCOCHS - RCOCH,Br

Br-

RCOCH,N

R"

Br-

C N—CH CH,
x — ' J I

R-CO OC-R'

-R'

Certain α,α'-disubstituted pyridines have also been
obtained by the reaction of nitriles with dienes19 or acet-
ylenes20:

R

CHsCH=CH—C(R)=CH,+ R'CN

R

2RCsCH+R'CN -*
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or of 1,3-di-imines with acetylenedicarboxylate esters21:
HsQ,—C=N—R' COOR" C e H 6 s

malonic esters35:

R"—CH

R " — C = N H

A
c
COOR"

«vv COOR"

by the cyclisation of secondary carboxamides involving
cautious heating in hexamethylphosphoramide22:

RCHaCONHCH (R') CH2R" -»

ΟΡΟ [Ν (CH 3) 2], -~OPO[N(CH3)2]2 1 •

R'CH2C=NCH (R') CH2R" RCH2C+=NCH (R')

CH2R" -

or by the condensation of α-bromoesters with γ-alkoxy-
carbonylnitriles under the conditions of the Reformatzky
reaction23:

H5C2OOC-C

CH3

I

Br
I

CH,

CH,

-COOC.H».

CH,

A method of synthesis of 6-substituted 2-pyridones, which
follows directly from the Hantzsch reaction, is based on the
condensation of the derivatives of malonic ester or molono-
nitrile with enamines21*"28 and also of cyanoacetic ester with
a, β-un saturated ketones and aminoacetate29:

R

RCH=CHCOR' + NC—CH 2COOC 2H 5+ CH,COONH4

of cyanoacrylic esters with ketones30:

R'CH=C (CN) COOC2H5 + RCOCH3

, -CN

R / \ N / \ 0

Η

or of β-ketoesters with trichloroacrylonitrile31:
ci

CH,COCH (R) COOC2H6 + Cl aC=C (C!) CN -

When enaminoesters react with propiolic acid esters, dien-
amines, which are also capable of cyclising to 6-substituted
2-pyridones, are formed readily32:

•HTC— COOC,H5 CH
Hi ^ ' + A]\ „

fl—C-^NHB t C— COOR
B—C—NHR1

The condensation of α,β-unsaturated ketones or the cor-
responding products of the Mannich reaction with N-car-
bamoylmethylpyridinium salts also leads to 6-substituted
2-pyridones33:

R-COCH2CH2N (CH,)

OH
H.C-CH,

C=NH

R'CO

+ CH—R -»

R'=CI o r Cl,C,H,0

Another way of synthesising 6-substituted 2-pyridones con-
taining in addition a hydroxy-group in the 4-position consists
in the condensation of thioamides with diketen36:

H,C=C—CH,

RCSNH.+ I I
O — C = O

The cyclocondensation of cyanothioacetamide with acetyl-
acetone yielded 3-cyano-4,6-dimethyl-2-pyridinethione:

CH3

NCCH,CSNH,+ CH,COCH,COCHS

while the condensation of acetylenic compounds with alde-
hydes and nitriles gave rise to 3,6-disubstituted 2-pyri-
dones37:

R"C=CH + R'CH,CHO + XCN

R Η

By analogy with the cyclisation of 1,5-diketones discussed
above, the interaction of 5-oxoalkenecarboxylic acids or
their derivatives (amines, nitriles, etc.) with ammonia or
primary amines also leads to the formation of 2,6-disubsti-
tuted pyridines—in the given instance 6-substituted
2-pyridones11:

RCOCHdCHiCHjCOOCH,

The methods of synthesis of 6-substituted 2-pyridones by
the cyclisation of 2,4-pentadienamides with lithium chloro-
palladate(II) in acetonitrile in the presence of triethylamine38,
i.e.

RCH=-CH-CH=-CH-CONH1 — R-CH-—CH C H ^

^)Pd . . . Η,Ν-CO

and the Dieckmann cyclisation of certain Ν-substituted amides
via the mechanism11

/ C N

HC CH,

C

NH,
I
\

R-C

The 2-pyridones are likewise obtained when propiophenone-
imine interacts with monosubstituted malonyl chlorides31f or occupy a special place.
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Th· most general and most widely used method of synthesis
of α,α'-dihydroxypyridines is the Guareechi-Thorpe reac-
tion 1 1 '"^ 0, which is based on the oyoloeondensatkm of cyano-
aoetio and ο-alkylaoetoaoetio esters with ammonia:

NOCHiCOOR' + CH.COCH (R) COOR' + NH,

The corresponding amides are frequently used in this reaction
instead of esters. The alkyl substituent R may contain dif-
ferent functional groups and multiple bonds. The cyclo-
oondensatlon is usually carried out in water at room temper-
ature, but reactions without a solvent or in non-aqueous
media have also been described39, α,β-ϋηsaturated carbonyl
compounds have been used instead of aoetoacetic ester or
amide11. Cyolooondensation with oyanoaoetic ester or cyano-
acetamide is oarried out in this case in the presence of
alkali metal alkoxides. One of the variants of the synthesis
involves the interaction of cyanoacetic ester with aldehydes
and ammonia, whereupon α,β-unsaturated carbonyl deriva-
tives are formed as intermediates as a result of the reaction
of the aldehydes with cyanoacetic ester.

The oyclocondensatlon of phenylpropiolic ester with amides
leads to 3,4-disubstituted 2,6-dihydroxypyridines"1·"2:

C.H,

C,H,C-CCOOC,H, + RCH,CONH, -»

that of malonio ester with malonodiamide in the presence of
sodium methoxide produces 3-carbamoy 1-2,4,6-trihydroxy-
pyridine"8:

OH

Α/°°ΝΗ·
CH, (COOC.H,), + CH, (CONH,),

and that of substituted malonic ester with trichloroacrylo-
nitrile under the influence of potassium t-butoxide results in
the formation of 3-substituted 4,5-diehloro-2,6-dihydroxy-
pyridines"*:

, + CI.C-C (Cl) CN •*

The Gattermann-Skitta reaction, involving the formation of
2,6-dihydroxypyridines by the cyclocondensation of sodio-
malonic ester with dichloromethylamine, is a variant of the
Hantzsch synthesis28":

ROOC
\/V

COOR

SNaCH (COOR),+ H.NCHCI, -•

Different variants of the cydisation of glutaric acid and
its substituted derivatives are widely used for the synthesis
of α,α'-dihydroxypyridines. β-Οχο-, 3-hydroxy-, and
β-imino-derivatives of glutaric acid as well as substituted
β-carboxy-β-hydroxyglutaric (citric) acid are most often
used for this purpose11. An example is provided by the syn-
thesis of 2,6-dihydroxyisonicotinic (citrazinic) acid from
citric acid and its conversion into isonicotinic acid (the
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method has found industrial application)1*5:
COOH

HOOCCHiC (OH) (COOH) CH£OOH -*

as well as the cyclisation with ammonia of β-oxoglutaric
(acetonedicarboxylic) acid, its esters, or mononitrile11:

HOO0CH,COCH,COOH + NH, - ROOCCH,COCH,CN

Aryl isothiocyanates or aryl isocyanates have also been
used as nitrogen-containing components in these reactions"6.

The reactions of methylenebiscyanoacetic esters1 1 and
pentachloropentadienonltrile"7 with alkali metal oxides as well
as the Interaction of acid ct-methylene derivatives with sym-
metrical triazine"8 have been used for the closure of a
pyridine ring containing 2-alkoxy-6-hydroxy(alkoxy) sub-
stituents:

CH,[CH(CN)COOCA]

C1,C-CC1-CC1-.CC1-CN

NC-•/'X-COOCH,

.C(CN)-C(OC,H0-NH
-• HC . HCI

NC-/N|-CN

1̂  J-OC.H,.

The most general method of synthesis of 2-alkoxy-6-amino-
pyridines, based on the closure of the pyridine ring, is the
condensation of substituted methylenemalonodinitriles with
alkali metal alkoxides"9'52:

RCH-C(CN),

The reactions of acetoacetic or malonic esters with meth-
ylene amidines, methyleneimidates, and 5-aminopyrazolones53,
the cyclisation of acetonedicarboxylic ester with ammonia5",
and the condensation of acetylenic compounds with cyan-
amide20 are used for these purposes.

Malonodinitrile has been widely used in recent years in the
synthesis of 6-substituted 2-aminopyridines55; the condensa-
tion of the dinitrile with methyl ketones in the presence of an
excess of ammonium acetate leads to 6-alkyl-2-aminopyri-
dines 5 6 · 5 7 :

NH,

NCv

ΊCH.COR + 2CH, (CN),

,R/VN/\NH,
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The reaction with unsaturated ketones proceeds in a some-
what different manner56 via the mechanism

RCH=CHCOR' + CH, (CN),

N N—CN

The condensation of 1,1,3,3-tetracyanopropene with
methylisothiourea leads to substituted 2-amino-6-methyl-
thiopyridine68:

N C \/-y C N
(NC),C=CHCH(CN),

Under the influence of zinc chloride, malonodinitrile tri-
merises55:

CN

N C \ / \ / C N

3CH, (CN),

Substituted 2-amino-6-methylpyridine has been obtained by
the condensation of ethyl α-hydroxymethylenemethyl ketone
with monoiminomalonic ester5 8:

H s C \ / \ / C 0 0 C i H | >

| j
HaC^N/^

The interaction of enamines with methoxymethylenemalono-
dinitrile and treatment of the intermediate dienamines with
hydrogen halides instead of ammonia made it possible to
obtain 6-substituted 2-halogenopyridines60. Analogous
compounds are also formed on cyclisation of the nitriles or
esters of 6-aminocinnamic and $-aminocrotonic acids in the
presence of hydrogen halides70'71:

R
NC

\ /

RC (NH,)=CHCN

2-Halogeno-6-hydroxypyridines have been synthesised by
the condensation of malonyl chloride with nitriles71:

The analogous 6-aryl derivatives are formed on condensa-
tion of ω-cyanoacetophenones with secondary amines59:

OH

Ar

ArCOCH,CN+R,NH

while 6-alkyl derivatives are formed when enamines interact
with methoxymethylenemalonodinitrile via intermediate dien-
amines6= 60.

R'-QI

η /
R'_C-N

+
CH3O-CH

ii

NC-C—CN

R'_C-CH=C (CN), R'

1
R'-C—Ν

The reactions of 3-hydroxyglutarodinitrile with primary
and secondary amines lead to substituted α,α'-diaminopyri-
dines61. The use of anhydrous hydrogen bromide or iodide
in analogous processes makes it possible to obtain high
yields of 2-amino-6-halogenopyridines62'63:

NCCH.CR (OH) CH.CN

X=Br or I .

Both possible 2,6-disubstituted isomers are obtained from
asymmetric starting materials61*. Instead of the hydroxy-
derivative, the corresponding unsaturated dinitrile can be
used in the reaction65. Substituted 2-amino-6-chloropyri-
dines have been obtained by the interaction of cyanoacetyl-
dialkylamines with phosphoryl chloride66 and also by treating
malonodinitrile67, 1,1,3,3-tetracyanopropene, or 2-cyano-
methyl-1,1,3,3-tetracyanopropene63 with hydrogen halides:

2NCCH,CONRR'

CH,CN

NRR'

CN

CH, (CN), (NC),C=C (CH.CN) · CH (CN),

RCN + CH, (COCI),

Another method of synthesising compounds of this type
consists in the cyclisation of the chlorides of unsaturated
γ-cyanoacids under the influence of hydrogen halides72:

NCCH=C(R)CH£OC1

6-Alkoxy-2-halogenopyridines are formed on cyclisation of
perchloropentadienonitrile under the influence of a Grignard
reagent 7 3 .

The reaction of glutaramides and glutarimides with phos-
phorus halides and subsequent aromatisation of the cycl ic
halogeno-derivatives 7 1 | ' 7 S as well as the dimerisation of acrylo-
nitrile, the halogenation of the dimer, the cyclisation of the
product, and treatment of the subst ituted glutarimide with
phosphoric acid hal ides 7 6 have been used to obtain 2,6-di-
halogenopyridines:

CH,=C (CN) CH£H,CN -* XCH,CX (CN) CH,CX,CN -•
X \ / \ / X

χ/| \:?,? -|

2. The Synthesis of α,α'-Disubstituted Pyridines from Other
Cyclic Compounds

Methods based on the conversion of various non-pyridine
cyclic systems into pyridine systems have played an impor-
tant role in the synthesis of α,α'-disubstituted pyridines.

6-Substituted 2-methylpyridines have been obtained77 in
low yields by heating cyclohexanones with ammonia or ammo-
nium chloride under pressure at 250 °C.7 7 It was assumed
that the process proceeds via the intermediate formation of
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enamines derived from 1,5-dicarbonyl compounds:

R'
!

-CH3
R / \ N / \ C H 3 _

The synthesis of α,α'-dihydroxypyridines (derivatives of
glutaconimide) by the oxidation of the corresponding glutar-
imides has been described 1 1 :

R"\

High yields have been achieved in the Diels—Alder conden-
sation of tetraphenylcyclopentadienone with nitr i les 7 8 :

QH5

+ RCN Λ λ

6-Hydroxypicolinic acid has been obtained from 2,5-dicar-
boxy-2,5-dihydrofuran on heating to 160 °C with aqueous
ammonia and ammonium bromide7 9. The reactions of 5-chloro-
methyl- and 5-ethoxymethyl-furfurals with aqueous ammonium
chloride result in the formation under the same conditions of
2,3-dihydroxy-6-methylpyridine together with other products,
while 5-substituted 2-acetylfurans are converted into 2,6-di-
substituted 3-hydroxypyridines 8 0 " 8 2 :
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α,α'-Disubstituted pyridines have been synthesised from
isoxazoles by catalytic hydrogenation via the mechanism81*'85

CH,

O + R

R=CH,, OC,H5

ο
II Ο

ROC-/\-COCH8

HaC-L . J-CH,

The transformations of the corresponding six-membered
oxygen-containing heterocycles occupy a definite place in
the synthesis of α,α'-disubstituted pyridines. For example,
6-substituted α-pyrones, obtained by the reaction of malonyl
chloride with isocyanates, are converted by treatment with
ammonia or amines into the corresponding 6-substituted
2-hydroxypyridines11'86. Reactions of this type have been
examined in a review87:

R R
R\y\/R' R\ A. R̂'

I
R'"

α,α'-Disubstituted γ-pyrones of the type of chelidonic acid
are converted into α,α'-disubstituted γ-pyridones (deriva-
tives of chelidamic acid) on treatment with ammonia or
aminac °° ·

s / "

HOOC-I J-COOH

Π -

Η,Ο,ΟΗ,Ο N D / N S C H O —

OH

The azadiene condensation of substituted oxazoles with
dienophiles (the Kondrat'eva reaction), discovered at the
end of the 1950's, constitutes an interesting method of syn-
thesis of α,α'-disubstituted pyridines83:

α,α'-Dihalogeno-γ-pyrones give rise similarly to α,α'-di-
halogeno-γ-pyridones89.

Numerous 2,6-disubstituted pyridines [including 2,6-di(t-
butyDpyridines, which are difficult to obtain by other
methods90] have been synthesised by the reaction of 2,6-di-
substituted pyrylium salts with ammonia or amines91"93:

R / \ N

x-

A group of methods is based on the use of oxazine and
diazine derivatives as starting materials. These include the
pyrolytic cleavage of 6-hydroxy-6H-l,3-oxazines91*:
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on interaction with ynamines and keten O,N-acetals95:

Ν (C,H6),

CH,C=GN(C,H.),
R'

R'-L J=O

R'-

Ν (CH3),

CH,=C(OC,H,)N(CH,),

and also the reactions of 2-aryl(alkyl)-4-hydroxy-4//-l,3-
oxazines with β-dicarbonyl or β-cyanocarbonyl compounds96:

R'

Η Ν Λ Ο ,-X

Η

X, Y=CN ΟΓ COR"

The Diels—Alder condensation of 1-diethylaminopropyne
with pyrazine9 7 and pyridazine9 8 derivatives, i .e.

ΐ _̂
c —
IIIIII
c

R'-L· .>-R'"

n.

R ' - l ^ ^ - N ( C t H s ) ,
Ν

and the rearrangements of 4-substituted pyrimidines and
their quaternary derivatives under the influence of nucleo-
philes 9 9 " 1 0 1 , i .e.

belong to the same group.

3. Methods of Transforming α,α'-Substituents in the

Pyriding Ring

Reactions involving the classical transformation of one set
of α,α'-substituents in pyridine structures into another
occupy an important place in the synthesis of α,α'-disubsti-
tuted pyridines 1 ' 1 1.

571

2,6-Dihydroxypyridines are obtained by the hydrolysis of
2,6-diamino, 2,6-dihalogeno-, or 2,6-dialkoxy-pyridines;
6-chloro-2-hydroxypyridines are synthesised by the diazot-
isation of 2-amino-6-chloropyridine and by the hydrolysis of
2,6-dichloro- or 2-alkoxy-6-chloro-pyridines. 2,6-Dialkoxy-
pyridines are synthesised by the reaction of 2,6-dihalogeno-
pyridines with alkali metal alkoxides1 0 2 or by the alkylation
of 2,6-dihydroxypyridines1 0 3. Under milder conditions,
2,6-dihalogenopyridines react with alkali metal alkoxides to
form 6-alkoxy- 2-halogenopyridines.

2,6-Dihalogenopyridines are obtained by the reaction of
the corresponding 2,6-dihydroxy-derivatives with phosphoric
acid halides or hydrogen halides, by the direct halogenation
of pyridine bases, their N-oxides, or carboxylic acids1 0 1*'1 0 5,
by the substitution of one halogen by another on interaction
with hydrogen halides or their salts 1 0 6 ' 1 0 7 , by the arrange-
ment of 2-chloropyridine Ν-oxide on interaction with phos-
phoryl chloride1 0 8, and by the replacement of nitro-groups
by a halogen in the reaction with hydrogen halides.

The reactions of various α,α'-disubstituted pyridines with
hydroxy- or halogeno-groups as substituents with P2S5

yielded α,α'-dimercaptopyridines109.
2-Amino-6-halogenopyridines have been synthesised from

2,6-dihalogenopyridines by the substitution of one halogen
by an amino- group and from 2-amino-6-hydroxypyridine by
the substitution of the hydroxy-group by a halogen; 2,6-
diaminepyridines have been synthesised by the correspond-
ing reactions of 2,6-dihalogenopyridines or 6-alkoxy-2-
chloropyridines, by the direct Chichibabin amination of
pyridines 1 1 0, or from dipicolinic acid via the Curtius or
Hofmann reactions 1 1 1.

6-Alkoxy-2-aminopyridines are obtained by substituting the
halogen by an amino-group in 6-alkoxy-2-halogenopyridines;
2-amino-6-nitropyridines are synthesised by the substitution
of the bromine atom by the amino-group in 2-bromo-6-nitro-
pyridines; 2-amino-6-hydroxypyridines are obtained by the
Chichibabin reaction from α-pyridone or by the hydrolysis of
2,6-diaminopyridine. An interesting instance of the direct
amination of 3-azido-2-nitropyridine with formation of a
6-amino-2-nitropyridine derivative and of 2,3,6-triamino-
pyridine from the latter has been described recently 1 1 2 .

Direct nitration of pyridine in the α,α'-positions with
formation of the 2,6-dinitro-derivatives is possible only in
the presence of a strong electron-donating substituent such
as an alkoxy-group in the β-position113. 3-Methoxy (or
hydroxy)-6-methylpyridines are converted on nitration into
3-methoxy(or hydroxy)-6-methyl-2-nitropyridines111*; the
nitration of 3-hydroxy-2-nitropyridine leads to 2,6-dinitro-
and 3-hydroxy-2,4,6-trinitropyridine115. Kinetic studies
have shown that the nitration process involves in these
instances the protonated form and that the partial nitration
rate constants are 4 χ 10~10 for the 2-position and 1 χ ΙΟ"11

for the 6-position in the 3-methoxypyridinium cation 1 1 6. The
halogenation of 3-alkoxy(or hydroxy)pyridines leads similarly
to 2,6-dihalogeno-derivatives113'117, aminomethylation gives
rise to 3-alkoxy(hydroxy)-2,6-di(aminomethyl)pyridines113'
1 1 8 ' 1 1 9 , and hydroxymethylation leads to 3-alkoxy-2,6-di-
(hydroxymethyl)pyridines1 1 3.

The aminomethylation of 3-hydroxypyridines containing
alkyl, alkoxy-, hydroxy-, or nitro-groups in the 2-position,
takes place in the 6-position113»120~121< and the hydroxymethyl-
ation of 3-hydroxy-6-methylpyridine involves the 2-position
123,125. 5-hydroxypicolinic acid is converted as a result of an
analogous reaction into 5-hydroxy-6-hydroxymethylpicolinic
acid 1 2 6 . The azo-coupling of 2,3-dihydroxy-3-ethoxy-2-
methoxy-, or 2,5-dihydroxy-pyridines involves the 6-posi-
tion 1 2 7 .
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Methods of synthesis of 2,6-di(hydroxymethyl)pyridine
from 2,6-lutidine via 2,6-diformylpyridine128~130 or its
N-oxide1 3 1, via 2,6-di(chloromethyl)pyridine132 and 2,6-di-
cyanopyridine1 3 3, and also on the basis of the Bockelheide
reaction repeated twice131* or the oxidation of 2,6-lutidine to
dipicolinic acid with reduction of the esters of the latter by
complex metal hydrides have been recommended135.

2,6-Di(bromomethyl)pyridine has been obtained from 2,6-
di(hydroxymethyl)pyridine1 3 6 and also by the direct radical
bromination of 2,6-lutidine137. 2,6-Diformyl pyridine has
been synthesied by the catalytic oxidation of 2,6-lutidine1 2 8 '
130,138_ 6-Formylpicolinic acid has been obtained similarly
from 6-methylpicolinic acid1 1.

The Claisen condensation of dipicolinic ester with ethyl
acetate has been used to synthesise 2,6-diacetylpyridine139,
while 2,6-dibenzoylpyridine has been obtained by the
Friedel—Crafts condensation of dipicolinic acid dichloride
with benzene1 1. 2,6-Diacylpyridines have been reduced by
the Kishner method to 2,6-dialkylpyridines11*0.

The reaction of pyridine N-oxide with phenylmagnesium
bromide gave a low yield of 2,6-diphenylpyridine together
with 2-phenylpyridine11. The synthesis of 2,6-dicyanopyri-
dine from 2,6-dibromopyridine and copper cyanide has been
described1 1·1.

Potassium permanganate11*2, selenium dioxide or its com-
plexes11*3, nitrogen oxides in the presence of selenium
dioxide11*1*, sodium dichromate and chromic anhydride11*5 have
been used as oxidants for the conversion of 2,6-lutidine into
6-methylpicolinic and dipicolinic acids. Dipicolinic acid has
also been obtained by the carboxylation of pyridine 1 4 6 or
picolinic acid11*7 and by the oxidative ammonolysis of 2,6-
lutidine11*8'11*9 with subsequent hydrolysis of 2,6-dicyanopyri-
dine 1 5 0 .

I I I . CHEMICAL CHARACTERISTICS OF α,α'-DISUBSTITUTED
PYRIDINES

1. The Influence of α,α'-Substituents on the Reactivity of
the Nitrogen of the Pyridine Ring

In the complex mechanism of the influence of α,α'-substitu-
ents on the pyridine nitrogen atom steric effects, which have
been studied in greatest detail in relation to 2,6-dialkyl-
pyridines, play an important role. Brown and coworkers1 5 1"
1 5 3 and then other investigators151*'155 showed that, when
α,α'-methyl groups are introduced, steric hindrance to the
protonation of the pyridine nitrogen is not observed. How-
ever, on passing to 2,6-di(t-butyl)pyridine, the pKQ and the
heats of neutralisation with methanesulphonic acid in nitro-
methane (ΔΗ) clearly indicate a significant steric hindrance
in the protonation process. In the analogous reaction with
picric acid steric hindrance is manifested even in 6-(t-butyl)-
2-isopropylpyridine, which, like 2,6-di(t-butyl)pyridine is
incapable of forming a picrate.

On passing from protonation to complex formation involving
more bulky reagents—the Lewis acids [BH3, BF3, and
B(CH3)3]—steric hindrance becomes appreciably more sig-
nificant . For example, the heats of formation of complexes
with BF3 decrease in the sequence pyridine > α-picoline >
2,6-lutidine by 9.2 and 35.6 kJ mol"1 respectively. In the
analogous reaction in B(CH3)3 the value of ΔΔΗ is 24.7 kJ
mol"1 even for ot-picoline, while 2,6-lutidine does not form a
complex with this reagent at all.

The above steric effects are not only of theoretical but also
of preparative interest in a number of instances; the meth-
ods of separation of 2,6-lutidine from other components of

the β-picoline fraction1 5 6 and the methods of separation of
protic and Lewis acids 1 5 7 are based on them.

Analogous steric effects are observed also in the interac-
tion of α,α'-disubstituted pyridines with alkyl halides. For
example, 2,6-di(t-butyl)pyridine does not form a quaternary
salt even with methyl iodide. 2,6-Dimethyl-, 2,6-diethyl,
and 2,6-di-isopropylpyridines are converted under identical
conditions into methiodides in yields of 99, 74, and 45%
respectively11*0.

α,α'-Functional substituents exert a more complex influence
on the heterocyclic nitrogen atom. For example, in the case
of 2,6-dihalogenopyridines the substituents exhibit, in addi-
tion to a definite steric effect, a much stronger inductive
electron-accepting influence158. In contrast to compounds
without halogen atoms or a-monohalogeno-derivatives158"160,
2,6-dihalogenopyridines do not form stable salts with inor-
ganic acids, do not give rise to picrates or complexes with
Lewis acids7 1*'1 5 8 '1 6 1, form quaternary salts with very great
difficulty even after prolonged heating at high temperatures
under pressure, and are virtually not oxidised to N-oxides158.

In contrast to 6-methylpicolinic acid, dipicolinic (pyridine-
2,6-dicarboxylic) acid is a very weak base and, for example,
does not combine with cation-exchange resins in the H+-form.
This permits the esterification of dipicolinic acid by various
alcohols in the presence of ion exchangers in high yields 1 3 5.

2. The Influence of α,α'-Substituents on the Transformations
of the Functional Croups in Other Positions in the Pyridine
Ring

The change in the basicity of the pyridine nitrogen under
the influence of α,α'-substituents influences not only the
processes involving the heteroatom but also the reactivity of
the entire pyridine system.

Significant differences between the reactions of pyridines
and the analogous benzene derivatives are known to be
related both to the change in the distribution of electron
densities in the aromatic system owing to the electron-accept-
ing influence of the pyridine nitrogen and to the fact that
many electrophilic reactions do not involve the free pyridine
bases but take place with participation of the corresponding
"conjugate acids", which are characteristed by an even
greater electron-accepting effect of the positively charged
heteroatom 1 6 2 ' 1 6 3.

The introduction of α,α'-substituents into the pyridine ring
affects both the distribution of electron density in the sys-
tem and the ease of formation of the corresponding "conjugate
acids". The influence of the ring heteroatom is therefore to
a large extent blocked in many reactions of pyridines having
electron-accepting or sterically hindered substituents in the
2- and 6-positions and compounds of this type begin to
behave like the analogous benzene derivatives.

Pyridines are sulphonated with fairly considerable diffi-
culty, forming more readily complexes with SO3 via the
nitrogen atom11. 2,6-Di(t-butyl)pyridine, in which the
nitrogen heteroatom is sterically hindered and is incapable
of forming the "conjugate acid" under the reaction conditions,
proved to be capable of being sulphonated in the 3-position
under very mild conditions—by reaction with sulphur tri-
oxide in liquid SO2 below 0 oC 151,152 I n c o n t r a s t to the
corresponding dehalogenated compounds, the γ-methyl group
in a.a'-dihalogeno-y-methylpyridines does not condense with
aldehydes and mesoxalic ester and is not oxidised by selenium
dioxide even under very severe conditions1 5 8. The chlorides
of 2,6-dihalogenopyridine carboxylic acids readily undergo
the Rosenmund reaction to aldehydes161*, like the chlorides of
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aromatic acids; the corresponding 2,6-dehalogenated deriva-
tives of pyridine are not converted into aldehydes by this
procedure.

In contrast to the usual 4-aminopyridines, which do not
form stable diazonium salts, 4-amino-2,6-dichloropyridine
is easily converted on treatment with sodium nitrite into a
fairly stable diazonium salt165, which is reduced in a high
yield by tin(II) chloride to 2,6-dichloro-4-pyridylhydrazine.
The thermal conversion of the corresponding 4-pyridyl-
hydrazones into indoles in methylene glycol, in which a positively
charged pyridinium nitrogen is not formed, actually proceeds
with greater difficulty and is less unambiguous for 2,6-
dichloropyridines than for the analogous substances without
halogen atoms165:

+N=N NHNH,

Apparently the smaller capacity of α,α'-dihalogenopyridine
derivatives for solvation by ethylene glycol has an effect in
this instance.

Interesting results were obtained in the study of the quan-
titative effects of α-substituents by the method of correlation
analysis. Determination of a series of such compounds led
Zutnan166 to assert that such substances exhibit the "effect of
proximity to the heteroatom" with a deviation from the cor-
relation. A study of different series showed that, in cont-
trast to ortho-substituted anilines, for α-substituted pyri-
dine s the correlation is better in terms of ameta

 a n d aortho
constants; on this basis, the author167 concluded that there
is virtually no transmission of the influence of ot-substituents
in terms of the conjugation effect. Owing to the short dis-
tances between the α-substituent and the nitrogen, the
mutual influence of these reaction centres is exerted through
space and not through the bonds. The field effect is taken
into account by σ' and σ* constants and less rigorously by
the ometa constant. A field effect decaying rapidly with
distance is virtually atypical for the analogous benzene
derivatives, where the distance between the reaction centres
in the ortho-positions is much greater.

For a quantitative estimate of the influence of ot-substitu-
ents in N-heteroaromatic systems, measurements were made168

of the rate of deuterium isotope exchange in an alkaline medium
for different positions of the heterocycles (the rate constants
for the exchange of the corresponding hydrogen atoms at
164.6 °C multiplied by a factor of 106 are indicated below):

It was found that the hydrogen atoms located near the carbon
atoms between the two nitrogen atoms or at the carbon atoms
adjoining the nitrogen atoms usually exhibit the smallest
capacity for deuterium exchange under these conditions. In
pyridine, for example, the base-catalysed deuterium exchange
takes place most readily in the 4-position169, although accord-
ing to the calculations of charges by the Huckel method the
2-position should be the most "acid"168.

The reduced activity of the α-positions in isotope exchange
reactions170 is apparently the result of the operation of two
factors: the decrease of the amount of s character of the
hydrogen bond with the carbon adjoining the atom of the
nucleophile and the repulsion between the electron pairs of
the nitrogen and the carbanion being generated. These fac-
tors were studied theoretically by various investigators from
the standpoint of the theory of hetarynes171 and α-effects168·
172

The above effects should apparently be taken into account
also in the study of the characteristics of the chemical
behaviour of α,α'-disubstituted pyridines, but as yet there
is no information in the literature about this subject.

3. Comparative Reactivities of α,α'- and γ-Substituents in
the Pyridine Molecule

The differences between the reactivities of a- and γ-sub-
stituents in the pyridine ring, on the one hand, and β-sub-
stituents, on the other, have been studied in fair detail11.
At the same time the comparative reactivities of a-, a'-, and
γ-substituents in pyridine compounds have been little inves-
tigated. There are as yet no theoretical generalisations in
this field and the problem is still mainly in the stage of the
accumulation of experimental data. Unfortunately in the
series of pyridines, including α,α'-disubstituted and α,α',γ-
trisubstituted derivatives, a detailed analysis of the effect
of specific solvation and of the influence of various solvents
on the reaction mechanism, of the kind carried out, for
example, for pyrimidine derivatives173, has not been per-
formed .

It has been established experimentally that, on heating
with an aqueous solution of sodium hydroxide, 2,6-dibromo-
pyridine is fairly smoothly converted into 2,6-dihydroxy-
pyridine, while heating with 70% sulphuric acid even at
160 °C leads only to 6-bromo-2-hydroxypyridinen:

•Br Ηθ/VNir
Nucleophilic substitution of 2,4,6-tribromopyridine takes

place in the 4- and 2,4-positions in a methanol solution of
sodium hydroxide, in the 2- and 2,6-positions in the pres-
ence of sodium phenoxide with an excess of phenol, in the
2- and 4-posit ions in an aqueous solution of sodium phen-
oxide, in the 4-position in an aqueous solution of ammonia,
and in the 2- and 6-positions in a butanol solution of ammo-
nia11 (see scheme at the top of page 574).

Analogous effects are observed also in the reactions of
polyhalogenopyridines. For example, pentachloropyridine
reacts with magnesium and butyl-lithium in ether in the
4-position17"; in methylcyclohexane the same reaction with
butyl-lithium takes place only in the 2-position175"177.

The interaction of pentachloro-, 7k pentabromo-,178 and
pentafluoropyridines179 with a series of nucleophiles proceeds
selectively at the C(^) atom. On the other hand, penta-
chloropyridine reacts with certain amines only at the C(2)
atom180, while in others it gives rise to a mixture of products
of substitution at the C(2) and C(K) atoms181. It has been
shown recently182 that the reaction of pentafluoropyridine
with pentafluorophenol in the presence of potassium fluoride
and 18-crown-6-ether proceeds selectively with substitution
of fluorine in the 2-position, although normally this mode of
reaction is atypical for pentafluoropyridines183"185.

The N-sodio-derivative of α-aminopyridine formed in the
Chichibabin reaction as a result of the interaction of pyridine
with sodium amide is again aminated with sodium amide at a
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C6H5OH

OC6H5 Br

higher temperature to give 2,6-diaminopyridine. The same
compound is also formed on interaction of 2-dimethylamino-
pyridine with sodium amide; the dimethylamino-group is
split off in the form of an N-sodio-derivative1 8 6.

In contrast to aromatic diamines, forming 1: 2 complexes
with Lewis acids, 2,6-diaminopyridine combines with only one
BF3 molecule (like 2,4,6-triaminotriazine) to form a 1 : 1
adduct 1 8 7 . The hydrolysis of 2,6-diaminopyridine yields only
6-amino-2-hydroxypyridineu.

The products of the interaction of substituted 2,6-dichloro-
pyridine (trichlorocollidine) with primary and secondary
amines indicate different reactivities of the a- and α'-chlorine
atoms in this compound:

CHS RNH,

C 1 - ' ll-Cl

R=Ar, R'=Alk

CHj

CH3

C ]/\N/\NH

CH,

I
,-CH,CH,CI

CHa

Λ

C l

CHS

I—CHaCH,Cl

- N H R

CH3

CH3

The a- and α'-chlorine atoms interact with aromatic amines
at 140° and 190 °C respectively1 8 8; the α-chlorine atom
begins to interact with secondary amines of the type of
JV-alkylanilines at 190 °C, while the α'-chlorine atom does not
react until 300 °C, N-dealkylation occurring in both cases 1 8 8"
1 9 0 . The processes are very sensitive to steric hindrance
and the reaction with t-butylamine does not occur at all 1 8 8.
After the substitution of the a- or α,α'-chlorine atoms in
trichlorocollidine by amine residues, cyclisation involving the
g-chloroethyl side chain takes place readily and 7-azaindoline
derivatives are formed189.

Kinetic studies of the oxidation of 2,6-lutidine with potas-
sium permanganate in an aqueous medium showed that the
process takes place stepwise and the products corresponding
to all oxidation stages are formed even in the earliest stages:
2,6-lutidine -»• 6-methylpicolinic acid -*• dipicolinic acid ->
oxalates -*• carbonates11*2.

On bromination of 2,6-lutidine with N-bromosuccinimide,
the monobromo-derivative and the symmetrical dibromo-
derivative were isolated in low yields1 3 7. Further halogena-
tion in CCI4 at 60 °C in the presence of added sodium car-
bonate and water of 2-chloromethyl-6-methylpyridine,
obtained by the chlorination of 2,6-lutidine, leads to the
formation of the asymmetric dichloro-product at a rate which
is 3.7 times faster than the formation of the symmetrical
product 1 9 1 . The opposite results have been described for
the reactions of 2,6-lutidine with organolithium compounds1 9 2:

S\
+

2 ClCHa/^N/^HjCl

. A

\ : ? 2 ? ?

Analysis of the differences between the reactivities of the
α,α'- and γ-substituents in the pyridine ring has shown that
in many cases the differences are caused by the formation of
intermediates with participation of the α,α'-substituents and
the pyridine nitrogen atom. For example, it has been estab-
lished1 9 3 that, in the reduction of isomeric bisalkoxycarbonyl-
pyridines with di-isobutylaluminium hydride, the ester
residues in the α,α'-positions of the pyridine ring are the
first to be converted into aldehyde groups. This is appa-
rently caused by the favourable energetic factors in the
formation of intermediate cyclic products with participation
of the complex hydride, the ester groups, and the pyridine
nitrogen.

The formation of an intramolecular complex also explains
the tendency of pyridine-2,6-dicarboxylate (dipicolinate)
esters to be reduced by sodium tetrahydroborate, used in
the large-scale industrial synthesis of the medicinal prepara-
tion paramidin1 3 5. Sodium tetrahydroborate does not usually
interact with ester groups but dipicolinate esters are
reduced by this reagent to 2,6-di(hydroxymethyl)pyridine
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in high yields:

NaBH.

Processes in which the cyclic substances formed are the
final reaction products also belong to the class of reactions
involving the formation of new rings with participation of the
α,α'-substituents and the pyridine nitrogen atom. For
example, when 6-bromo- and particularly 6-methyl-2-pyri-
dinylhydrazones of cyclohexanone are treated with hydro-
chloric acid or the etherate of boron trifluoride in acetic
acid, cyclisation via the pyridine nitrogen atom takes place
under the conditions of the Fischer reaction. This results in
the formation of derivatives of l//-benzo[l,2-e]pyrido[2,l-c]-
asymm-triazine and triazolo[4,3-c]pyridine: m ~ 1 9 6

NH—

R'-

J-i,CH,,·

4. Problems of the Tautomerism and the Dual Reactivity of
α,α'-Disubstituted Pyridines

The characteristics of the distribution of electron density
in α,α'-disubstituted pyridines, the nature of the protonation
and solvation of these compounds have a significant influence
on the lactam-lactim tautomerism of 6-substituted 2-hydroxy-
pyridines.

It is known197"199 that the lactam-lactim tautomeric equilib-
rium involving a- and γ-hydroxypyridines in aqueous solu-
tions is greatly displaced towards lactams. The enthalpy
characterising the extent to which the oxo-form is favoured
by energy factors amounts to 14.2 kJ mol"1 for a-pyridone200,
while the tautomeric equilibrium constant is 3.0.197

!-OH

The formation of associated species via intermolecular
hydrogen bonds201"201· and solvation effects2 0 5'2 0 6 apparently
play an important role. The decrease of the concentration of
the test substance in non-polar solvents and an increase of
temperature displace somewhat the tautomeric equilibrium in
the direction of lactims even in more concentrated solutions
201·>207. For example, at an α-pyridone concentration in
cyclohexane of 1.25 χ 10~7 Μ, ρΚχ decreases to 1.6. 2 0 1 How-
ever, in this case too the oxo-tautomer predominates201'208. It
has been established recently by ultraviolet209 and infrared213"217

spectroscopy and mass spectrometry210"212 that only in the
gas phase is the tautomeric equilibrium involving a-pyridone
displaced towards the hydroxy-form with an equilibrium con-
stant of -0.4. "V>7,2ie

Up to 1966 very little was known about the influence of
substituents in α-pyridones in the 6-position on the proto-
tropic lactam—lactim tautomeric equilibrium. Only a report
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about the differences between the ultraviolet spectra of per-
chloro-2-pyridone and its Ν-methyl derivative, indicating
different chromophoric systems in these compounds, was
published219. Furthermore, there has been a report, which
aroused a wide controversy, concerning the preparative
separation of the oxo- and hydroxy-tautomers of 6-hydroxy-
4-methyl-2,3-dihydrofuro[2,3-c]pyridine, which have differ-
ent solubilities in ethyl acetate, different melting points,
different ultraviolect spectra, and different colour reactions
with iron (III) chloride220. However, further investigations
221-223 disproved t n e possibility of isolating individual stable
hydroxy- and oxo-tautomers and showed that the second
compound is an isomeric product with a spiro-structure:

0 =

CH,

HO-

CH,

It was discovered in 1966 22<* that, on passing from
α-pyridone to the analogous derivatives of dihydropyrrolo-
[2,3-c]pyridine (6-hydroxy-7-azaindolines), there is an
appreciable shift of the lactam—lactim equilibrium towards
lactims. Comparable amounts of both tautomeric forms have
been detected in solutions of these compounds by ultraviolet
and infrared spectroscopy, but, as a result of a change in
the solvent polarity, the equilibrium can be displaced revers-
ibly towards the oxo- or hydroxy-tautomer until it predom-
inates :

HO— 0 =

HO-

On passing from 7-azaindolines to 7-azaindoles, the equi-
librium is displaced still more towards the hydroxy-form225.
For example, infrared spectroscopy failed to detect the
lactam form of 6-hydroxy--4-methyl-l-phenyl-7-azaindole
either in the crystalline form or in dioxan solution and a
weak absorption due to the lactam carbonyl begins to be
manifested at 1642 cm"1 only in the spectrum of a solution in
a more polar solvent—carbon tetrachloride—together with
the intense band due to the hydroxy-group of the lactim at
3580 cm"1. Concordant results have been obtained also by
ultraviolet spectroscopy using as a reference "fixed" N- and
O-methyl derivatives225. The prototropic tautomeric equilib-
rium is displaced towards the lactim even more in the case of
the oxygen analogues of 7-azaindolines—derivatives of
7-azabenzofuran226.

A change in the junction between the rings, namely the
transition from 6-hydroxy-7-aza-compounds to 6-hydroxy-5-
azaindoles or benzofurans, causes a sharp weakening of the
influence of the heteroatom of the five-membered ring on the
position of the tautomeric equilibrium: the predominance of
the oxo-form characteristic of α-pyridones is restored for
the compounds in the crystalline state and in solutions of
different polarity226. This permitted the conclusion that a
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decisive factor in the effect of the heteroatom of the five-
membered ring is its inductive influence, which rapidly
decays with distance.

The study of the lactatn—lactim equilibria involving mono-
cyclic 6-substituted α-pyridones showed that the tautomeric
equilibria of 6-amino- and 6-chloro-2-hydroxy-pyridines are
also significantly displaced towards the lactims2 2 7. Quantita-
tive analysis demonstrated2 2 7 that the effect of the 6-amino-
group is somewhat greater if the latter is incorporated in
the five-membered ring condensed to pyridine and the influ-
ence of hetero-substituents increases, in conformity with
their -I effect, in the sequence Cl > OR > NR2. When the
6-amino-group is acylated, its -I effect diminishes and the
tautomeric equilibrium is greatly displaced towards the
lactam2 2 8.

Thermodynamic studies have shown 2 0 0 ' 2 2 9 that the conver-
sion of the lactam into the lactim is an exothermic process
for the majority of the solvents investigated. With decrease
of solvent polarity, the process becomes less exothermic and
in dioxan, where the lactim formed greatly predominates, the
process already becomes endothermic. An increase of tem-
perature favours a decrease of the content of the lactam
forms in more polar solvents, while in solvents of low polarity
the opposite behaviour is observed.

The existence in solutions of comparable amounts of the
hydroxy- and oxo-tautomers of 6-chloro-2-hydroxypyridine
has been demonstrated, their ratio being proportional to the
solvent polarity 7 2 ' 2 2 7 ' 2 3 0 ' 2 3 1 . The addition of an anionic sur-
factant (sodium lauryl sulphate) to an aqueous solution of
6-chloro-2-hy droxypyridine has little effect on the tauto-
meric equilibrium, while the addition of a cationic detergent
(cetyltrimethylammonium bromide) shifts the equilibrium
towards the lactim form232.

The predominance of the lactim form has also been
described for 5,6-dichloro-2-hydroxy-3,4-diphenylpyridine233.
Problems concerning the protonation of 6-amino-2-hy droxy-
pyridines have been examined in detail231*.

Of the five theoretically possible tautomeric forms (I)—(V)
of 2,6- dihydroxypyridine,

\

OH HO N/\>

\

(Π) (III) (IV)

Η

(V)

apparently three forms exist in aqueous solutions: ( I ) , (II),
and (V) in proportions of 60 : 25 : 15. 222»235~237 The oxolactim
(I) predominates not only in water, alcohols, and dimethyl
sulphoxide but also in cyclohexane with 5% of added alcohol.
The tautomeric equilibrium is displaced towards the lactim to
an even greater extent for 2-hydroxy-6-methoxypyridine238.
The lactam—lactim tautomerism involving comparable amounts
of the tautomeric forms has been described also for 2,3,6-
dihydroxypyridines2 3 9.

The 5,6-annelation of γ-pyridone via condensation with the
dihydrofuran ring leads to a shift in the tautomeric equilib-
rium towards the lactim, which is greater than for the
monocyclic 6-substituted α-pyridones; on the other hand,
following condensation with the six-membered tetrahydro-
pyran ring, the shift of the tautomeric equilibrium towards
the lactim is smaller than for the monocyclic 6-substituted
a-pyridones2-0-21*2.

The displacement of the tautomeric equilibria of α,α'-
disubstituted pyridines to the region where there are com-
parable amounts of the lactam and lactim tautomeric forms
made it possible to investigate the more refined influence of
the β- and γ-substituents in the pyridine ring on this

process 2 3 8 . Usually, after the almost complete displacement
of the tautomeric equilibria of α-pyridones towards lactams,
such influences of the β- and γ-substituents cannot be
detected1 9 7 '2 3 1 '2 1*3 '2 1*4. It has been found that γ-substituents
affect mainly the conjugation effect. For example, whereas
the introduction of the hydroxy-group in the 6-position of
the α-pyridone system displaces the tautomeric equilibrium
towards the lactim owing to its -I effect, the same group in
the 4-position of the pyridine ring causes some displacement
of the equilibrium towards the lactam by virtue of its +M
effect, i .e. it exerts the directly opposite effect238>21*5. Elec-
tron-accepting substituents in the β-position of the pyridine
molecule shifts the tautomeric equilibrium towards the lactam
in the absence of additional effects due to intramolecular
hydrogen bonds, e t c . 2 3 8

It is noteworthy that the mode of the N- or O-alkylation
processes involving 6-substituted 2-hydroxypyridines is not
correlated with the position of the lactam—lactim tautomeric
equilibrium22"*~226. α-Pyridone is alkylated at the nitrogen
atom by dimethyl sulphate in an aqueous alkaline medium.
The alkylation of '6-hydroxy-7-azaindolines under the condi-
tions where the tautomeric equilibrium is displaced towards
the lactim leads to high yields of the corresponding Ο-methyl
derivatives. However, treatment of 6-hydroxy-7-azabenzo-
furans, whose tautomeric equilibrium is displaced towards the
lactim to an even greater extent, with dimethyl sulphate in
an aqueous alkaline medium again gives rise to high yields of
N-methyl derivatives2 2 7. A similar behaviour has been
observed also in the reactions with diazomethane. a-Pyridone
forms virtually only the O-methyl derivative, 6-amino-2-
hydroxypyridine gives rise to a mixture of equal amounts of
the O- and N-methylated products, while 6-chloro-2-
hydroxypyridine, whose tautomeric equilibrium is displaced
towards the lactim to an even greater extent, is methylated
predominantly at the nitrogen atom2 2 7.

Evidently dynamic reaction factors and not the position of
the tautomeric equilibrium play a decisive role in the alkyla-
tion of α-hydroxy-derivatives of Ν-heteroaromatic compounds.
The view, which remained current for a long time, that the
ratio of the amounts of methylation products can indicate the
position of the tautomeric equilibrium in the initial compound
is therefore erroneous. This claim is also supported by the
formation of different proportions of N- and Ο-vinyl deriva-
tives when α-pyridones react with acetylene, as a function
of the catalyst employed—from 66 : 1 (in the presence of
potassium hydroxide) to 23 : 75 (in the presence of cadmium
acetate). Shostakovskii et al.21*6 assumed that this is associ-
ated with the existence of two types of intermediate cyclic
vinylation products.

Η Η

Quantitative determination of the positions of alkylotropic
equilibria of the type of 2-methoxypyridine—1-methyl-2-
pyridone from the heats and the equilibrium constants showed
that in all cases the lactam forms predominate, the enthalpy
differences amounting to 50.6 ± 3.3 and 32.2 + 9.6 kJ moF1

for the liquid and gas phases respectively21*7'21*8. The intro-
duction of the methyl group in the 6-position of the pyridine
ring has little effect on the equilibrium position. On passing
to the 6-chloro-derivative, the enthalpy difference decreases
significantly owing to the electron-accepting effect of the
chlorine atom: to 17.2 ± 9.2 kJ mol"1 for the liquid phase and
to 1.3 - 15.5 kJ mol"1 for the gas phase.
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Calculation of the aromaticity of 2-methoxypyridine and
l-methyl-2-pyridone showed that it amounts to ~20% of that of
benzene21*9, which is consistent with the values of the aroma-
ticity of α-pyridone calculated previously 2 1 7 ' 2 5 0. Unfortu-
nately quantum-chemical calculations based on the geomet-
rical optimisation of the α-pyridone system did not yield
results in agreement with experiment 2 5 1 ' 2 5 2.

Thus studies on the chemistry of α,α'-disubstituted pyri-
dines revealed in recent years new features which are of
general theoretical interest. At the same time these investi-
gations have also posed new problems associated with the
mechanism of the transmission of the effects of α,α'-substitu-
ents in heteroaromatic systems, the nature of the mutual
influence of the a- and α'-functional groups, etc. The
solution of these problems has an importance going quite far
beyond the framework of the individual types of pyridine
derivatives.
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