Tetrahedrorn Vol. 37, No. 20, pp. 3423 to 3454, 1981 0040-4020/81/203423-32$05.00/0
Printed in Great Britain. Pergamon Press Lid.

TETRAHEDRON REPORT NUMBER 115

PYRIDINE RING NUCLEOPHILIC RECYCLIZATIONS

A. N. Kost¥, S. P. Gromov and R. S. SagrruLuin?
Department of Chemistry, Moscow State University, 117234 Moscow, U.S.SR.

(Received in U.K 20 September 1980)

L INTRODUCTION . . . . . . . . . . . o o e e e e s e e 3423
IL. HISTORICAL INFORMATION . . . . . . . . . . . . . . .. ... .. 3423
(a) Zincke-Konig reaction as a prototype of pyridine ring nucleophilic opening
(b) Other reactions of ring opening
IIIl. MECHANISM OF PYRIDINE RING NUCLEOPHILICOPENING . . . . . . . . . . 428
1V. PYRIDINE RING RECYCLIZATIONS TO HETEROCYCLES . . . . . . . . . . . 3431
(a) Formation of 5-membered heterocycles
{(b) Formation of 6-membered heterocycles
(1) Recyclizations to N-substituted pyridines
(2) Recyclization of pyridinium salts to pyridine bases
(3) Amidine rearrangements
(4) Formation of diazines and condensed azines
V. PYRIDINE RING RECYCLIZATIONS TO CARBOCYCLES . . . . . . . . . . . . 3439
(a) Synthesis of azulenes
(b) Recyclizations to a benzene ring
(1) Recyclization of pyridinium salts to phenols
(2) Enamine rearrangements
(3) More examples of benzene ring formation
VL CONCLUSION . . . . . . . o s s e e e e e 3450

L INTRODUCTION

The interaction of the pyridine ring with nucleophiles has been studied since the end of the XIX
century.'? Perhaps the best known process of this kind is the Zincke-Konig reaction,™ or the cleavage
of a quaternised .pyridine ring by aromatic amines. The resulting Cs fragment plays an impor-
tant part in the synthesis of cyanine dyes® recently employed as optical sensitizers’ and in the
synthesis of azulenes (Hafner reaction®?). Pyridine ring nucleophilic transformations have been recently
receiving a great deal of attention, especially certain newly discovered rearrangements appearing to be
of general significance in heterocyclic chemistry. However, no review on this topic has been published,
except for brief discussions in some papers on pyridine ring fission*'®'? and in van der Plas’s
monograph.”® The aim of the present article is to summarise important results reported before 1979.
Whenever possible, the repetition of earlier reviews will be avoided. The paper will not deal with the
recyclizations of hydrogenated structures or with the processes of the pyridine ring contraction or
expansion which occur in photochemical conversions and in the rearrangements of pyridine carbenes (on
these topics see, e.g.,”>").

II. HISTORICAL INFORMATION
(a) Zincke-Konig reaction as the prototype of pyridine ring nucleophilic opening
In 1904 Zincke and Konig independently.found that aromatic amines react with pyridinium salts to
form coloured products which Zincke identified as glutaconic dialdehyde derivatives (1)'*'® and Kénig as
the derivatives of 1,2-dihydropyridine (2)®.
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The system of conjugated double bonds was assumed to be responsible for the intense colouring of
the glutaconic dialdehyde derivatives. Later, however, coloured compounds of structure 2 were obtained
as well. For instance, heating of 1 (R=p-CsH,CsHs) was reported to give rise to a coloured 1,2-
dihydropyridine derivative 2. The open-chain and the cyclic structure may sometimes exist in
equilibrium.?2 To further complicate the problem, glutaconic dialdehyde dianil salts may assume two
different colours, which Zincke explained by dimorphism.'® The same effect was probably observed with
cyanimines.?? It is not unlikely, however, that the difference in colour is due to cis-trans isomerism, as
evidenced by the interconversion of the modifications in the presence of iodine, upon heating or upon
irradiation. '+’

It is well-known that 1-phenyl- and 1-p-nitrophenylpyridinium salts do not react with amines'® but
their ring may be opened by alkali.®®?*? Moreover, even aromatic amines cause ring fission in such
base-sensitive pyridine derivatives as 1-(2,4-dinitrophenyl)pyridinium cations'®'*??-3 and especially
N-cyano-compounds,2023264-50 where the pyridine ring is even more activated.

If, therefore, the presence of strong electron acceptor groups on the nitrogen atom promotes the
cleavage of pyridinium salts, there should be more examples of easy cleavage. Indeed, quite a few
reactions of the N-substituted pyridine ring cleavage type were reported, for pyridinium salts with a
N-containing heterocycle attached to the pyridine nitrogen.’™® The cleavage is, of course, largely
dependent on how efficient is the transfer of the aza-substituent electron-accepting influence. Thus
among the three isomeric pyridylpyridinium chlorides the 4-pyridyl salt shows the highest succeptibility
to alkali.*>***¢ However, the pyridyl radical is not a particularly efficient electron-withdrawing group,
and the hydrolysis of 4-pyridylpyridinium chloride occurs less readily than that of the 1-(2,4-dinitro-
phenyl)pyridinium cation.

Generally speaking, an electronegative group on the pyridine nitrogen weakens the exocyclic N-C
bond as well as the C-N bonds in the ring. Thus, 4-pyridylpyridinium chloride with aniline yields glu-
taconic dialdehyde dianil and 4-phenylaminopyridine,®’ which means that the rate of the ring cleavage
is comparable to that of the N-substituent elimination. In some cases only the latter process occurs; thus
potassium phenolate converts 4-pyridylpyridinium chloride into 4-phenoxypyridine®' and 3-nitro-4-
pyridylpyridinium chloride readily reacts with water to form 3-nitro-4-hydroxypyridine.”

The pyridine ring opening is markedly affected by the nature and position of substituents on the ring.
Weak electron donors in position 3 (e.g. CH; or NHCOCH;) decrease the yield of cleavage products as
against non-substituted pyridine,2627:3438.94648.6263 Apiline does not open the ring in 1-(2,4-dinitrophenyl)-
3-dimethylaminopyridine, while heating leads only to elimination of the N-substituent.” In a similar
manner aniline reacts with 1<(2,4-dinitrophenyl)-3-amino- and 3-oxypyridinium chlorides.?” In the latter
case the ring-stabilizing effect is undoubtfully due to the formation of a mesomeric betaine.”>*5*

In position 4 the effect of weak electron donor groups (e.g. Me or OMe) is greater and the yield of
dianil salts in the pyridine ring nucleophilic opening is lower, 224774549644 With acetamido- or
phenylamino-groups in position 4 there are pronounced changes in the fragmentation behavior. Thus
aromatic amines do not open the pyridine ring of 1-(2,4-dinitrophenyl)-4-acetamido- and 4-phenylamino-
pyridinium chlorides even at high temperatures.”* The amine in this case attacks primarily the
exocyclic carbon attached to the pyridine nitrogen. Likewise, when passing from 3- to 4-methoxypy-
ridine the yield of the ring fission products in reactions with cyanogen bromide and amines
decreases.>?*44 The ring stabilisation in all these cases appears to arise from the efficient transfer of
the y-substituent influence.

The cleavage of 2-substituted pyridines may involve steric difficulties.*444%67$8 Thus a methoxy-
or an acetamido-group in position 2 virtually prevents the pyridine ring from opening.” The yield of the
dianil in the reaction between 2-methylpyridine and cyanogen bromide is as low as 8%.%

With cyanogen bromide and amines the pyridinium bades containing electron-accepting substituents
show little, if any, cleavage. For example, the attempts to open the ring of nicotinamide, 3-cyanopyridine,
and 3-pyridinaldehyde, in this manner failed.”“* However, the technique proved useful in the splitting
of 4-chloro-, 3-chloro- and 4-benzoylpyridine.?®® It seems that the high stability of most pyridine
derivatives containing electron-accepting substituents is due to their low basicity which, in turn, is
responsible for the fact that they are less likely to react with cyanogen bromide or 2,4-dinitrochloroben-
zene. Incidentally, the introduction of a weak electron acceptor such as iodine into position 3 of the
pyridine ring results in easy cleavage under the effect of aniline.”

It is of interest to consider the effect of amine basicity (primarily aromatic amines) on the pyridine
ring opening. Under usual conditions 1-(2,4-dinitrophenyl)pyridinium chloride is known to react neither
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with 2,4-dichloroaniline nor with o-, m- and p-nitroanilines,'®? while the reaction with sulfamides and
aminosulfoacids is extremely slow.>'**% Although N-cyanopyridinium bromide does react with ani-
line, no similar reaction takes place with 2,4-dinitroaniline or tribromoaniline.®?*? Diamines,
heterocyclic and particularly aliphatic alkyl- and dialkyl-amines were reported to cause ring fission in
14(2,3-dinitrophenyl)pyridinium chloride.'®3!433766.70

The pyridine ring fission by carbanions, i.e. by the substances containing an activated methyl or
methylene group, occurs but in the presence of strong bases.”’-” Along with the well-known direct
synthesis from glutaconic dialdehyde dianils,” this reaction may be used to obtain cyanine dyes.””™
Polyhydroxybenzenes also may act as carbanions in the reaction of the pyridine ring opening.”

QT L0
Et Et

|
DNP

S {721
= QL

Et

The formation of open-chain products from pyridine derivatives depends on the nature of
the solvent. Indeed, in pyridine solution 0-, m- and p-nitroanilines do cleave 1-(2,3-dinitrophenyl)pyri-
dinium chloride.” 2-, 3- and 4-Methylpyridine with cyanogen bromide and aniline in water give high
yields of fission products.”

The cleavage is largely dependent on temperature. It is likely that, in the reaction between picryl
chloride and pyridine,*® or 2,4-dinitrochlorobenzene and a pyridine base in an alcohol solution that there
is an equilibrium with the pyridinium salt. At low temperatures the dissociation of the salt is low and the
main effect of aromatic amines is the ring fission. As the temperature is raised and the dissociation
increases, the exocyclic bond cleavage occurs.” In high polarity solvents, e.g. dimethyl formamide, at
elevated temperatures this process readily takes place even in the case of N-methyl pyridinium cations.®!

When treated by acids or steam or even when simply heated, glutaconic dialdehyde dianils rearrange
yielding 1-arylpyridinium cations by the loss of an amine,'*-2-2427062
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The cyclisation is essentially promoted by the presence of a donor substituent in the Cs fragment or
in the arylamine group.’*®* The dianils whose chain terminates in alkylamine rather than arylamine
groups at both ends show particularly easy cyclisation.'”™ Later it was found that the one-stage
exchange of the N-substituents is feasible by the treatment of 1-arylpyridinium salts with the excess of
an amine, on addition of a stronger base or even merely in polar solvents (see, e.8.).

(b) Other reactions of ring opening

Pyridine with aqueous sodium bisulfite gives rise to an adduct containing 3 moles of the bisulfite.
Alkalies decompose this product into ammonia, sodium sulfite and glutaconic dialdehyde.®*¢ Aromatic
amines also open the pyridine ring with formation of the corresponding glutaconic dialdehyde anils. >3

It is interesting to note that pyridinium salts may be converted into phenols by consecutive
treatment with sodium bisulfite, an alkali and an acid.®*® Though this series of reactions may hardly be
regarded as nucleophilic recyclization, some features of the process deserve special interest. The
bisulfite ion HSO;™ could be expected to add in position 2 or 4 of the pyridine nucleus of the quaternary
salt 3. However, the fact that this reaction with 3- or 4-methyl pyridines does not occur suggests
addition at position 4. When treated by an alkali, the 1,4-dihydroderivative 4 undergoes ring opening
by the loss of an alkylamine to yield the 1,5-dicarbonyl compound 5 which in an acidic environment cyclises
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yielding the carbocyclic product 6.
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In inert solvents at low temperatures pyridine reacts with sulphur trioxide to form pyridinium
8-sulphonate.”® The same produce results from the interaction between pyridine and chlorosulfonic acid
or its ethyl ester. Alkalis decompose pyridinium §-sulphonate into glutaconic dialdehyde sodium salt
and sodium sulfamate;** with aniline the ring opening results in glutaconic dialdehyde dianil.*' Similar
adducts of sulphur trioxide to 2- and 4-methylpyridine are not easy to obtain and bases bring about the
resinification.’
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Certain other reagents such as phosgene, phosphorus oxychloride, 2-chloroquinoline derivatives, ben-
zanilide-imidochloride, dichloro- and dibromo-indenones quaternise pyridine to form salts which react
with bases to give open-chain products (the two last-named reagents in the list are even more efficient
than 2,4-dinitrochlorobenzene).*’** Under the action of bases, pyridine adducts with chlorine or bromine, as
well as complex salts with zinc or mercury chloride, also form organic dyes whose structures are not yet
determined

Pyridine ring opening is also promoted by thioderivatives of phosgene or phosphorous chlor-
ide type compounds. The reaction under the influence of thiophosgene and barium carbonate yields
both kinetically and thermodynamically controlled products, i.e. trans, cis- and trans, trans-S-isothiocy-
anato-penta-2,4-dienals (B and C respectively).’* The A and B stages of the ring cleavage may be
interpreted in terms of hard and soft acids and bases. The C-2 atom, which is harder than the
thiocarbonyl carbon, is attacked by the hard hydroxyl ion and the resulting anhydrobase opens to yield
the cis, trans- and then the trans, trans-aldehyde *
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When allowed to stand, a mixture of pyridine, chloroform and caustic soda was found to form a
solution of an unstable red dye.” After a while, sodium cyanide and sodium vinylacrylate can be isolated
from the solution:. Under the same conditions 2-methylpyridine affords sorbic acid, whereas both
2,4-dimethyl- and 2,4,6-trimethylpyridine do not react.* Bromoform, iodoform and carbon tetrachloride
lead to the same products as chloroform; with methylene chloride and ‘methylene iodide the yields are
somewhat lower. In the presence of bases the pyridine ring opens also under the effect of diphenyl-
dichloromethane and phenyltrichioromethane.””

Z
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Though acyl chlorides were once believed to be incapable of causing the pyridine ring cleavage "

a reaction between diphenylcarbamoyl chloride and pyridine in an alkaline medium does take place.”
Moreover, benzoyl chloride and benzoic anhydride in alkaline media were also reported to react
with pyridine in the same manner'®'"' (the yields of these processes were not specified). The
formation of coloured glutaconic dialdehyde derivatives seems to account for the intense purple
colouring of aqueous and water-alcohol solutions of pyridine and its derivatives on addition of an alkali
and arylsulfonyl chlorides. The reaction is a sensitive assay for pyridine derivatives.'""'®

The splitting of 1-acylpyridine salts is promoted by compounds containing active methyl or methy-
lene groups. Thus in the presence of cyanoacetic acid methyl ester, oxindole or coumarone-2, pyr-
idine readily reacts with acyl chlorides.””” Consecutive treatment of 2-methylpyridine by ethyl-
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chloroformate and a dilute acid gives rise to an adduct of composition 2:1. The ring in the pyridinium
salts conceivably opens under the action of a second 2-methylpyridine molecule which under these
conditions acts as a methylene component.''

The base-induced cleavage of pyridines with conjugated substituents also occurs and acyclic
products are readily formed under the effect of alkalis, primary and secondary amines,'"'-'"* and with
compounds containing activated methyl or methylene groups.''s!"’

It is well-known that N-oxides of heteroaromatic compounds are highly reactive with respect to
nucleophiles and electrophiles alike.!'®'* It has been observed, for instance, that phenylmagnesium bro-
mide brings about electrocyclic opening of the ring in pyridine N-oxide.'”' When treated by acid an-
hydrides or even simply heated, the acyclic products show easy recyclization into pyridine bases or
their N-oxides.'”'?' In contrast to earlier evidence,'? the reaction between pyridine N-oxide and sodium
acetylide does not lead to 2-ethynylpyridine N-oxide, since the reaction products as identified by PMR are
those of the ring opening (7,8).'%#
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The formation of 1-alkozy- or 1l-acyloxypyridinium salts by quaternization of pyridine N-oxide
increases still further the propensity of the pyridine ring for nucleophilic opening. For example, the
intermediary formation of 1-acetoxypyridinium salts is apparently involved in the interaction of pyridine
N-oxide with mercaptans in the presence of acetic anhydrode and triethylamine. Apart from the ring
cleavage products, this reaction was found to result in substituted A2- and A’-tetrahydropyridines.'?

On additional activation by such electron acceptors such as CN or CONH,, 1-methoxypyridinium salts
readily react with secondary amines to form mono-O-methyloximes of glutaconic dialdehyde.'%? On the
contrary, unsubstituted 1-methoxypyridinium salts or those with an electron donor on the pyridine ring react
with aqueous secondary amines to give rise primarily to pyridine N-oxides by the O~C bond fission.'?'*
The pyridinium salts in this case act as methylating agents.'” Under certain conditions, however, hydroxyl
ions were observed to cause ring cleavage of such salts, as evidenced first by UV-spectroscopy and then by
the isolation of crystalline enamines in the reaction between bicyclic isoxazoline {2,3-a} pyridinium ions and
secondary amines.'-1%
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Such open-chain structures usually lend themselves to isolation, provided the reaction was carried
out in an aprotic solvent containing no water.”® PMR data suggest a trans-structure for the
conjugated bonds; however, cis-trans intermediates corresponding to the kinetic control may also be
observed sometimes, 26127134136

Pyrylium salts have long been used for the synthesis of benzene and azulene derivatives.”””'*® As for
1-methoxypyridinium salts, they react with phosphoranes only to undergo ring opening leading to stable
vinylogues of phosphoranes. The double bonds of the latter were also found to have a trans-

configuration.'
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Similarly, upon treatment by an equivalent amount of a nitroalkane and sodium ethoxide, 1-
methoxypyridinium iodide is converted into the corresponding nitropolyenes.'*'*! The yield is the highest
with nitromethane and the lowest with 1-nitropropane because of steric diffictilties.'*!
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III. MECHANISM OF PYRIDINE RING NUCLEOPHILIC OPENING

The two mechanisms suggested for nucleophilic substitution in the pyridine ring were *“addition-
elimination” (AE) and “elimination-addition” (EA or the hetaryne mechanism).'*>'*> The formation of
anionic o-complexes in the AE reactions was for a long time merely postulated until such adducts were
reported for reaction with butyl lithium, lithium aluminium hydride, sodium methoxide and hydroxide
anions.'"* ' The EA mechanism put forward to account for the amination of pyridine halogen
derivatives and involving intermediate formation of hetarynes was studied in detail as well.'? Though
more appropriate for pyrimidine compounds, the so-called ANRORC mechanism recently advanced by
van der Plas also sheds some light on the behaviour of pyridine halogen derivatives.'¥

PMR deuterium exchange investigations point out that strong nucleophiles may deprotonate the
2-position of 1-alkylpyridinium salts to form ylides.'**-'%

- (-]

The Me-group in 1-methylpyridinium salts shows virtually no deuterium exchange; the 1-allyl-
pyridinium salt in the presence of pyrrolidine, however, exchanges four hydrogens for tritium via an
intermediate ylide.''*

2-Alkylpyridinium salts feature rather easy side chain deprotonisation leading to an
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anhydrobase. "' The C-H acidity of the side chain of non-quaternised 2-alkylpyridines is relatively

low. 15716
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There is competition for this deprotonation either by attack on the carbon attached to the pyridine
nitrogen, dealkylation of the quaternary salt, #"-3!'¢"162 or the nucleophilic addition to the ring. For
non-quaternised pyridines the latter process occurs only under severe conditions. For example,
Chichibabin’s amination is generally assumed to involve addition of the NH,™ anion in the 2 position of the
pyridine ring.'®® An alternative attack on the position 4 evidently takes place only with 2,6-substituted
derivatives as observed, for example, with the reaction between the NH,™ ion and 2,6-dimethylpyridine.'*
Such addition of a hard anion is somewhat more likely if the pyridine ring bears a strong electron acceptor'*
or if it is annelated, that is, the pyridine ring is a fragment of a condensed structure more capable of
nucleophilic reactions. 165.166

As in pyridine bases, the N atom in pyridinium salts polarizes primarily the adjacent carbon with
respect to hard nucleophiles.”” Thus ammonia adds to pyridinium salts to form dihydropyridines.
Whether the 2- or the 6-amino compound will be the main product depends on the substituent in the
pyridine nucleus. Conversely, soft nucleophiles whose behaviour is controlled by frontier orbitals tend
to attack the 4 position.'s” This holds in the case of carbanions.!”®'” Cyanide ion also adds to position 4,
though the reaction is reversible.'™ Nitromethide and ethanethiolate anions attack both position 2 and
position 4.'™ In 1957 Belgian researchers found that the interaction between 1-(2,4-dinitrophenyl) pyridine
and aniline in 50% aqueous ethanol is a first-order reaction in both components and hydroxide anion.'” They
suggested that the limiting stage of the process was the electrocyclic opening of the covalent amination
product 9> The pyridine ring opening by amines, hydroxyl ion and C-nucleophiles was studied also by a

number of other workers.'s'-'¥
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The rate of conversion of glutaconic dialdehyde dianil salts into the salts of 1-arylpyridinium is not
just a function of the substrate concentration in methanol.'®>'® In fact, the addition of triethylamine or
methoxide anions first gives rise to 5-anilineo-N-aryl-2,4-pentadienyl dimine (10) which is converted into the
1-arylpyridinium cation and the arylamine in a first-order reaction. The electrocyclic ring closure of the
imine 10 was therefore assumed to be the rate limiting step of the reaction.
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An attempt to correlate the results by means of Hammett’s equation using o* or o-constants of the
substituents failed, though the correlation was better (r = 0.93) when o-constants were employed. The
value of p =0.35 indicates that the reaction is not very sensitive to the polarity of para-substituents,
which is not unexpected if the redistribution of bonds is concerted and the transition state is not dipolar.'®

It has been proved that the diene fragment of isolated products of the pyridine ring opening has
the trans, trans-configuration (see, e.g.'7"'%). This geometry contradicts the concept of electrocyclic
opening of the covalent amination products. However, the initial syn-cis-trans configuration compounds
were successfully detected by PMR in the kinetically controlled opening of the 1-alkoxypyridinium salt
11. The process apparently involves stereoselective opening of the intermediate 1,2-dihydrocompound
and occurs as a disrotatory thermal reaction permitted by Woodward-Hoffmann rules for electrocyclic
transformations.>
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Though Hantzsch and Kalb'* observed that pyridinium salts as compared with, for instance, quinol-
inium ions are far less likely to form covalent pseudobases, ultimately attempts to isolate stable carbinol
bases of pyridine derivatives were successful.'®>!%%3% Moreover, amines of high basicity in aqueous
media give rise not only to covalent amination products but also to pseudobases which sometimes are
even major components of the reaction mixture.'”'® This makes it necessary to allow for possible
recyclization under the effect of hydroxide anions. The ring opening of 1-methoxy- and I-acylpyridinium
salts by hydroxide anions is a first-order reaction with respect to the salt and a second-order reaction
with respect to the OH™ ion."*2!™18:1% It was found that in very alkaline media the predominant reaction
for 1-arylpyridinium salts 12 is the hydroxide anion addition to the ring. At lower concentrations of the
hydroxide anion, the predominant reaction is electrocyclic cleavage of the anion 13. The greatest order in
OH " is equal to 2 and this decreases as the OH™ concentration grows. The logarithms of the equilibrium and
the rate constants correlate well with Hammett’s o-constants.''

N \ \

] + OHe —_— H + HQ —

Q 2
R R
E\Loe QOH
= , +H® —— |

It appears that at the first stage of the conversion of 13 into 14, the energetically favourable withdra-
wal of electrons by the benzene ring and the substituent R, promotes the C-N bond cleavage. If the elec-
tron shift were continuing up to the end of the reaction, the product would have been a Meisenheimer
complex structure 15. This intermediate, however, provides for less stabilisation than the structure 14.

Accordingly, after a certain point in the reaction coordinate (probably near the activated complex) the
opposite electron shift, i.e. to the carbonyl group oxygen, becomes more favourable.
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The above reactions may be regarded as possible stages of pyridinium salts recyclization via the
exchange of the N-substituent. A recent stopped-flow investigation of the N-substituent exchange
kinetics in the recyclization of 1-(2,4-dinitrophenyl)-3-carbamoylpyridinium chloride with aqueous
amines and amino acids'® has directly shown that in this case, as in the preceding ones, the ring opening
takes place under the action of the hydroxide anion rather than the amine.

IV. PYRIDINE RING RECYCLIZATIONS TO HETEROCYCLES

(a) Formation of 5-membered heterocycles

The acyclic products of the nucleophilic transformations of pyridinium salts may subsequently show
cyclization with ring contraction. Thus 1-phenyl-3-aminopyridinium bromide (16, R = Ph) with nitrous
acid gives rise to an intensely coloured solution which after a while yields a colourless crystalline
precipitate of 3-(1-phenyl-1,2,3-triazolyl-4)-acrolein (18, R = Ph).* The reaction conceivably involves
intermediate formation of an unstable diazonium salt 17. The highly electronegative diazo-group makes
the C-6 atom of the pyridine ring more susceptible to nucleophilic attack resulting in the ring
opening. The similar fission of 1-alkylpyridinium salts occurs only in the acetate buffer.'”® At the next
stage the diazo-group attacks the amino group to cause cyclization in the same manner as with the
formation of triazenes in the benzene series.
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The same type of mechanism may be proposed for the diazotisation of 8-aminodihydrothiazolo-[3,2-a]-
pyridinium acetate (19) which leads to 3-(4-dihydrothiazolo-[3,2-c]-1,2,3-triazolybacrolein (20).'**

S NH, NzN

Q\HA/ RONS H\m ! | i

O BN iy )
19 20

When treated by alkaline hydrogen peroxide, 1-methyl- or (1-benzyl)-3-carbamoylpyridinium chloride
(21) gave rise to 7-8% pyrrolidone hydroperoxide 26 rather than to the expected hydroperoxide 22.'%
The likely mechanism of this reaction involves the intermediary formation of the oxide 23 from the
hydroperoxide 22, followed by solvolysis of the epoxide into the diol 24 and the ring opening into the
dialdehyde 2§ whose cyclization and subsequent oxidation result in the formation of the lactam 26.

L0 P SO COM, CONK,
@/L;%of VY S A g
N N> 7z M0\

® H [ ] ®
b2 b o2 boa Y

RNCHO

HO\/E/CONM | CONH,

— oy B —

onc\,z om:\rl ~ ouc NPy J: " I
25

x

O0x



3432 A.N.Kost et al.

An example of the pyridine ring recyclization involving the participation of a y-substituent is the
rearrangement of 1-methoxy-4-carbamoyl (cyano) pyridinium salts in alkaline media. In the case of the
cyanide the open-chain structure 28 after solvolysis gives rise to the intermediate 29 which is identical
for both starting substances. At the next stage the amide nitrogen attacks the carbonyl group to cause
cyclization into the S-oxypyrrolidone-2 (30).'%
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In nucleophilic reactions pyridine derivatives are essentially more reactive than benzenoid derivatives
whose ring opening occurs but very rarely.”””'® The capacity of pyridine and its derivatives for being
attacked by nucleophilic agents has been studied primarily in terms of Chichibabin’s amination.'®* This
reaction, however, causes no ring transformations. Pyridine halogen derivatives react with alkaliamides ina
different way. For example, 3-amino-2-bromopyridine (31) and potassium amide in liquid ammonia afford
3-cyanopyrrole (33) in the 80% yield. The process apparently involves intermediary formation of
3-cyanopropenyliso-cyanide (32).'”
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Under the same conditions 3-amino-2-chloropyridine gives no more than 1% cyanopyrrole. The
treatment by lithium piperidide in liquid piperidine, however, causes recyclisation into the nitrile 33 in a
good yield.">?® An excess of potassium amide in liquid ammonia breaks the C;~C, bond in 3-hydroxy-2-
bromopyridine (34, R = H) and 3-0xy-2,6-dibromopyridine (34, R = Br) to give rise to 2-carboxamidopyrrole
(39).
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It is not easy to explain the rearrangement of bromopyridine (34, R = H) under the effect of lithium
piperidide in piperidine, since the product is a 3-substituted pyrrole (3-carbopiperididopyrrole) rather than
a 2-substituted derivative."

In some cases the reaction products are not predictable and clearly the reaction pathway is
dependent on the nature and position of substituents."
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The recyclization of 3-hydroxypyridines (36) leads only to the product identified as 2-carboxamido-

pyrrole (37).".
T, K
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H 3
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The recyclizations of the type under discussion were also carried out with the use of model
compounds 38 where X is H, Y is Br; X is OEt, Y is H; X is OEt and Y is Br.2® These reactions, too,
appear to involve the isocyanide mechanism (32— 33) or the carbene mechanism (34 - 35).

(b) Formation of 6-membered heterocycles

(1) Recyclizations to N-substituted pyridines. As shown by Zincke,'*™ 12 4-dinitrophenyl)pyri-
dinium chloride with aqueous methylamine readily produces 1-methylpyridinium chloride. The reaction
proved an efficient means of obtaining such 1-arylpyridinium salts which cannot be synthesized directly
from pyridine.®* Thus anilines containing electron donor groups easily substitute for the N-aryl
group of 1-(2,4-dinitrophenyl)pyridinium chloride in the 80-90% yield.” The reaction requires that the
medium be alkaline or contain an excess of the amine; sometimes, however, it is enough to use a polar
solvent such as alcohol.” The same conditions may be used to achieve the corresponding reaction with

heterocyclic amines.®
@ RCeH NHs ﬁ ;0

° DNP-N NHC(H.R
DNP

R=0H,0Et ,0Ph,H

The exchange recyclization may also be accomplished with more complex amines including
tryptamine, desacetylcolchicine, 4-homosulphanilamide and 7-aminocholesterol.®* The reaction of N-(2,4-
dinitrophenyl)-3-carbamoylpyridinium chloride with amines and amino acids whose mechanism has been
studied in detail,'” is of interest as a preparative technique. It was also used to obtain certain new
polyelectrolytes catalyzing the hydrolysis of esters from poly-[N(2,4-dinitrophenyl)-4-vinylpyridinium
chloride].

Owing to the strong electron acceptor effect of the dinitrophenyl group on the nitrogen atom, the C-N
bond exhibits easy cleavage under the effect of other nucleophiles as well. Thus heating of
pyridinium salts 39 with hydrazine hydrate, acylhydrazines or arylhydrazines brings about high yields of
1-aminopyridinium salts 40 containing Me, NHAc, I, CONH, or CONE, in the 3-position.?2®
An Et, CH,OH or OH group in position 3 prevents the reaction or yields a mixture of the dearylation
product 41 and a minor amount of the 1-aminopyridinium salt 40. The reaction is also extremely sensitive
to 4-substituents. While the synthesis of 1-amino-4-methylpyridinium was reported, no attempt to obtain
the salts of 1-amino-4-acetamido- and 4-methoxypyridinium has been successful. On the other hand,
hydroxylamine in aqueous dioxan does convert 1-(2,4-dinitrophenyl)-pyridinium derivatives into pyridine
N-oxides.2*2%

TETRA Vol. 37, No. 20—B
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The pyridinium salts recyclizations with the exchange of the N-substituent can lead to the inclusion
of the nucleophilic agent in the ring. Hantsch, whose results were later supported by Mumm and
Hingst,2'*?"" showed that in alkaline media 1,2,4,6-tetramethyl-3,5-diethoxycarbonylpyridinium iodide
(42) undergoes a conversion which apparently involves the pyridine ring hydrolytic fission and sub-
sequent ring closure yielding 1,4,6-trimethyl-3-acetyl-5-ethoxycarbonyl-2-pyridone (43) as the final product.
Phenylhydrazine brings about the same conversion.?'*?"!

0
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Ammonia with 3-substituted 1-methoxypyridinium salts (44, R = COOH, COOMe), or alkali with 44
(R=CONH),) in an aqueous solution, give 3-methoxyiminomethylpyridone 2 (46).”” During this rear-
rangement the ammonolysis of the carboxyl and the methoxycarbonyl group takes place at the open-chain

stage, so that the following recyclization of 45 involves the amino group of the B-substituent.
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(NH,) o

NOMe
OMe
Yy

R =CONH,, CO,Me ,COM

When treated with 8-ketoester sodium salts, 1-substituted 3,5-dinitropyridines (47) recyclise yielding
the corresponding 1-substituted 3,5-diethoxycarbonyl-4-pyridones (48). The initial stage is the addition of
the carbanion in the position 2 or 6 and the formation of Meisenheimer complex; the position 6 or 2 is
then attacked by the other nucleophilic centre. The resulting bicyclic intermediate undergoes splitting of
the C,~C, and Cs—C bonds to yield the pyridone 48.2"
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Finally, in degenerate recyclisations both the N-substituent and the pyridine ring are retained. The
reversible ring opening probably accounts for certain aspects of the behaviour of diphosphopyridine
nucleotide in alkaline media. The open-chain form of NAD is likely to be crucial to the accumulation of
the enzyme in live organisms.'®®

(2) Recyclization of pyridinium salts to pyridine bases. When a pyridine ring contains a strong
electron acceptor group, quaternization by alkyl or aryl halides suffices to provide for the nucleophilic
ring opening. Thus the 3-substituted pyridinium salts (49) adds liquid ammonia at position-6. As the
temperature is raised and ammonia evaporates, the adducts decompose into 3-substituted pyridine and
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alkyl- or arylamine. Nitropyridinium salts are particularly active in this process.'®'¢
X X X X
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Our experiments have shown that 2-methyl-3(5)-nitropyridinium salts eliminate the N-substituent by
ring opening of the intermediate even in aqueous ammonia, to yield 70% of the corresponding pyridine
base.? It is interesting to note that the 1-methylpyridinium cation in liquid ammonia forms no covalent
adducts in amounts detectable by PMR,'® but ammonium sulphite, in contrast with ammonia, makes it
possible to open the pyridine ring even when no activating electron acceptor substituent is present. The
best results were achieved with 1,2-dimethyl- and 1,2,6-trimethylpyridinium salts, though the formation
of pyridine bases and alkyl amines in modest yields was also observed in the case of 1,3-dimethyl-,
1,4-dimethyl- and 1,2,4,6-tetramethylpyridinium salts.?* The reaction apparently involves the formation
of a corresponding glutaconic dialdehyde derivative whose interaction with ammonia or ammonium
sulphite yields substituted pyridines 50. On heating 1,2,6-trimethylpyridinium bromide with ammonia, in
the absence of sulphite ion, this process does not take place.
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This reaction is also largely dependent on the N-substituent. For example, the phenyl group is a
strong enough acceptor to provide for dearylation of 1-phenyl-3-oxypyridinium chloride §1 in which the
pyridine ring is essentially deactivated by the donor group. It is true that the product is 3-aminopyridine
(52) rather than the 3-hydroxypyridine expected. However, it does not result from Bucherer’s reaction
involving 3-hydroxypyridine, because the amino-group enters the molecule at the stage of oxyglutaconic
aldehyde or its bisulphite derivative.
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Certain other models also show the N-substituent elimination, ring opening and subsequent cycliza-
tion. Specifically, the pyridine nitrogen of the starting substance in such conversions is transferred into
the final product without intermediate exchange at the open-chain stage.

When heated with water, the dication 53 gives rise to benzaldehyde and two equivalents of
pyridine.”® In the presence of alkali, the solution yields a precipitate of the intermediate 55 (which
evidently forms from the pseudobase 54) and one equivalent of pyridine. The precipitate then dissolves
slowly to yield benzaldehyde and a second equivalent of pyridine. The latter reaction is also promoted
by acids.
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A similar mechanism was advanced to account for alkali-induced deacylation of 1-(N,N-dimethyl-
carbamoyl)pyridinium (56).'®*2'¢ This is a first-order reaction with respect to both the starting salt 56 and
the hydroxide anion. At pH 10 the unstable intermediate 57 is formed. Its further decomposition gives
glutaconic dialdehyde and 1,1-dimethylurea at low and high pH or pyridine and dimethylamine at
medium pH. The maximum rate of the latter reaction being observed at pH 11.8.
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The authors have studied an intriguing nucleophilic recyclization of the cyanopyridinium salts (58a—e)
with the incorporation of the nitrile group into the ring. The likely mechanism involves the C-N bond
fission of the initially formed 1,2-dihydropyridine followed by cyclisation on to the electron-deficient
carbon of the nitrile group to form the 1,2-dihydropyridine 60. Such structures then undergo another
rearrangement of the amidine type to vield the 2-alkylamino-3-formyl(acetyl)pyridines (61a—e).
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A methyl group at position-2 does not prevent nucleophilic addition in this position and no steric
difficulties were observed even with 1-ethyl-2-methyl-3-cyanopyridinium (58¢c). The recyclization also
occurs in the absence of lateral alkyl groups (58d).2' With this substance we have also observed the
methylamine group replacement under the action of aqueous ethylamine.
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Accordingly, with 3-cyanopyridine ethiodide (58e) as a starting substance aqueous methylamine
causes recyclization, by elimination of the ethylamine group and the formation of 2-methylamino-3-
formylpyridine (61d).

(3) Amidine rearrangement. The amidine or Dimroth rearrangement®®?*! deserves special attention
among the processes leading to pyridine bases. In this process the exocyclic atom is the nitrogen of the
amidine fragment present in the initial molecule or appearing during the reaction. In other words, after
the C-N bond opens, the pyridine ring forms again with a newly formed C-N bond. The rearrangement
may therefore be regarded as an isomerisation.
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Dimroth recyclization begins with an imide-type compound in which the donor group (see structure
62) substantially de-activates the susceptibility of the pyridine ring to nucleophilic attack. The reaction
therefore takes place only if there is a nitrogroup in the position 3 or 5.2 Neither 1 - methyl - 2 -
imino - 2,2 - dihydropyridine?® nor its S - chloro -, 3,5 - dichloro - and 5 - cyanoderivatives™ are capable
of recyclization yielding the corresponding 2 - methylaminopyridines. In contrast, the nitro-compounds
react very easily and provide high yields (7 = 11 sec at 20° at pH 11.5%).
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As for 2-amino-"N-pyridine itself, its rearrangement under the influence of aqueous alkali was carried
out but at 200° the yield was as low as 4%. The main process in this reaction is the rapid hydrolysis of
the amino-group and the formation of 2-pyridone. 2 A 3- or S-nitro-group accelerates the recy-
clization. At 100° in diluted alkali the half-conversion period for '*N-labelled amino compounds is about
one minute, which still much slower than is the rearrangement of 3- or 5-nitro-1-methyl-1,2-dihy-
dropyridines.”®
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(4) Formation of diazines and condensed azines. Halogen derivatives of pyridines react with
alkali amides to form pyrimidines. Thus with potassium amide in liquid ammonia (see, for
instance,”) 2,6-dibromopyridine (63, X =Br) gives rise to 6-amino-2-methylpyrimidine (64).2%'%
Though less rapidly, 2,6-dichloropyridine (63, X = Cl) reacts as well, while 2,6-difluoropyridine gives a
high yield of 2-amino-6-fluoropyridine instead of undergoing recyclization.
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Among the 6-bromopyridines (65, R =2-NH,, 2-NHPh, 2-CONH,, 2-MeC(H,, 2-Me, 2-Ph, 2-
OEt, 2-OPh, 2-p-EtOC¢H,, 2-m-EtOC¢H,, 2-p-FC¢H, and 2-NO,) only 2-phenoxy- and 2-substituted
phenoxy-6-bromopyridines afford the corresponding pyrimidine derivatives in the 40-50% yield.?'2*
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The pyridine-into-pyrimidine recyclization of these compounds occurs, therefore, by the C;~C, bond
cleavage (65 - 66). This bond fission was also observed by British authors with other models containing a
pyrimidinium nitrogen atom.?
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A detailed study of these conversions is complicated because of accompanying reactions such as
addition-elimination, cine- and tele-substitution. Thus potassium amide converts 2,3-dibromo- (67),
2,4-dibromo- (68) and 2,5-dibromo-pyridine (69) into one and the same 2-methyl-4-aminopyrimidine (71).
This observation is conceivably due to the intermediate formation of 2,4-bromo-4-aminopyridine (70) by
the dehydroarene mechanism.?*
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Interesting information was reported for recyclizations involving the N-substituent of the precursor.
Thus the l-iminoderivative 72 with tertbutyl hydroperoxide yields a mixture of the 1,6-dihy-
dropyridazones 73 and 74.7 If R is Ph, then 74 is the only product.
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Pyridine N-imine undergoes an interesting transformation in warm methanol during a few days
yielding the adduct 7§ containing a triazolopyridine and a pyridazine ring. The N-imines of 2- and
4-methylpyridine exhibit the same behaviour. The following mechanism advanced for this reaction was

confirmed by studies in the presence of hydrogen peroxide.?
In the presence of H,0, the compound 75 is not formed, since the intermediary 3-formylpyridazine is

oxidized to the corresponding acid whose decarboxylation gives pyridazine.
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In an unusual recyclization two molecules of 2-halogeno pyridine 76 give rise to a quinoline nucleus.”’
On the dimerisation of 76 and the pyridine ring opening under the action of lithium piperidide the
benzene ring closes.
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The formation of quinolines may also be illustrated by the reaction between an alkali and the
pyridinium salt 77, in which the pyridine ring opens to form the anil 78. This compound then
undergoes intramolecular condensation leading to the substituted 3-quinolylacroleins 79.7*
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V. PYRIDINE RING RECYCLIZATIONS INTO CARBOCYCLES

(a) Synthesis of azulenes

There is only one example of the recyclization of pyridinium salts under the effect of carbanions,
namely the Ziegler-Hafner synthesis of azulenes in the variant using pyridinium salts and sodium
cyclopentadienide #*2 Just as 1-alkylquinolinium salts with Grignard reagents give rise to 1,2-
dihydroquinolines,*' so 1-alkylpyridinium salts react with sodium cyclopentadienide to form rather
unstable I-alkyl-2-cyclopentadienyl-1,2-dihydropyridine (80) whose heating to 200° in benzidine yields
azulene. The process involves the pyridine ring opening in 80 and the formation of the fulvene 81 which
again closes the ring by elimination of alkylamine.
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According to Woodward*2?** this thermal process involves electrocyclic ring closure (7 10s). It may
also seem likely that the hypothetic intermediate 82 results from the electrophilic attack of the atom 10
in the electron-excessive position 1 of 81. In fact, however, the two reaction pathways are not very
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different in terms of mechanisms. Indeed, during cyclization the o-bond arises from the shift of two
m-electrons of the structure 81, so that a certain amount of resonance energy is lost. If cyclization is
reversible, the reaction may be thought to obey the disrotatory mechanism which provides for smooth
but irreversible elimination of the alkylamine from 82 and the immediate formation of azulene. It
appears that the cyclization stage is associated with the higher activation energy and is the rate
determining step.

Azulenes synthesized according to the Ziegler-Hafner reaction may be substituted in the 7- as well as
S- membered ring. For example, the procedure was used to obtain 14-dimethyl-7-ethylazulene
(chamuzulene) from 1,2-dimethyl-S-ethylpyridinium bromide and sodium methylcyclopentadienide.’
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Likewise, in the complete synthesis of 4-methyl-7-isopropenylazulenaldehyde-1 (lactaroviolin) the
first stage was the reaction between sodium cyclopentadienide and 1-methyl-3-isopropenylpyridinium
bromide. 24424
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(b) Pyridine ring recyclizations to benzene rings

(1) Recyclization of pyridinium salts to phenols. Mumm et al. demonstrated® that alkalis react
with 1,2,4,6 - tetramethyl - 3,5 - diacetylpyridinium (83) to open the pyridine ring by intermediate
formation of the pseudobase 84 and the simultaneous solvolysis of the acyclic intermediate 85. The
subsequent intramolecular cyclization of the 1,5-dicarbonyl compound 86 results in a low yield of the
substituted phenol 87.
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The presence of acceptor substituents in position 3 is not obligatory and the reaction may still be
achieved by more drastic experimental conditions. Thus 1,2,6-trimethylpyridinium (88) and 1-methyl-2,6-
diethylpyridinium ((92) iodides, when heated to 200° with an alkali, yield the phenols 91 and 93 in the
70-80% yield.?*’?*® When carried out in a silver autoclave, the reaction yields the cresol 91, and
1-methylcicyclohexen-1-en-3-one (90), which apparently results from partial reduction of the intermediate
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#9. Similar reactions have been reported for related compounds.’”
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Similar properties of pyrylium salts were used for a synthesis of polysubstituted phenols by means
of hydrolytic ring opening followed by recyclization involving the 2-methyl group.”®® However, the few
recyclizations of pyridinium salts into phenols which have been considered are not isomerisation processes,
because the open-chain intermediate is solvolysed to eliminate the alkylamino-group.

(2) Enamine rearrangement. The recyclization of pyridinium salts into anilines discovered by the
authors®'2 appears to be a fundamental type of pyridine-into-benzene ring transformation. In this
reaction, as well as in the related processes discussed below, the exocyclic atom which becomes
incorporated into the ring is the B-carbon of the enamine fragment either present in the starting material
or appearing during the reaction. In other words, the pyridine C-N bond fission results in an open-chain
intermediate whose recyclization brings about a new C—C bond. The consequence of these reactions may
therefore be defined as a enamine rearrangement in which the reagent is not included in the product of
isomerisation (except for the reactions involving the amino-group exchange).

Thus aqueous-alcoholic alkali was reported to convert 1,2-dimethyl-3-nitropyridinium iodide (94a)
into N-methyl-2-nitroaniline (98a). The vyield was rather poor because of hydrolysis and
resinification, however, in aqueous methylamine the yield of the corresponding o- and p-methyl-
nitroanilines was as high as 30-50%.2'8253
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The initially formed anhydrobase 95 adds an hydroxide anion in the a-position with respect to the
nitrogen and gives rise to the anionic a-complex 96. After ring opening the recyclization into a benzene
ring takes place.

It is of interest that 1,2 - dimethyl - 3 - nitropyridinium iodide (94a) gives rise to N - methyl - 2 -
nitroaniline (98a) in a higher yield (50%) than the isomeric 1,2 - dimethyl - S - nitropyridinium iodide
(94b) (25%). This means that deprotonisation involves preferential attack of the hydroxide anion in the para-
rather than ortho-position with respect to the nitro-group.

The same holds true with 1,2,6 - trimethyl - 3 - nitropyridinium (99) and 1,2,4,6 - tetramethyl - 3 -
nitropyridinium iodides (100). The compounds containing an ortho-nitro-group with respect to the
2-methyl-group give products in a substantially higher yield than the para-isomers. The Me group in
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position 4 is largely irrelevant to this correlation.
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The predominant formation of ortho-anilines was explained in terms of the r-electron approximation
of the LCAO MO approach (the localised version of the perturbation theory).?* The reaction presum-
ably occurs via the different anhydrobases 101 and 102 whose ratio depends on the C-H acidity of meth-
yl groups in the pyridinium salts 99 and 100. Calculations indicate that the residual -electron charge on
the methylene-group in 102 is by 0.0523 higher than in 101. This suggests the ortho-Me group is more acidic
with respect to the nitro-group than the para-Me group. Therefore the path A is more likely for the
recyclization of 1,2,6 - trimethyl - 3 - nitro - pyridinium (99) and 1,2,4,6 - tetramethyl - 3 - nitropyridinium
(100) iodides.

The electrophilicity of the a-positions in the nitropyridinium cations 94c and 100 was directly estimated
by means of X-ray structural analysis.” The iodine anion proved to have closer contact with the C,
atoms of the pyridine ring. It appears therefore that the inductive effect of the nitro-group gives rise to a
higher positive charge on the C, than on the C¢ atoms, so that the base-induced deprotonisation of the C,
atom must occur more readily. Again, this is in accord with the preferential formation of ortho-anilines.

The open-chain intermediate involved in pyridinium salts recyclization into anilines may undergo
competing hydrolysis or, if amines are used as bases, form a ring by complete or partial amine exchange.
Thus 1-ethyl-2-methyl-3-nitropyridinium (94a) or 2-ethyl-2-methyl-S-nitropyridinium (94b) iodide in
aqueous ethylamine give rise to the corresponding ortho- or para-isomers of N-ethylnitroaniline
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The re-amination of enamines could be reversible, so the formation of N-methyInitroanilines also could
be expected. This, however, was prevented by the great excess of ethylamine. With I-ethyl.-2-methyl-3-
nitropyridinium (94¢) iodide as a starting substance the reaction with aqueous mg{hyamme leads to
recylisation, expulsion of the ethylamine group and formation of N-methyl-2-n!trqamllne (98a). o

In aqueous methylamine the non-quaternised pyridine bases 103a,b open thel.r ring b)( the substitution
of methylamino group for the amine fragment. The products (whose y.ie:Id is not high) result from
recyclization of the acyclic enamine and are identified as N-methylnitroanilines (98).
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Secondary amines are much less capable of recyclization and products usually contain no dialkyl-
amine fragment. For example, 1,2-dimethyl-3-nitropyridinium iodide (94a) with dimethylamine yields
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N-methyl-2-nitroaniline (98a); the isomer 94b, on the other hand, gives a mixture of the nitroanilines 98b and
98¢ (mostly the former component). That is, secondary amines, like aqueous alkalis, result mainly in
recyclization in which the alkylamine fragment of the initial quaternary salt is retained.?'**

0 [VRY] /
T t N 9_&(\,5

0 <CH
CH = =th,
® M (e o
Me O,N 2!
9_‘[0,5 Meﬁ“ - ~ N ——
0 c H, NMe,
H N"el %e

If two Me groups are present in the a-positions of the pyridine nucleus and reamination is involved,
recyclisation may be expected to afford two pairs of the isomeric nitroanilines 104 and 105. 1,2.4.6-
Tetramethyl-3-nitropyridinium iodide (101) proved a convenient model for the investigation of steric
effects in reamination: its reaction with aqueous methylamine results in high yield of the
nitroanilines (90%), while the ratio between the o- and the p-isomers (2:1) seems to be independent of
the steric difficulties arising from the part played by the methylamino group during cyclization. The
dominant influence appears to be that the hydroxide anion prefers to attack the para-position with
respect to the nitro-group. In aqueous ethyl-, n-propyl- and n-butyl-amines the o-and the p-isomers are
formed in equal amounts, which suggests the predominance of the B pathway. The ratio is virtually
independent of the medium (Table 1). However, in an aqueous alcoholic solution of pentadecylamine,
the yield of the ortho-isomer suddenly increases to 60%. This fact may result from the surface activity
of the reagent.

Me Me
N NO, NO,
0 N;MCNa CH NHMe
e
H . \04a
Ho® QNN Me Me
CH:  cwg NHR
104 8-y
Me
N0,
RHN CH,
1058-}
He
NO,
CH,
050

The reaction in aqueous 8-carbon-branched isobutylamine proved to result in equal yields of the o-
and the p-nitroaniline. With isopropylamine and sec-butylamine the overall yield of the reamination
products decreases considerably, though the yield of p-nitroanilines is still about 40%. Thus the
formation of the ortho-isomers is suppressed. Finally, tert-butylamine fails to cause reamination. Like
aqueous alkali, it brings about the recyclization in which the initial quaternary salt alkylamino-group is
retained.
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Table 1. Interaction of 1,2.4,6-tetramethyl-3-nitropyridinium iodide (101) with amines

Yields, %

Amine

1043 10b- 1056~ 3 195a
Mel'H, 63 — - 31
EtNIL, -- b 40 b 36 ——-
n-PrNH2 2 c 38 c 4 1
n-Euivl'H2 2 d 42 d 37 1
n-BuNH,* 2 d 146 d 38 2
n-615H31NH2 2 e 63 e 24 1
i-BuiwiH2 2 f 41 f w0 5
i-}’x‘!.'}*l2 5 g n g 41 3
sec-BuNH2 2 h 12 h 38 5
t,-BuI\'H2 32 -— -——- 21
Me 2NH 3 i 6 i 63 7
(CH, ) ghI x 3 303 333 13

* In 50% aqueous ethanol.

The 1,2,4,6-tetramethyl-3-nitropyridinium iodide (101) with primary amines (except for t-butylamine)
affords, apart from the re-amination products 104b—j and 105b-j, a minor amount of N - methyl - 3,5 -
dimethyl - 4 - nitroaniline (104a) and N - methyl - 3,5 - dimethyl - 2 - nitroaniline (105a). Aqueous
dimethylamine and piperidine cause the same rearrangement. The direction of re-amination in this case is
also largely dependent on the steric effects of the dialkylamino-group.*®

To sum up, the re-amination during recyclization is a process depending on the number of alkyl
groups attached to the amine nitrogen and the extent of their branching, particularly at the a- and,
somewhat less significantly, at the B-carbon atoms. Steric effects decrease the yield of ortho- and
increase that of para-nitroanilines as reamination products. These data provide further support for the
above mechanism of recyclization of pyridinium salts.

It was our belief that the activation of the a-Me group by an acceptor substituent would increase its
C-H acidity, thus promoting the benzene ring formation from the open-chain intermediate. To check this
assumption we have treated 1,2-dimethyl-5-nitropyridinium iodide (94b) with acetic anhydride in pyri-
dine. The product obtained in the 45% yield was the anhydrobase (107) apparently formed via the
2-acetonyl-5-nitropyridinium salt 106. In aqueous methylamine the anhydro-base shows recyclisation by
the elimination of the acyl fragment and gives N-methyl-4-nitroaniline (98b) in the 35% vyield.”" The
acetyl-group elimination appears to arise from the solvolytic instability of the 1,3-dicarbonyl fragment in
the open-chain intermediate.

oN O,N
CsHsN \N CH,COCH, \cucocn, NHMe
e _‘4 H m
It is important to note that under these conditions the 1,2-dialkylpyridinium salts which bear no
activating nitro-group on the nucleus do not show any recyclization. 1,2-Dialkyl-3-cyanopyridinium salts
exhibit a sophisticated double rearrangement leading to 2-aminopyridine derivatives containing no
cyano-group (see above). The substitution of an acetyl group for the nitro-group in compounds of type

(94) makes recyclization possible but under the action of methylammonium sulphite the process involves
elimination of the acetyl group.”’

COCH,
-
QICN (MeNH,), S04 @
e NHMe

lO
Me
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In a series of experiments in our laboratory it was expected that the sulfite ion would add to
1,2-dialkylpyridinium salts to cause their recyclization into anilines even for the compounds containing
no electron acceptor-group. Indeed, the heating of 1,2-dialkylpyridinium iodides (108a-n) with methyl-
ammonium sulphite resuited in N-alkylanilines 110a-n in 40-80% yield (Table 2).¥*?* A paraliel process
was dealkylation by virtue of direct attack in the C atom of the quaternising radical R and the formation
of pyridine bases 111a-n.

R H S SR A SONHR
L, R
SN2 CH, R CHR? 0= =CHRY
R | : ™
R 108 o-n 109

4

@C 2
I IIQ

ﬁlq—n

R

4

ot
g

110 o-n

Alkyl groups (R’) reduce the electron deficiency of the ring and give rise to steric difficulties for the
sulphite ion addition. Accordingly, the yield of R'-substituted recyclization products decreases, parti-

Table 2. Recyclization of 1,2-dialkylpyridinium iodides 108a—u into N-alkylanilines 110a-a under the effect of

methylammonium sulfite
ig;;éSid Product Yields, <
108 110 m 19 1
a-h R = He a=h R = Me a-h R = Me
ak R°= H |a-k RP= H | a-k R?- H
a  R'sy-Me |a R'z=3-Me [ a R's 4-Me | wui 36
b R'=6-Me |a R'=3-Me | b R'= 6-Me | 71 17
¢ R'=3-Me [¢ R'=2Me [c¢ R'=3Me | 59 22
d  R'=4,6-Me d R'=3,5-Me| ¢ R'=4,6-Me | 24 43
e R'=5-Et | e R'=4-Et | a4 R'=5-Et 19 70
£ R's5-Me | £ R'=y-Me | £ R'=5-Me 48 35
3 R'=6-Me | j R'=3-tie | J &'=6-Me 96 --
R = CygHss| R=CygHas R=C,gHss
h-n R's K h-n R'=sH | h-n R'=H
n R=Me R = Me R = Me 80 -
i R=£t* |1 REt | aemee- 40 -
3 BCiolpgl 3 ReCipHyg | —mmees 31 --
k  R=CigHss| k R=CgHzs | =--—o- 82 -
1 R=Me 1 R=Me 1 R=Me 67 13
R2=Pr R2=Pr R2=Pr
@-n  R%=Ph m,n R2=Ph m,n R2=Ph
m R=Me n  R=Me n R=Me 73 8
n  R=Et* n  R=Et n R=Et 68 10

’)Recyclization was accomplished under the effect of ethyl-

ammonium sulfite.
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cularly with y-2-methylpyridines. 3-Methylpyridines and especially 2-methylpyridines are less suscep-
tible to this effect. This suggests predominant addition of the sulfite ion to the C-4 atom, so that the initial
products are the 1,4-dihydropyridines 109 which recyclise into aromatic compounds by eliminating the
reagent. By this process, good yields of 2-(N-alkylamino)biphenyls (110m-n) were obtained by heating
N-alkyl-2-benzylpyridinium iodides (108n-m) with methyl- or ethylammonium sulfite.?’

o) —=— Gy

108%n,m

N
NHR H “~NHR
1Onm

In the same manner l-alkyl-2-benzylpyridinium salts with alkylammonium sulfite exhibit easy
recyclization involving the N-substituent exchange. Secondary amines show largely similar behaviour,
though the yields are lower and the products contain no dialkylamine fragment.

,\ R'=Me,Et

R
NHMe

NHe1

Sulfites of heterocyclic amines (morpholine, piperidine and piperazine) may also bring about the
recyclization of pyridinium salts into anilines, provided the amine is of sufficient basicity. As in the
previous case, the recyclization may be accompanied or not accompanied by the alkylamino-group

exchange. Another process observed is N-dealkylation. 2
+ @
N Chy

o Iuso, Q
(\J\CHg N +
[xj NHHQ
X=0,CH, NH.

The method permits recyclization of non-quaternised compounds as well. Namely, 60-70 hr heating
of 2-methyl-, 2,6-dimethyl- and 2-butylpyridine with aqueous methylammonium sulfite resulted in
satisfactory yields of N-methyl-, N,3-dimethyl- and N-methyl-2-propylaniline respectively. The reaction
between ethylammonium sulfite and 2-methylpyridine in the presence of ZnCl, gave rise to 6% yield of
N-ethylaniline.>®

303NH;Q $05NHSQ
/ RNH ).So
Q‘ CH,R o S
p NH,

SOQNH 3“ R R‘L
scun‘ @wn

u-ne,st;n‘=ne,u~,n'=u,.\-pr.
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On addition of zinc chloride the yield of N-methylaniline from 2-methylpyridine was as high as 40%.
The effect of zinc salts is not yet completely understood. However, it may be assumed that this
activation depends on the equilibrium involving the pyridine base complex which undergoes further
conversion. It is interesting to note that in this case, as with pyridinium salts, the 3- and 4-Me groups
impede the reaction.

Dialkylamines cause no recyclisation of 2-methylpyridines. The goal can be attained, however, by
heating with a mixture of aqueous ammonia, ammonium sulfite and zinc chloride. In this manner
aniline and 3-methylaniline were obtained in about 10% yield. In principle, therefore, recyclization into
primary arylamines is possible.>*®

05"“.
4
R \N , R NH,

(

If a functional group is present in a substituent, then the recyclization of pyridinium salts may give
rise to a new heterocycle. Thus 1-methyl-2-(pentanon-2-yl)pyridinium iodide (112) when heated with
methylammonium sulfite forms 1,2-dimethyl-1,2,3,4-tetrahydroquinoline (115, 48% yield), tetralone-1 (116,

yield 24%) and 1,2-dimethyl-1,4-dihydroquinoline (114).2

N
NH |
Me Gt Me
S04NH3Me
(CH)cocH, 0= = CH(CH,),COCH,
H WM
Me

Q
Hao_-SOaNH,Me
“ O é@
0= =0

B (CH,),CaCH, SOyNH,Me

The recyclization of the pyridinium salt 112 in the presence of the sulfite ion, therefore, leads to
1,4-dihydroquinoline 114 rather than the aniline derivative 113. Subsequently 114 is reduced to the
tetrahydroquinoline 115 by the excess of the sulfite ion.

In terms of structure the pyridine ring is evidently the simplest heteroaromatic system capable of
enamine rearrangement. In other words, its recyclization into anilines is of general significance in
the chemistry of heteroaromatic compounds including condensed systems containing a pyridine ring. In
these terms the simplest heteroaromatic structure conceivably capable of recyclization are indolizines.

In accord with expectation, the nitroindolizines 117 when heated in water-alcohol alkali rearranged
yielding the corresponding nitroindoles 118 in 40-90% yield.2s*

0,N. 0,
| -]

N = x> Z
R ® R
1"

o
0N, 0,N ON
) sl R = ____ T
N N 2~ R eN P R
HO H 0 H
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This reaction, too, begins with the nucleophilic attack by the hydroxide anion directed at the carbon
atom by the aromatic nitrogen. The next stage is the ring opening (probably according to the
electrocyclic mechanism) by C-N bond fission. It is then followed by ring closure and the C-C bond
formation.

An intriguing fact is that the isomerisation is caused solely by the hydroxide anion. In anhydrous
media with alkoxide anions or amines as nucleophilic agents, the pyridine ring did not open, though PMR
data suggested the formation of stable o-complexes. In the presence of atmospheric oxygen the
a-complexes with aliphatic amines were rapidly oxidised leading to S-aminonitroindolizines.2%*2%

The electron excessive substances such as indolizines required additional activation by electron
acceptor substituents.®” In contrast, heating of the 1,2-dialkylisoquinolinium salts 119 in aqueous or
alcoholic alkylamine caused their recyclization into a-naphthylamines in 70-90% yield.?®

S, o Q0 — QO
A ZCHR! N

4

Similarly 3-substituted isoquinolinium salts yield 8-naphthylamines.? With 1,3-dialkyl derivatives
two competing processes are observed; they result in both the a- and the g-naphthylamines, the fission
occurring primarily at the C;-N bond. Like pyridinium salts, isoquinolinium salts may recyclise into
naphthylamines by exchange of the N-substituent. Papaverine methiodide with methylammonium
acetate also recyclises into the corresponding naphthalene derivative.

Me0 X
®
Me0 Z Me Me0
L
Me0 O
NH
| OMe
Me
Ot OMe
OMe

The above-discussed pyridine ring recyclizations include the reactions involving the a-carbon
attached to the 2-position of the pyridine ring, or, in other words, the enamine fragment of the
corresponding anhydropyridine. A formal structural approach, however, suggests that the recyclization
could involve more remote but reactive substituents. In fact, recently it has been shown that g-
nicotyrine methiodide under the effect of an alkali undergoes recyclization leading to an indole
nucleus. 202"

-2 I .919__.. 4 | | ﬂ.'.{ 7 | | —
N Me N Me N Me
70 1® HO |
4 Me Me
| — |
'f 'f
MeN=CH Me CHO e

120

In this reaction the substituent which becomes involved is attached to the position 3 of the pyridine
ring. The necessary nucleophilicity is provided by the general electron availability from the pyrrole ring.
In a rearrangement with methylammonium sulfite, it is possible to isolate the corresponding aldimine 120.
Both processes are accompanied by nicotyrine N-demethylation yielding B-nicotyrine 121.
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A similar rearrangement into 1-formylcarbazoles was observed with 1-methyl-3-(2-indolyl)pyridinium
iodides.?

)
W

R=H,Me, Br.

These examples show new ways of synthesizing the indole and the carbazole nuclei. They also
indicate the direction of research to expand the opportunities of the rearrangement under consideration.

The new type of recyclization described in this chapter is not characteristic of pyridine only. We
have also observed base-induced recyclizations of monocyclic and polycyclic structures containing
a pyrimidine ring. For instance, 1,2-dialkylpyrimidinium salts may be converted into 2-alkylamino-
pyridines. In a similar manner the pyrimidinium ring gives rise to a pyridine structure in reactions between
bases and pyrazolo[1,2-alpyrimidines? or pyrimido[1,2-alindoles.?

x
i
n.—
z
)

2 R

SN RSN

Ol— X
\Ng\cnzp N~ NHMe

Further investigations of the enamine rearrangement is promising. The general approach developed
by the authors?” recognises the requirements in the initial structure and in the reagent. Thus it becomes
possible to predict and carry out new types of chemical transformations.

(3) More examples of benzene ring formation. The reaction of pyridine with a mixture of potassium
acetate and sodium amide at 200° under 50 atm was found to afford potassium benzoate. Sodium amide
may be replaced by sodium, sodium hydride, potassium or butyllithium. The yield of benzoic acid in
these reactions varied from 0.5 to 6%, with only a minor part of pyridine reacting.””®

CH,COOK + NoNH, —= NaCH,COOK + NHy

Z Z
~ || +NoCHCOM— HQ — H\Q -NaNH,
KO.CCH,Na NN paox

Another reaction leading to benzene ring formation is the transformation of pyridine bases into
isonitrile benzenes under the effect of chloroform and alkali.>” Thus 2- and 4-methylpyridines give rise
to phenylisonitriles; the recyclisation was also observed with all the dimethylpyridines except for the
3,5-compound. Though the mechanism of this reaction is unknown, it must be essentially dependent on
the formation of dichlorocarbene.

TETRA Vol. 37, No. 20—C
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When treated with sodio-derivatives of B-keto-esters (R’CH,COCH,COOEt, R? is H or COOEL), the
derivatives of the 3,5-dinitropyridones 122a,b undergo recyclization into the corresponding ethyl esters of
2-hydroxy-S-nitrobenzoic acid (123 R?=H and R?=COOEt) and nitroacetamide 125. At first the
carbanion apparently adds in the position 6 or 4 to form a Meisenheimer complex; the position 4 or 6 is
then attacked by another nucleophilic centre to yield a bicyclic intermediate. The latter affords the final
products 123, 124 and the nitroacetamide 125 after the C,—C¢ and the C-C, bond cleavage.

COOEt
0N NO OH
¥ 'L, <] 4
RCH COCHC R
R ;.@‘B . o ¥ ONCH,CONHMe
’ 13
Me 125
23 2=
2 aR=H 123 o b Ri H
BD‘=L“MG ‘2_‘4 Q,B Q =COOEt

VL. CONCLUSION

The evidence on the pyridine ring recyclizations available at present concerns primarily the
formation of hetero- and carbo-cycles involving the alkyl(aryl)amino-group exchange, which is quite
natural considering the high solvolysability of the N=CH bond in pyridinium salts. Some of these
reactions are significant as preparative methods. On the other hand, in certain recyclizations the
substituent takes part in the formation of a new ring. This type of conversion is of both theoretical and
practical interest, particularly as an efficient preparative means. The enamine rearrangement of pyri-
dinium salts into anilines described by the authors is a new type of recyclization. The information on the
structural factors and reaction conditions obtained so far promises to provide new exciting results. Our
concept suggested in*'*? makes it possible to predict certain new conversions of heteroaromatic
compounds. Moreover, the unusual recyclisations involving substituents and leading to heteroaromatic
structures or to benzene rings offer excellent prospects concerning the adjacent fields of heterocyclic
chemistry.

The recyclizations of pyridine derivatives not activated by quaternization are relatively scarce. Due
to the insufficient polarisation of the aromatic ring in this case the nucleophilic attack is non-selective
and the C-C as well as C-N bond cleavage takes place.
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