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The review is devoted to two rearrangements of iodoalkylates of pyrimidinylacetic acid
derivatives proceeding under the action of biogenic and pharmacophore-containing primary amines
and carboxylic acid hydrazides. The reactions result in almost inaccessible by other ways nicotinic
acid and pyrazolo[1,5-a]pyrimidine derivatives.

Figs. 3, references 76.

Introduction

Pyridine and pyrimidine derivatives are known to form the basis of many
medications. Therefore, obtaining new derivatives of these heterocycles to a great
extent is a guarantee for revealing biological activity in synthesized compounds. The
probability of biological activity manifestation significantly increases upon
introduction of pharmacophore groups or fragments of natural biogenic compounds
into a molecule of a compound being synthesized.

It is known that the reactions used in medical chemistry, as a rule, are based on
well-proven and simple transformations, such as the reactions of substitution,
condensation, cyclization.

The presented review is devoted to novel, original methods of introducing
pharmacophore and biogenic groups into molecules of nicotinic acid derivatives and
those of condensed system of a series of pyrazolo[1,5-a]pyrimidine. Elaboration of
these methods is connected with study and revealing in our laboratory novel
nucleophilic recyclizations of 1,4,6-trimethyl-2-(ethoxycarbonyl)methylpyrimi-
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dinium iodides proceeding under the action of such nucleophiles as various amines
and hydrazine derivatives. The suggested presentation focuses on rearrangements of
pyrimidinium iodide under the influence of different nitrogen-containing
nucleophilic reagents proceeding through heterocycle recyclization. The described
transformations result in derivatives of pyridine, 1,2,4-triazole and fused systems
containing biogenic and pharmacophore fragments of the initial amine reagent.

1.1.The background of work

Within the last several years the Laboratory of Nitrogenous Heterocycles of the
Institute of Organic Chemistry of the Scientific Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA together with the Laboratory of Biologically
Active Heterocycles of the Russian-Armenian University have been involved in the
research of nucleophilic rearrangements of pyrimidine systems. The research is
aimed at study of isomerizational recyclizations, in particular, of the so-called
“enamine rearrangements” [1-8] or “Kost-Sagitullin rearrangements”. These studies
continue and develop the investigations started in the seventies, when was
discovered the rearrangement of 1,4,6-trimethyl-2(ethoxycarbonyl)methylpyrimidi-
nium iodide into 2-aminonicotinic acid derivatives proceeding under the action of
amines, as well as recyclization of condensed pyrimidines into condensed pyridines
[9-11].

Formally the recyclization proceeds with substitution of endocyclic nitrogen
atom by exocyclic carbon atom. That is why to mark such recyclizations we have
introduced the term N-C-rearrangement [12-14].

By analogy with the known Dimroth rearrangements in a series of
pyrimidinium salts [15-19], where the initial nucleophilic attack is at position 6, we
have proposed the scheme of the given transformation [2, 9] with the attack at
position 6.
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It has been shown in our laboratory that similar rearrangement of 1,2-
dialkylpyrimidinium salts could also proceed under the action of various amines
containing a radical other than that at a quaternized nitrogen atom of the
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pyrimidinium salt [20-23]. This leads to recyclization of the pyrimidine derivative
into pyridine derivative with simultaneous incorporation of the alkyl amine group of
the amine reagent into the molecule of the reaction product. As a result almost
inaccessible 2-alkylaminopyridines are formed that contain a fragment of the amine
introduced into the reaction.
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lodomethylates of pyrimidinylacetic amides and nitriles also enter into similar
rearrangements [14, 24].
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Experimental prove of the possibility of nucleophilic attack on the 2™ position
was obtained in the process of the reaction (in cold) of pyrimidinium salt 1 with an
alcoholic solution of potassium hydroxide. Intermediate product 2 was isolated, the
structure of which was proved by the methods of NMR- and IR-spectroscopy and
mass-spectrometry [25].

We have shown in subsequent studies that brief heating of pseudo base 2a in
chloroform leads to anhydro base 3a in quantitative yield, while the complete accord
of the mass spectrum of 3a with the mass spectrum previously recorded in the study
of 2a (discrepancies only in the peak intensities) supports our previous proposal [25]
of the loss of water upon electron impact during the recording of the mass spectrum
of 2a.

The similar attack of the hydroxide ion at C-2 in the pyrimidine ring was also
noted in the reaction of 2-(ethoxycarbonyl)methyl-1-ethyl-4,6-
dimethylpyrimidinium iodide (1b) with KOH, leading to pseudo base 2b, which also
lost a water molecule upon heating in chloroform.

We noted that the elimination of water from pseudo base 2b upon heating in
chloroform proceeded very rapidly. Thus, only anhydro base 3b was recorded in the
mass spectrum and also in the 'H NMR spectrum in CDCl3. Products 2b and 3b
differed in their physicochemical characteristics and IR spectral data, which caused
to establish the structure of pseudo base 2b [26].

Heating 2-(carbamoyl)methyl-1,4,6-trimethylpyrimidinium iodide (1c) with an
equivalent of KOH in absolute ethanol for 1 min led to anhydro base 3c, probably
also through the intermediate formation of pseudo base 2c. Anhydro base 3c was
isolated by chloroform extraction. By analogy with the previous examples, this
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transformation also involved water elimination. The chloroform extraction was
carried out to avoid side reactions occurring when using polar solvents since the
intermediates of the transformation of iodide 1c do not dissolve in nonpolar solvents.

Pseudo base 2a rearranged upon heating in absolute ethanol as well as in the
presence of primary amines 4a-c to give mainly pyridone 5, which was also formed
in the rearrangement of 1a by the action of primary amines in an agueous medium.
The product of the normal rearrangement, 2-methylamino derivative 6a, and in the
reaction with amines 4b and 4c the "product of the rearrangement with
transamination” 6b and 6c¢ were formed in small amounts. Partial demethylation also
occurred, leading to pyrimidines.
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1,2,3:aX=0Et,R=Me; bX=O0Et, R=Et; ¢X=NH, R=Me.
The assumed Scheme of the rearrangement is given below.
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It was also shown that with recyclization of pyrimidinium salts under the action
of different amines, the direction of transformation could vary depending on the
presence of moisture. Thus, by interaction of salt 1 with different amines in the
presence of even small amounts of water, in addition to the recyclization product
with transamination substituted pyridone was also isolated [22, 27].
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The assumed Scheme of the rearrangement is given below.
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1.2. Pyrimidinium salts rearrangements under the action of biogenic amines

We have assumed that similar rearrangement with substitution of the amine
moiety could also proceed by the action of various biogenic amines on the
pyrimidinium salt. Such the amine moieties exchange should make this reaction
suitable for the synthesis of novel biologically active pyridines. In particular, it was
expected that by selection of the appropriate amines, including also biologically
active ones, pharmacophore groups could be incorporated into the pyridine ring. In
this case it could be possible to form easily, in one stage, almost inaccessible by
other ways derivatives of biogenic nicotinic acid that also contained another
biogenic moiety in the molecule, namely, moiety of the amine used in the reaction

[28].
CH,
Pharmacophore )—NH,
)
H,C Nf‘v Nf Pharmacophore

R I_

To verify this assumption, we have studied reactions of iodomethylates of some
pyrimidinyl-2-acetic acid derivatives with amines containing various pharmacophore
groups. In particular, we studied reactions with amino alcohols (aminoethanol, 3-
aminopropanol and isomeric to it 1-amino-2-propanol). As a result 2-hydroxyethyl
derivatives of substituted nicotinic ester 7 and isomeric hydroxypropyl derivatives of
the same ester were obtained [29, 30].
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The  reactions with  amines  (ethylamine,  benzylamine, para-
isopropoxybenzylamine and cyclohexylamine) as well as with aminoether —
ethoxyethylamine were carried out. As a result of the proceeding rearrangements,
accompanied with amine exchange, different novel nicotinic acid derivatives were
synthesized. In position 2 of the pyridine ring they contained fragments (moieties) of
the amine reagent brought into the reaction [20, 21, 31, 32].

Of attention is the fact that, as a rule, the reaction of iodides 1 with amines
proceeds in two directions resulting in affording the product of normal recyclization
(8) and the product of “rearrangement with incorporation” into the molecule of
amine reagent fragment (9). Noteworthy is also the fact that the yield of the product
of “rearrangement with exchange amination” 9, as a rule, is much more than the
yield of the product of normal rearrangement 8.
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The steric factor is likely to be significant in this reaction, as indicated by the
high yield and formation of only the rearrangement-transamination product in the
reaction of salt 10 containing an ethyl group with methylamine. In contrast, when
the substituting group is bulkier than the leaving group, both possible enamine
rearrangement products are formed. Furthermore, in a number of cases, the steric
factor may completely prevent formation of the rearrangement-transamination
product. Thus, the results of the reaction of salt 1a with diethylamine and that of
iodoethylate 10 with tert-butylamine, in which rearrangement—dealkylation products
are formed without rearrangement—transamination products, may be attributed to
steric factors [22].
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As reagents in the rearrangement were also used various derivatives of
ethylamine, containing fragments of morpholine, piperidine, pyrrolidine and of other
bioactive groups that are active moieties of many medications [32-34]. The
rearrangement of iodide 1a under the action of indicated amines proceeded in two
alternative reaction paths. This led to formation of the product of normal
rearrangement 8 and the product of “rearrangement with exchange amination” 12-
18. On the example of pyrrolidine, morpholine, and piperidine derivatives it was
proved that, when carrying out the rearrangement of iodide 1a without a solvent at
90 °C in the excess of these primary amines, the yield of the product of
“rearrangement with exchange amination” (12-14) increased, and the yield of the
product of normal rearrangement 8 decreased [35].
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Such increase in the yield of products of rearrangement-exchange amination
was also noted upon interaction of iodide 1a with monoacetylethylenediamine and
cyclohexylamine in ethanol and without a solvent [35]. Thus, if in ethanol the yield
of compounds 17 and 18 made up 31% and 24%, carrying out the same reactions
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without a solvent in the excess of amine afforded products of exchange amination in
the increased yield of 66% and 55%, correspondingly.

The reaction of pyrimidinium salts with such diamines as hydrazine and
amidine derivatives leads to formation of pyrazole, triazole, or pyrimidine
derivatives [36, 37]. We studied the reactions of 2-(ethoxycarbonyl)methyl-1,4,6-
trimethylpyrimidinium iodide (1a) with hexamethylenediamine 19 and ornithine 20,
which are compounds containing two primary amino groups. In both experiments, in
addition to the rearrangements that are typical of these reactions (pyridine 8 and
pyridine 5a, and also pyrimidine 11), compounds were isolated (21 and 22
respectively) for which the *H and *C NMR spectra and the elemental analysis data
suggested participation of both amine groups in a ‘"rearrangement with
transamination.” [38]. The latter was observed for the first time not only in Kost—
Sagitullin rearrangements but also in the better studied Dimroth rearrangement.
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It is notable that, as it was mentioned above, in the reaction of pyrimidinium
salt with monoacetylethylenediamine the recyclization proceeded at the expense of
only the single nonacylated amine group (17). This can be explained by the reduced
nucleophilicity of the atom of amide nitrogen.

An interesting example of “rearrangement with exchange amination™ is the
observed transformation under the action of benzylamidine when the amidine
moiety of the molecule is incorporated into the molecule of the nicotinic acid
derivative and compound 23 is formed.
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1a 23
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It is shown that similar “rearrangement with exchange amination” also
proceeded with participation and by the action of various biogenic amines, namely,
triptamine, octopamine (structural analog of noradrenaline), 3-phenylpropylamine.
As a result were synthesized new derivatives of nicotinic acid 24-26 containing two
active biogenic fragments in a molecule — fragment of the corresponding amine and
fragment of nicotinic acid derivative [34, 39].
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Such amphoteric amines, as aminoacids (B-alanine, y-aminobutyric acid, and ®-
aminocaproic acids) and their esters turned out to be able to undergo the reactions of
“rearrangement with exchange amination” with iodide la. This allowed to obtain
new compounds 27-29 — N-substituted amino acid derivatives containing two
biogenic fragments in a molecule — fragment of the corresponding amino acid and
fragment of the nicotinic acid derivative [40]. It should be mentioned that besides
the nicotinic acid derivative, which contained amino acid moiety, pyridine 8 and
pyridone 5a were also formed.
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It is interesting that with glycine and its ester we failed to carry out
rearrangement with exchange amination and the product of normal rearrangement 8
was isolated (in case of carrying out the reaction in ethanol or isobutanol), and when
the reaction was carried out in water, pyridone 5a was formed in 55% yield [40].
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Upon interaction of salt la with tri(hydroxymethyl)aminomethane the
volumetric substituent of the latter, connected with the amine group, created
hindrances for the amine attack on the pyrimidine ring. Therefore the amine attack
was delivered on the esterial group, which resulted in affording amide 30. The latter
readily rearranged when reacted with benzylamine having a less volumetric
substituent. This resulted in obtaining pyridine 31 [26].
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Rearrangement of iodomethylates of some pyrimidinyl-2-acetic acid derivatives
under the action of amines containing biologically active heterocycles — pyrazole
and 1,2,4-triazole ring was also studied [41, 42]. The direction of the reaction was
revealed to depend on the duration of heating and reaction conditions. Thus, 3-hour
boiling of iodide 1 with 2-(3",5 -dimethylpyrazolyl-1°)ethylamine vyielded the
product of “rearrangement with exchange amination” — derivative of nicotinic acid
32. But on longer boiling together with rearrangement, elimination of the esterial
group also occurred and pyridine substituted derivative 33 was formed.

The yield of the product of “rearrangement with exchange amination” was also
found to increase when the reaction was carried at room temperature, i.e. without
heating.
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The interaction between iodide la and l-aminopiperidine, which may be
considered as 1,1-disubstituted hydrazine derivative, resulted in products of normal
rearrangement 8 and of “rearrangement with exchange amination” 34. Actually such
a hydrazine derivative reacted as a primary amine. Similarly to other amines, the
reaction between salt 1a and 1-aminopiperidine without a solvent, in the excess of 1-
aminopiperidine led to the yield increase of the product of “rearrangement with
exchange amination” — pyridine 34 up to 67% [35].

In continuation of this work, the possibility of rearrangement of 1,4,6-trimethyl-
2-(ethoxycarbonyl)methylpyrimidinium ethyl ester iodide (31) into pyridine
derivatives under the action of other 1,1-disubstituted hydrazines was studied. It
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turned out that salt 31 with 1-methyl-1-phenyl and 1,1-diphenylhydrazines
transformed into 4,6-dimethylnicotinic ethyl esters (compounds 34 and 35,
correspondingly) containing the appropriate hydrazine fragments in position 2 of
pyridine. Ethyl esters of 2-methylamino-4,6-dimethylnicotinic acid (8) and (4,6-
dimethylpyrimidin-2-yl)acetic acid (11) were also isolated from the reaction
mixtures. That is, besides recyclization, which proceeded with the inclusion of the
nucleophilic moiety into the reaction product, concurrently proceeded
isomerizational recyclization without inclusion of the reagent (pyridine 8) [43].

Me

COOEt
+ 8 + 11
)Vcooa

ve R = Me, Ph. 35: 36

The rearrangement with the inclusion of the reagent into the final reaction
product was observed when salt la reacted with 1-(3-aminopropyl)imidazole. It
resulted in isolation of 2-[3-(1H-imidazol-1-yl)propylamino]-4,6-dimethylnicotinic
ethyl ester (37) as well as of derivatives of pyridine 8 and pyridone 5a formed in the
process of recyclization and hydrolysis of the amine group. Under the influence of
2-hydrazino-4,5-dihydroimidazole the transformation proceeded in the direction of
recyclization of the classical enamine rearrangement, and under the influence of
dimethylaminoacetic acid hydrazides — pyridone 5a, pyridine 8 and pyrimidine 11
[43].
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Summarizing, it can be concluded that when interacting salts of
pydimidinylacetic acid derivatives with various primary amines the rearrangements
can proceed in three directions:

o with the attack of the nucleophilic particle at position 6 (path A) affording

the product of classical rearrangement (compound 8);

o with the attack at position 2 of the pyrimidine ring (path B) affording the

product of rearrangement with inclusion of the amine reagent into the

forming pyridine (path B;) or, affording pyridone 5 in case of the presence
of water in the solution (path B,).
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Thus, a novel, non-conventional approach to obtaining potentially biologically
active derivatives of nicotinic acid and of nicotinamide that contain in position 2 of
the pyridine ring biogenic and pharmacophore groups has been developed. It has
been proved that by selection of the appropriate amine it is possible to incorporate
into the pyridine various groups including also pharmacophore ones, i.e. to model
compounds with a pre-set biological activity. It is necessary to underline that it is
difficult to obtain similar polysubstituted pyridine derivatives by other routes.
Therefore the reaction under investigation may become a tool in obtaining novel,
potentially biologically active compounds.

I1. 1. Rearrangements of pyrimidinium salts under the action
of carboxylic acids hydrazides

The other direction of our work in the last years became study of the effect of
carboxylic acid hydrazides on pyrimidinium salt 1. Pyrimidines and N-alkyl
derivatives — pyrimidinium salts are known to readily react with hydrazine and its
substituted derivatives forming, as a rule, azoles derivatives - pyrazole and 1,2,4-
triazole [44-48].

We showed above that in the reaction with 1-aminopiperidine, iodide la
unusually rearranged into pyridine derivative 34. This is explained by the fact that
the second — disubstituted nitrogen atom is unable to participate in the process of the
azole ring formation.

In the reaction of iodide 1la with acetone hydrazone we did not exclude similar
obtaining of the compound with hydrazone fragment incorporation into the product
of the Kost-Sagitullin rearrangement. However, the product of one more
recyclization was isolated — 2-hydroxy-5,7-dimethylpyrazolo[1,5-a]pyrimidine (38)
[30]. The structure of compound 38 has been confirmed by mass- and NMR spectra,
as well as by comparison with samples obtained by an independent route.
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The like recyclization to 2-hydroxy-5,7-dimethylpyrazolo[1,5-a]pyrimidine (38)
was also observed when hydrazine hydrate reacted with iodide 1a [39]. The possible
Scheme of the transformation is given below:
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Until recently, two synthetic strategies for the preparation of pyrazolo[1,5-
a]pyrimidines, as well as other azolopyrimidines, had been known: starting either
from the pyrimidine ring or from the five-membered ring, and constructing the other
heterocycle [49, 50]. Thus, syntheses of similar fused systems from 5-
aminopyrazoles and  other  o-aminoazoles,  where  reactions  with
B-dicarbonyl compounds and their derivatives were used [49, 50], have been
described. For example, synthesis of azolopyrimidines from a pyrimidine derivative
was achieved by reacting 2-hydrazinopyrimidines with orthoformate and some other
carboxylic acid derivatives [51, 52].

Compounds containing condensed pyrimidine systems and a bridged nitrogen
atom are known to present interest as potential analgetics, antitumor drugs,
broncholiths and breathing stimulants [53-57]. In patents and articles there are many
indications on possibility of their practical application. Antituberculous [58],
antiviral [59, 60], psychotropic [61, 62], antimicrobic [63, 64], anticonvulsive
effects of compounds close by the structure have been reported. They form the
composition of some drugs [65, 66]. Therefore, study of a new reaction, which gives
an opportunity in one stage to obtain novel, potentially biologically active
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condensed pyrimidines, containing a bridged nitrogen atom, could not be ignored by
us.

During study of recyclization reactions between pyrimidine derivatives and
nitrogen-containing nucleophilic agents, we identified an unusual transformation of
2-(ethoxycarbonyl)methyl-1,4,6-trimethylpyrimidinium iodide (1a) in the presence
of certain acyl hydrazides [67, 68]. We discovered that in the reaction of this salt
with carboxylic acids hydrazides one more unusual and earlier not described
rearrangement took place. As a result of such transformation pyrazolo
[1,5-a]pyrimidine derivatives that contained a fragment of carboxylic acid hydrazide
were also formed.
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This previously unknown transformation was performed in a single step by
substituting the N(1)-CH3 fragment in the starting salt with the terminal nitrogen
atom of hydrazide group, with subsequent intramolecular cyclization, leading to the
formation of pyrazole ring condensed with a pyrimidine ring.

When alcoholic iodide 1a reacted with acetic, cyanoacetic, phenylacetic acids
hydrazides, the corresponding 2-substituted-3-ethoxycarbonyl-5,7-
dimethylpyrazolo[1,5-a]pyrimidines 39-41 containing in position 2 carboxylic acid
radical (R = CH3, CH,CN, CH,CsHs) [67, 69] were obtained. When carboxylic acids
hydrazides, containing in the hydrocarbonaceous radical heterocyclic rings
(pyrimidine, pyrazole and triazole), were incorporated into the reaction with
pyrimidinium salts, we succeeded in obtaining pyrazolo[1,5-a]pyrimidine
derivatives. The latter contained in position 2 biologically active (pharmacophore)
heterocyclic groups [50, 70-74].

R
X
3 o)
AN OEt
R N O Me<__N 2 Rt
) NH, 2NN R* R
R N 4
n ~ N~ <X
N ON
Me N™*Rr
Me
0 NN t°,20-40 h Me
I, N
fo AP e EtOH )~ CONHNH, o
I\I/Ie =N OEt

I- Me Me /N =
Y N"\l/ I N\ Me
N~
R,RY, R2=H,Me; X=CH,CHal,N; n=0,1,2. Me
Me

Heterocyclic acids hydrazides, in which a hydrazide fragment is immediately
connected with a heterocyclic ring, also undergo a similar reaction. Thus by the
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reactions of salt 1 with isonicotinic acid hydrazide (isoniazid) and pyrazol-3-
carboxylic acid hydrazide we managed to obtain pyrazolo[1,5-a]pyrimidine
derivatives 42 and 43 that contained in position 2 pyridine and pyrazole rings [67,
70].

Oy-0Et
7 N\ Me<__N =
N CONHNH, N~ \
— N N‘N/ \ /
Me
Me 42
o NN
EtO N”Me CONHNH,
the EtOH ) o
I- ! N OEt
N Me<_N
la H g S H
X N‘N —
Me o 43

We should note that, along with pyrazolopyrimidines 44-53, another
recyclization product, 2-hydroxy-5,7-dimethylpyrazolo[1,5-a]pyrimidine (38), was
isolated from the reaction mixtures in all cases. In some experiments, the starting
salt 1a gave small amounts of enamine rearrangement product, ethyl 4,6-dimethyl-2-
methylaminopyridine-3-carboxylate (8), and demethylation product, ethyl 4,6-
dimethyl-pyrimidinyl-2-acetate (11), which were typically formed also in other
nucleophilic recyclization reactions of pyrimidines by interaction of salt 1a with
primary amines (Kost-Sagitullin enamine rearrangement and recyclization to 1,2,4-
triazole derivatives) [2, 42, 48, 67].

COONHNH, COOEt COOEt

[\ Me_ % N COOEt
’ N- N~ OH
N ]/\( N N NHMe
Me R Me 43
0 NN, z—\( N COOEt o, Me
M"'/ R’ N Me 2= >\
Fo NTMe pom| @npnconti, S Ny CHrN )\+38+ 8 7]
1a Me (CHy)n- 2 N 2 M NJ\/COOEt
90 °C, 36 h Me Me 44-52 1
! \(
/N_N COOEt
Me N. Me + 38 + 11
, L——conunn, o
44. R=R'=H,X=CH,n=1; Me N/ N-N M
45. R=R'=H,X=CH,n=2, — _  * Ns3 f\>/ ¢
46. R=Me,R' =H,X=CH,n=2; Me
47. R=H,R'=Me,X=CH,n=2; 50. R=R'=Me, X=CBr,n=2;
48. R=R'=Me,X=CH,n=2; 51. R=Me, R!'=H,X=CClL,n=2;
49. R=Me,R'=H,X=CBr,n=2; 52. R=R'=H,X=N,n=1.

Close to the mentioned reactions is an example of iodide 1 recyclization under
the action of aminoguanidine. In this case a hydrazine fragment also participates in
the process of rearrangement affording 2-amino-3-ethoxycarbonyl-5,7-
dimethylpyrazolo[1,5-a] pyrimidine (54) [67].
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The composition of compounds was proved by X-ray structural investigation as
well as mass- and NMR spectra.

C10

Fig. 1. Molecular structure of compound 51 Fig. 2. Infinite molecular chain in the structure
according to X-ray structural analysis with of compound 51 along the [100] direction.
atoms represented by thermal vibration

ellipsoids of 50% probability.

The three-dimensional molecular packing in the crystal 51 featured an unusual
C(8)-H(8)-*O(13) hydrogen bond (the interatomic distances were the following: C—
H 1.013) A, H-O 2.46(33) A, C+0O 3.4093) A, while the C-H-O angle was
157(2)°). This hydrogen bond between pyrimidine H-5 proton of one molecule and
carbonyl group oxygen of another molecule linked the molecules of this compound
in an infinite chain in the [1 0 0] direction.

The rearrangements leading to pyrazolo[1,5-a]pyrimidine derivatives 44-53 can
be apparently interpreted as involving an intermediate adduct, compound 55, with a
mechanism consisting of attack by terminal nitrogen atom of hydrazide at position 2
of the salt 1a, opening of pyrimidine ring at the N(1)-C(2) bond, followed by a
cyclization that includes hydrazine nitrogen atom into the pyrimidine ring. The last
stage of recyclization, namely, the reaction of intermediate 55 leading to closure of
five-membered ring, can occur in two different directions (I and Il), leading to either
compounds 43-53 or 38 (Scheme).

The Scheme of rearrangement includes opening of the pyrimidine ring followed
by cyclization with involvement of the hydrazine nitrogen atom into the forming
pyrimidine ring and cyclization of one more pyrazole ring annealed with a
pyrimidine one.
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The reaction of salt 1a with isoniazid — isonicotinic acid hydrazide, affords
pyrazolopyrimidine derivative 42. However, when into the reaction with isonicotinic
acid hydrazide was incorporated not the salt itself, but anhydrobase 3a, obtained
from the pyrimidinium salt 1a, the reaction proceeded in a different direction. This
led to formation of the nicotinic acid derivative containing a nucleophilic agent
fragment — isonicotinic acid hydrazide [75]. That is, in this case recyclization
proceeded affording the product of “rearrangement with exchange amination” .

In a paper devoted to study of the reaction of 2-(ethoxycarbonylmethyl)-1,4,6-
trimethyl-pyrimidinium iodide (1a) with carboxylic acid hydrazides, we reported on
the synthesis of derivatives of 1,2,4-triazolo[4,3-a]pyridine [75]. In particular, in that
paper we discussed the hypothesis that when salt 1 was treated with isonicotinic acid
hydrazide (56) (isoniazide), cyclization to form triazolopyridine 58 occurred through
a step involving formation of the intermediate 2-hydrazidopyridine 57 (the product
of a Kost—Sagitullin rearrangement). However, as shown by later X-ray diffraction
studies, during the reaction we did not obtain triazolo[4,3-a]pyridines 58 but rather
their isomers: derivatives of pyrazolo[1,5-a]pyrimidine 42 [48].

Fig. 3. Molecular structure of compound 42
according to X-ray structural analysis.
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In studying the reaction of recyclization intermediates 2a and 3a with isoniazide
56, we obtained a compound with a structure matching that of the initially proposed
structure for the intermediate product of "rearrangement with transamination™
(compound 57) [76].

Probably during the reaction, the pseudobase 2a, by eliminating a water
molecule, was converted to the anhydro base 3a, which also underwent the indicated
transformation.

For compound 57 the presence of NH-group signals in the area of 9.27 and
10.64 ppm in the *H-NMR spectrum is characteristic and together with other spectra
data of *H- and **C-NMR and mass-spectroscopy confirm our proposed structure.

Me Me Me
SN S CHC|
| NEZ COEt ﬂ) | y OH le) -H (o) )\/COOEt
Me _ |I\| Kl Me N Me
I I
CH, 1la CH,HH OFEt H, 34

Zaﬁ Me 36/

Me NN
H l
NH

57 © N
N

Thus for the first time we have observed a Kost-Sagitullin rearrangement with
insertion of a carboxylic acid hydrazide moiety into the molecule of the reaction
product.

Thus, we succeeded in elaboration of two novel original routes for the synthesis
of biologically active compounds based on pyrimidinium salts. Schematically it may
be presented in the following way:
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0O030p NOCBSIIIEH ABYM PEIUKIN3AIMAM HOJAIKWIATOB IPON3BOJHBIX ITHPUMHUIIH-
HUJTYKCYCHBIX KHCIJIOT I0J] AefiCTBHEM OMOTEHHBIX U (papMakodopcoaepskamix nepBud-
HBIX aMHHOB U THIPA3HUIOB KapOOHOBBIX KUCIOT. Peakuy MpuBOASAT K MPAKTHIECKH He-
JOCTYIHBIM JPYTHUMHU ITyTSMH IPOW3BOJHBIM HUKOTHHOBOW KHCIIOTHI M mupazoio[l,5-
a]nupuMHIMHA.

Peakmmeii conell MPOM3BOAHBIX MUPUMHIMHIIIYKCYCHONH KHCJIOTHI C Pa3NdHBIMU
MIEPBUYHBIMYA aMHUHAMH YAA€TCS MOy4aTh MPOU3BOJHbIC TUPUANHA, COACPIKAIIHUE B 110-
JIOKEHHUH 2 pparMeHT aMuHHOTO pearenTa. [TokaszaHo, 4To Girarogapst 3ToMy MOXKHO, HC-
X0/ U3 OJJHOTO WJIM HECKOJIBKUX NPOM3BOJHBIX MUPUMHANHA, BAPHUPOBAaHUEM aMHUHOB
(BKiIOYast TakkKe OMOTCHHBIE M OMOAKTHUBHBIE) IOJIy4aTh CEPHH HOBBIX IPOW3BOJHBIX
HUKOTHHOBOM KHCIOTHI. [lyTeM BblAeNeHUS MHTEPMEINATOB PEaKIUi U MOCIEAYIOIETO
UX BBEJICHMS B PEAKIMH C aMMHHBIMH peareHTaMM OIPEIeNICHbI CXEMBI IIePerpynnmupo-
BOK 1 HaIpaBJICHHUE NIEPBUYHON aTaky peareHTa.

Bropast yacth 0030pa NOCBsIIIEHA H3YUESHHUIO TPAHKIl OTKPBITOH B TabopaTtopuu HO-
BOW MEpEerpyNIUpOBKH COJeH MUPHUMUANHUSA MOJ JEHCTBHEM THAPa3HI0B KapOOHOBBIX
KHCJIOT. DTa peaknusi MPUBOAUT K MOJYUYEHHIO MOJIM3aMEIICHHBIX MIPOU3BOAHBIX ITHpa-
30710[ 1,5-alnupumuirba, coaepxKalux B TUPa30JbHON YaCTH MOJIEKYJIbl OCTaTOK paju-
Kajia TUIpa3na.

Ota He onuMcaHHas paHee TpaHc(HOpMAaIsT OCYIIECTBISIETCS] OJHOCTaINITHO 3a CUeT
samernienus: pparmenta N(1)-CH3 ncxomHo# coim KOHLEBHIM aTOMOM a30Ta THAPA3UJI-
HOH TPYIIBI, C TOCIeNyonell BHYTPUMOJIEKYJSIPHOHM IIMKIIM3anuel, NpUBOsIIel K 00-
Pa30BaHUIO KOHJIEHCUPOBAHHOIO C MUPUMUAUHOBBIM NMUPA30IbHOTO LUKJIA.

00630p 00001IaeT pe3yabTATHl HCCIICAOBAHUM, OIYYEHHBIX aBTOPOM H €r0 COTPYII-
HHUKaMH 10 N3yYEHUIO HyKJICODMIBHBIX NEPEerpyNIHPOBOK TUPHUMHUANHUEBBIX COJIEH.

REFERENCES

[1] Kost A.N., Sagitullin R.S., Gromov S.P. // Tetrahedron, 1978, v. 37, p. 3423.

[2] Sagitullin R.S., Kost A.N., Danagulyan G.G. // Tetrahedron Letters, 1978, No43,
p. 4135.

[3] Stradyn Ya.P. // Chem. Heterocycl. Compd., 1979, Nel1, p. 1567.

133



[4] Terenin V.I., Rumyantceva A.N., Kabanova E.V. // Vestnik Moskovsogo Univesiteta,
Ser. Khim. 2, 1992, v.33, p. 203 (Russ).

[5] Chemical Encyclopedic Dictionary / Sov. Entsiklopediya, Moscow (1983), p. 279
(Russ.).

[6] Chemical Encyclopedia / v. 2, Sov. Entsiklopediya, Moscow (1990), p. 963
(Russ.).

[#] Gromov S.P., Kost A.N. // Heterocycles, 1994, v. 38, Ne5, p. 1127,

[8] Kost A.N., Sagitullin R.S., Danagulyan G.G. // Chem. Heterocycl. Compd., 1978,
Ne10, p. 1139.

[9] Kost A.N., Sagitullin R.S., Danagulyan G.G. // Chem. Heterocycl. Compd., 1977, Ne4,
p. 538.

[10] Sagitullin R.S., Mel'nikova T.V., Kost A.N. // Chem. Heterocycl. Compd., 1974, Ne10,
p. 1436. (Russ).

[11] Kost A.N., Kozhevnikov Yu. V., Konshin M.E. // Chem. Heterocycl. Compd, 1980, Ne9,
p. 1286.

[12] Danagulyan G.G., Sahakyan L.G. // Chem. Heterocycl. Compd., 2000, v.36, Ne5,
p. 613.

[13] Danagulyan G.G., Sahakyan L.G., Panosyan H.A.// Chem. J. of Armenia, 2000, v. 53,
Nel-2, p. 62.

[14] Danagulyan G.G., Sahakyan L. G., Tadevosyan D.A. // Chem. Heterocycl. Compd.,
2004, v. 40, Ne4, p. 465.

[15] Brown D.J. - Mechanisms of Molecular Migrations. / New-York, J. Wiley. //1968,
v. I, p. 209.

[16] Brown D.J., Harper J.S. // J. Chem. Soc., 1963, p 1276.

[17] Brown D.J., Harper J.S. // J. Chem. Soc., 1965, p. 5542.

[18] Perrin D.D., Pitman I.H. // J. Chem. Soc., 1965, p. 7071.

[19] Brown D.J., Paddon-Row M.N. // J. Chem. Soc. (C), 1967, p. 903.

[20] Danagulyan G.G., Sahakyan L.G. // Chem. Heterocycl. Compd., 1999, v. 35, Nel0,
p. 1251.

[21] Danagulyan G.G., Sahakyan L.G., Katritzky A.R., Denisenko S.N. // Heterocycles, 2000,
53(2), p. 419.

[22] Danagulyan G.G., Sahakyan L.G., Panosyan G.A. // Chem. Heterocycl. Compd., 2001,
37(3), p. 323.

[23] Danagulyan G.G., Tadevosyan D.A. // in Nitrogen-containing heterocycles and
alkaloids, v. 2, (Eds.: V. G. Kartsev, G. A. Tolstikov), Iridium Press, Moscow,
2001, p. 91.

[24] Danagulyan G.G., Sahakyan. L.G. // Chem. Heterocycl. Compd., 2004, v. 40, Ne3,
p. 320.

[25] Danagulyan G.G., Kinoyan F.S., Tadevosyan D.A. // Chem. Heterocycl. Compd., 2003,
v. 39, Ne2, p. 273.

[26] Danagulyan G. G., Tadevosyan D. A., Kinoyan F. S. // Chem. Heterocycl. Compd.,
2006, 42(6), p. 894.

[27] Danagulyan G.G., Saakyan L.G., Katritzky A.R., Denisenko S.N. // Chem. Heterocycl.
Compd., 1999, 35(11), 1572.

[28] Katritzky A.R., Danagulyan G.G. “Introduction of pharmacophore groups into biogenic
pyridines by pyrimidine-recyclizations”//CRDF/NFSAT award # CH090 02/BGP12040
(2003).

[29] Danagulyan G.G., Saakyan L.G. // Chem. J. of Armenia, 2000, v. 53, Ne1-2, p. 147.

[30] Mkrtchyan A.D. / PhD thesis, Institute of Organic Chemistry NAS RA (Armenia),
2005.

134



[31] Danagulyan G.G. / International Alumniseminar on “Biotechnology and Health",
DAAD-2005, Yerevan, Armenia, October 18-21, 2005, p. 50.

[32] Danagulyan G.G., Tadevosyan D.A. // Vestnik RAU (fiziko-methemat. i estestvennye
nauki). 2006, N 1, p. 81. (Russ).

[33] Danagulyan G.G., Tadevosyan D.A., Tamazyan R.A. / BOSS 10 Symposium, July 12-16,
in Louvain-la-Neuve, Belgium, 2004, TUE 25.

[34] Danagulyan G.G. / 3rd EuroAsian Heterocyclic Meeting "Heterocycles in Organic
and Combinatorial Chemistry" (EAHM-2004), Novosibirsk, Russia, September
12-17, 2004, p. 78.

[35] Tadevosyan D.H. // Chem. J. of Armenia, 2005, v. 58, Ne4, p. 84.

[36] Dickinson R.G., Noel W.J. // Austral. J. Chem., 1975, v. 28, p. 2435.

[37] Barezynski P., Van der Plas H.C. // J. Org. Chem., 1982, v. 47, p. 1077.

[38] Danagulyan G.G., Tadevosyan D.A. // Chem. Heterocycl. Compd., 2005, v. 41(12),
p-1539.

[39] Danagulyan G.G., Sahakyan L.G., Mkrtchyan A.D., Attaryan H.S./ BOSS 10 Symposium,
July 12-16, in Louvain-la-Neuve, Belgium, 2004, TUE 24.

[40] Danagulyan G.G., Tadevosyan D.A. // Chem. J. of Armenia, 2006, v. 59, Ne3, p. 81.

[41] Danagulyan G.G. // in Nitrogen-containing heterocycles and alkaloids, v. 1, (Eds.:
V. G. Kartsev, G. A. Tolstikov), Iridium Press, Moscow, 2001, p. 236.

[42] Danagulyan G.G. // Chem. Heterocycl. Compd., 2005, v. 41, Ne10, p. 1205.

[43] Danagulyan G.G., Tumanyan A.K. // Chem. J. of Armenia, 2013, v. 66, Ne2, p. 287.

[44] Van der Plas H.C. // Ring Transformations of Heterocycles, 1973, v. 1, 2, Acad.
Press, London, New-York.

[45] Van der Plas H.C., Jongejan H. // Tetrahedron Letters, 1967, v. 44, p. 4385;

[46] Van der Plas H.C., Jongejan H. // Rec. Trav. Chim. Pays-Bas, 1970, v. 89, p. 680.

[47] Van der Plas H.C., Jongejan H. // Rec. Trav. Chim. Pays-Bas, 1972, v. 91, p. 336.

[48] Danagulyan G.G., Panosyan G.A., Sahakyan L.G. // Chem. Heterocycl. Compd, 2007,
v. 43, Ne8, p. 996.

[49] Danagulyan G.G., Boyakhchyan A.P., Danagulyan A.G., Panosyan H.A. // Chem.
Heterocycl. Compd., 2011, v. 47, p. 321.

[50] Danagulyan G.G., Boyakhchyan, A.P., Tumanyan A.K., Danagulyan A.G., Kirakosyan V.G.
// Chem. Heterocycl. Compd., 2011, v. 47, p. 386.

[51] Shirakawa K. // Yakugaku Zasshi 1958, v. 78, p. 1395; Chem. Abstr., 1959, v. 53,
8150e.

[52] Allen C.F.H., Beilfuss H.R., Burness D.M., Reynolds G.A., Tinker J.F., Van Allan J.A. // J.
Org. Chem. 1959, v. 24, p. 787.

[53] Spickett R.G.W., Wright S.H.B. // Pat. 1070243 GB [Chem.Abstr. 1967, 67, 100157].

[54] Miller G.W., Rose F.L. // Pat. 897870 GB [Chem.Abstr., 1963, 58, 10211].

[55] Miller G.W., Rose F.L. // Pat. 898408 GB [Chem.Abstr., 1962, 57, 11209].

[56] Makisumi Y., Kano H., Takahashi S. // 9499 (*62) Japan [Chem.Abstr., 1963, 59,
5178].

[57] Makisumi Y., Kano H., Takahashi S. // 9498 (162) Japan [Chem.Abstr.,, 1963, 59,
5178].

[58] Pat. 711756 GB // Roche Products Ltd. [Chem.Abstr.1955, 49, 11723].

[59] Pat. 7336,191 Japan // Sankyo Co. [Chem.Abstr.1973, 79, 42511].

[60] Pat. 7336,190 Japan // Shimizu B., Saito A. // [Chem.Abstr., 1973, 79, 42510].

[61] Pat. 3746714 US // Goldberg M.E. // [Chem.Abstr., 1973, 79, 100768].

[62] Neidlein R., Ziegler M. // Arch. Pharmazie, 1973, v. 306, p. 531.

[63] Pat 2109590 Ger. // Boehringer Mannheim GmbH, [Chem.Abstr., 1973, 78,
84431].

135


http://www.springerlink.com/content/?Author=G.+G.+Danagulyan
http://www.springerlink.com/content/?Author=G.+A.+Panosyan
http://www.springerlink.com/content/?Author=L.+G.+Sahakyan
http://www.springerlink.com/content/0009-3122/
http://www.springerlink.com/content/0009-3122/43/8/

[64] Pat 2202745 Ger. // Boehringer Mannheim GmbH, [Chem.Abstr., 1973, 78,
105268].

[65] Pat 2304307 Ger. // Ciba-Geigy A G. // [Chem. Abstr., 1973,79, 126533].

[66] Tenor E., Ludwig R. // Pharmazia, 1971, v. 26, p. 534.

[67] Danagulyan G.G., Tadevosyan D.A., Tamazyan R.A., Panosyan G.A. // Chem.
Heterocycl. Comp., 20006, v. 42, Ne2, p. 233.

[68] Danagulyan G.G., Tumanyan A.K., Attaryan O.S., Danagulyan A.G., Chupakhin O.N.//
Chem. J. of Armenia, 2014, v. 67, Nel, p. 85.

[69] Danagulyan G.G., Tadevosyan D.A. // Chem. Heterocycl. Compd., 2006, v. 42, Ne3,
p. 414.

[70] Danagulyan G.G., Tumanyan A.K. Attaryan O.S., Tamazyan R.A., Danagulyan A.G.
Ayvazyan A.G. // Chem. Heterocycl. Comp., 2015, v. 51, p. 483.

[71] Danagulyan G.G. / International Congress on Heterocyclic Chemistry "KOST-
2015", Moscow, October 18-23, 2015, p. 48.

[72] Danagulyan G., Tumanyan A. / 6th Russian-Korean Conference, "Current Issues of
Biologically Active Compound Chemistry and Biotechnology"”, Novosibirsk,
Russia, July 5-10, 2015, p. 162.

[73] Danagulyan G. / 2nd Russian Conference on Medicinal Chemistry, Novosibirsk,
Russia, July 5-10, 2015, p. 70.

[74] Danagulyan G.G. / Dombay Organic Conference Cluster DOCC-2016, Dombay,
Russia, on May 29 — June 04, 2016, p. 42.

[#5] Danagulyan G.G., Sahakyan L.G., Tadevosyan D.A. // Chem. Heterocycl. Compd.,
2003, v. 39, p. 275.

[76] Danagulyan G.G., Sahakyan L.G., Tadevosyan D.A. // Chem. Heterocycl. Compd., 2006,
v. 42, Ne3, p. 414.

136


http://www.springerlink.com/content/?Author=G.+G.+Danagulyan
http://www.springerlink.com/content/?Author=D.+A.+Tadevosyan
http://www.springerlink.com/content/?Author=R.+A.+Tamazyan
http://www.springerlink.com/content/?Author=G.+A.+Panosyan
http://www.springerlink.com/content/0009-3122/
http://www.springerlink.com/content/0009-3122/
http://www.springerlink.com/content/0009-3122/42/2/

