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Abstract

Alkylation of 1,1-dimethylhydrazone-4- and -3-pyridinaldehydes has been shown, by means of multinucleus 1D- and 2D
NMR spectroscopy and quantum chemistry (ab initio), to proceed exclusively by the pyridine nitrogen atom to form the
corresponding pyridinium halides. At the same time, 1,1-dimethylhydrazone benzaldehyde is alkylated to the amine nitrogen
with the formation of hydrazonium salts. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dimethylhydrazone derivatives are widely used as
syntones in fine organic synthesis [1-3]. The
methods of synthesis of biologically active
compounds [4-6] and complicated condensed
heterocycles [7] have been developed on their
base. The chemistry of 1,1-dimethylhydrazones is
rather well studied [1]; nonetheless the reactions
of their quaternization by alkyl halides have not
been sufficiently investigated by now [1,8,9]. The
alkylation of dimethylhydrazones leads, usually, to
the formation of quaternary salts, containing aldo-
hydrazonium fragment (Me;N"-N=CH-). This
process has almost no dependence on the substi-
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tuent’s character (its configurational and conforma-
tional states) and, as a rule, is not accompanied by
dehydrohalogenization or deprotonation [1]. The
reactions of 1,1-dimethylhydrazones with propargyl-
bromide and 1,3-dibromopropine, leading to the
formation of hydrazonium salts, have been studied
earlier [9].

2. Results and discussion
2.1. NMR data

To continue our study of the 1,1-dimethylhydra-
zones alkylation reactions [9] we have studied the
reactions of 1,1-dimethylhydrazone benzaldehyde
(1) and N,N-dimethylhydrazone-4- (4) and -3-pyri-
dines (9) with methylhalides and (3-chloropropionic
acid. The reactions were held in iso-propanol heated
to 50°C and led to the formation of the corresponding
halides (2-3, 5-8, and 10-11).

0022-2860/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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The reaction of 1 with methyliodide and [3-
chloropropionic acid results in the formation of
1,1,1-trimethylhydrazonium iodide (2) and 1,1-
dimethyl-1-carboxyethylhydrazone benzaldehyde
(3) with rather high yields. The lowfield displace-
ment of 'H- and "C chemical shifts of the methyl
groups in the product of the reaction in comparison
with the initial compound (1) (by about 0.8 and 10—
13 ppm correspondingly) and the integral intensity
analysis proves the formation of the aldohydrazo-
nium fragment containing structure (quaternary
nitrogen in the molecule) like 2 or 3 (Table 1).
An analogous signal displacement takes place in
'H NMR spectra of quaternary hydrazonium salts
[9,10,11]. 'H- and "*C NMR signals of the =CH-
fragment undergo much more significant change
after quaternization of the nitrogen atom (Aé = 1.8
and 27.5 ppm, correspondingly). The "N chemical
shift values do not change much at the transition to
the quaternary salts, taking the "N NMR scale into
consideration (see Table 1). The nature of the alky-
lating agent (cf. 2 and 3) has almost no influence on
the chemical shifts of the benzaldehyde hydrazo-
nium frame nuclei.

There are at least three nitrogen atoms able to
quaternize in the hydrazone molecule (4, 9): N'
(-NMe,), N? (=N-) and N One could consider

H;C H;C

2 3
Wotetn N R
HsC —

4 5§-8

5 R=CH;s; X=Cl
6 R=CH;; X=Br
7 R=CH;z; X=1

8 R=CH,CH,COOH; X=Cl

07

2,3

the quaternization of 4 and 9 to proceed by the
N' atom, ie. in an analogous way to the
reactions of 1,1-dimethylhydrazone benzaldehyde
with alkylhalogenides giving the corresponding
salts (Table 1).

But the direction of the reaction changes in the
hydrazones alkylation. The alkylating agent attacks
the pyridine nitrogen atom, to give the corre-
sponding pyridinium salts (5—8 and 10, 11). The
chemical shift of the pyridine nitrogen atom in the
salts, in comparison with the initial molecule (see
Table 1), moves to the highfield by more than
100 ppm. The appearance of a singlet of the methyl
group at 4.1-43ppm (3H) and a singlet at
3.30 ppm, containing six protons, against nine as
in case of 2 (Table 1), also proves the involvement
of the pyridine nitrogen into the alkylation reaction.
The data of 2D (NOESY) NMR spectroscopy of 8
and 11 also show that the alkylation touches the
pyridine nitrogen atom. The protons in positions 2
and 6 have a common cross-peak with the protons
of the —-N"—CH,— fragment. Analogous to 2 and 3,
the nature of the alkylation agent has almost no
influence on the NMR spectra parameters of the
hydrazone fragment. As it can be seen from Table
1, the nature of the counter-ion has no influence on
the salts chemical shifts either.

S
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The NMR data can be described taking in consid-
eration the resonance structures of halogenides 5—8:

H;C H,C_ @
‘W-N=CH— @N-R ~<~—> :N=N—C
H;C” =/ H;C
X

The 6'H value of the NMe fragment (~3.30 ppm) has
an intermediate value in comparison to the neutral
molecule (4) (~3.0ppm) and the salts (2,3)
(~3.6 ppm), i.e. there is a partial positive (deloca-
lized) charge on the N'. Besides, the proton shifts of
NMe group in the spectra of 3-pyridinium derivatives
10 and 11 have less lowfield displacement (8'H
~3.15 ppm) in comparison with those of the deriva-
tives of 4-pyridinium 5-8, that may give evidence
concerning a smaller delocalization of the positive
charge in the molecule of 3-pyridinium, where no
analogous resonance structure can be realized. Thus,
the charge appearing on the pyridine nitrogen atom as
a result of the alkylation 5-8, is delocalized over the
whole molecule, causing the change of the chemical
shifts of nuclei in all the fragments of the molecule.

To conclude, a global shielding of "N (highfield
shift ~100 ppm) in going from the neutral molecule
to its salt, can be a test for quaternization of the
pyridine nitrogen atom.

Quantum-chemical analysis of thermodynamical
and kinetic characteristics of the electrophilic addition
reactions was carried out in order to find out the
reasons of absolute inversion of the methylation
center on the transition from compound 1 to 4.

2.2. Ab initio calculations

2.2.1. Stationary states of compounds 1 and 4 and
their relative stability

Ab initio calculations of hydrazone alkylation
taking the medium-effects into consideration were
carried out for the more complete picture of quaterni-
zation.

The absolute inversion of the active center in the
electrophilic addition reactions on turning from the
structures 1 to 4 and 9, according to the orbital-charge
and stereochemical characteristics of the centers, is
unexpected. An attempt to find out the main reasons
for such a change of the reaction channel has been

~

©
X

made in this work. We considered the quantum-
chemical model of an ionic mechanism of the reaction,
whose bimolecular chain can be shown like this.

® o
4+ CMe === 4--Me--Cl
®
- [4——Me, 81]‘—_~ [4Me | ci©
S S

The study of the main processes of alkylhalogena-
tion was made with ab initio (RHF/6-31G™) calcula-
tions. Methyl chloride was used as the alkylation
agent.

Three stationary states (not taking the pseudode-
generate ones into consideration) corresponding to
the minimum of complete energy (A = 0) and sepa-
rated by activation parameters exceeding 6 kcal/mol
have been found on the potential surface of conforma-
tional changes for both 1- and 4-like structures.

Structures 1a and 4a are the most stable with the
trans-configuration of the N-N—-C-C chains and the
planar structure of the frame (Fig. 1). These structures
are more polar states among the considered rotamers
(Table 2). The least stable forms (1b and 4b) with cis-
configuration of the central chains also have a planar
structure of the heavy atoms frame. Significant
deformation of the valence angle of the central
frame (Fig. 1) is a destabilizing factor in these
structures, that, in its turn, allows to save the stabi-
lizing character of the conjugation effect among the
m-systems of the central frame and of the cyclic
substituent.
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Fig. 1. Molecular structures and geometrical characteristics of the main stationary states of 1 and 4 calculated by ab initio (RHF/6-31G™). Here,

and in Figs. 2—4 the bond lengths are in A, and the angles in degrees.

Obviously, the Nz-center, in the case of ‘chemically
noticeable’ accumulation of rotamers 1b and 4b in the
reaction mixture, can be an alternative for the electro-
philic attack, along with N and N,,: centers, because
of the improvement of stereochemical conditions
caused by the weakening of its shielding by the substi-
tuent. The third, the least polar local stationary condi-
tion ¢ remains in a cis-configuration of the central
chain and is intermediate in stability among the two
first rotational forms (Fig. 1, Table 2). The substituent
R (being planar in the range of 0.1 A) has angles of

Table 2

The complete energy (Ecomp, a.u.) (1 a.u. = 627.5095 kcal/mol),
relative energy (AE, kcal/mol), dipole moment (u, D) of isolated
states of stable rotamers of 1, 4 and CH;Cl, predicted by ab initio
method (SCF/6.31G™)

Structure State Ecompl AE n

1 a —456.636988 0.0 1.91
b —456.611464 16.0° 1.53
¢ —456.632759 2.6° 1.69

4 a —472.631550 0.0° 4.86
b —472.605276 17.5° 3.17
c —472.628452 1.9° 1.38

CH;Cl —499.097899 225

* Relative to the structure 1a.
® Relative to the structure 4a.

rotation, relative to the plane of the central frame, of
25.1 and 23.4°, for 1c and 4c¢, respectively. Structures
¢ do not have the stabilizing effect of conjugation (the
equalization of bonds is much less noticeable, than in
the analogs a and b (Fig. 1)), while the deformation of
valent angles of the central frame in the structure c is
not as much as in b. The pyramidal degree of the
N'-atom grows significantly. The movement of
the N'-atom out of the plane of valently bonded to it
atoms for the rotamers a and b does not exceed 0.1 A,
and is 0.497 and 0.458 A for 1 and 4, respectively. As
a result of such structural deformation the steric
shielding of N'-atom by the methyl substituents
noticeably falls, and its potential ability to interact
with the methyl cation has to grow. However, the
real existence of 1 and 4 in the form b or ¢ is hardly
possible taking into consideration the energetic char-
acteristics of rotamers (Table 2) and activation para-
meters of their mutual transitions (E,_, = —53.4 kcal/
mol (1) and 51.9 kcal/mol (4)). Active participation of
external agents, or a transition into solid state, or their
initial formation in the reaction mixture by choosing
the used reagents and varying the reaction conditions
is necessary to achieve this. Taking the obtained
conformational results into consideration, the struc-
ture a was the initial (or starting) structure in all the
following calculations (unless it is specially noted).
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Fig. 2. Molecular structures and geometrical characteristics of associates 12a and 12b (in two projections: front and side views).

2.2.2. Structure and relative stability of the associates

Among potentially possible centers of attack of 4
by the methyl cation it is possible to find the m-system
of the pyridine substituent, the m-bond N=C and lone
pairs of N, N%, and N,-atoms. However, there are
no experimental proofs of the possible methylation of
the first three ‘objects’. The search of possible
stationary states of associates 12 was made based on
the assumption of the possible attack of N'- or Npyr-
centers by the alkyl-cation. As the calculations have
shown, there are, on the potential surface of inter-
molecular interaction, at least two stationary states,
corresponding to the linked structures (A =0),
whose geometrical characteristics are given in Fig. 2.
The differences between relative stability of structures
12a and 12b are insignificant. Structure 12a, where
methylchloride is coordinated with the pyridinium
part of dimethylhydrazone, turned out to be more
advantageous. It is by 0.7 kcal/mol more stable than
12b. This fact, somehow, indicates the ‘initial’
equality of N'- and N,,.-centers alkylation. Both
complexes are thermodynamically more stable than
the isolated fragments 4a and CH;3Cl by 19.2 and

19.7 kcal/mol for 12b and 12a, respectively. The
degree of mutual influence of dimethylhydrazone
and methylchloride in the associates, from the point
of view of charge transfer, is insignificant. The charge
transfer in both cases is small (—0.007 and —0.014e¢ at
ClMe, respectively for 12b and 12a).

2.2.3. Pyridinium and aldohydrazonium cations
Analysis of structural characteristics and relative
stability of isolated pyridinium [NMe,—~NCH-
CsHNMe]* (13a) and aldohydrazonium [NMe;—
NCHCH,N]" (13b) cations shows the absolute ener-
getic preference of the pyridinium cation, which is by
more 23.4 kcal/mol stable than its aldohydrazonium
analog (Table 3). Both cations in their optimal
stationary state (A = 0) (Fig. 3) have planar structure
in their heavy atoms frame. The most significant
structural response of deformational distortion of
13a and 13b is seen in the N-N-C-C chain. For
13b this is shown by a significant increase of N-N
bond length (from 1.325 to 1.448 A) and decrease of
valent angle NNC (from 124.0 to 117.7°). The other
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Table 3

Full energy (Egy;, a.u.), relative energy (AE, kcal/mol), number of negative self-values of gessian (A) of structures 12—17, predicted by the SCF/

6.31G™ method

Structure Eq AE A Structure Epy AE A
12a —971.75921 0.0°* 0 14b —971.73848 13.0° 0
12b —971.75816 0.7* 0 15a —971.72536 29.4% 0
13a —512.06816 0.0 0 16b —971.68224 48.3% 1
13b —512.03093 23.4° 0 16a —971.68989 43.5° 1
6a —971.70152 36.2° 0 9a —971.66423 59.6* 1
 Relatively to structure 12a.
" Relatively to structure 13a.
structural parameters, on the whole, do not undergo gﬁ Me
significant changes (Figs. 1 and 3). o nw/m o v/
. . . 1412 N L282
Structural characteristics of 13a cation should N \ / o N
have revealed the quaternary nitrogen atom character 1340 \ ne? F‘C . \”9
in the pyridinium fragment. However, the calcula- S?(;Hum \1::4 Me
tions show that the ‘head’ nitrogen atom obtains
more quaternary character as a result of addition of 13a
alkyl cation to the pyridinium nitrogen atom. The CaHN
length of the N-N bond shortens (from 1.325 to o
1.282 A) and of the N>-C° lengthens (from 1.261 ”7‘”“ /“”\le
to 1.287 A) (Fig. 3). A significant shortoening of the o / o
C-R bond length (from 1.475 to 1.441 A) also takes H MeMe
place. On the whole, the structure of cation 13a 13b

shows that the quaternization, as a result of geome-
trical reorganization, takes place in the ‘head’ part of
the molecule, despite the addition of the methyl
cation to the pyridinium fragment.

Comparative analysis of effective charge shows
that its localization on the atoms N' and N? is much
less than on the Ny, one (by 0.43 and 0.29,
respectively, (13a), cf. 0.03 and 0.16e (13b)), that,
along with the structural data, also proves possibly
preferable formation of quaternary salts of c-type,
not b-ones.

Me

N-N N-N
\ S J
N N/ Me.MeA —> A Me——N@——<

Fig. 3. Molecular structures and geometrical parameters of pyridi-
nium (13a) and aldohydrazonium (13b) cations.

2.2.4. Structure and lability of [Me,N—
NCHCsH,;NMe]"Cl™ and [Me;N-CHCsH,N]""Cl~
ionic pairs

As the calculations have shown, there are several
stationary states, corresponding to the linked struc-
tures of a pyridinium cation and a chloride anion on
the surface of potential energy. The main stationary

Me

N

Me
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Fig. 4. Main geometrical characteristics of ionic pairs [Me,N —~NCHCsH,NMe] *'C1~ (14a, 14b) and [Me;N-CHCsH,N]'Cl~ (15a).

state, obtained as a result of alkyl attack along the
gradient path connecting the associate (12a, Fig. 2)
and the ionic pair (14a, Fig. 4) through the saddle
structure (14a, Fig. 5) (A = 1), is not the most stable.
The more stable are the stationary states 14b (A = 0)
(Fig. 4)

Structure 14a can become structure 14b along the

_17a

LIZ

0.7 -

} 122

continuous gradient path through the limiting, for this
path, transition state (16b, Fig. 5), (A = 1). Atthe same
time, in spite of rather significant structural deforma-
tions of the cation in the chloride-ion migration (from
structures of b-type to those of a-type), energetically,
this process is very ‘soft’ and is not conjugated with
overcoming high energetic barriers (Table 3, Fig. 5).

Fig. 5. Schematic picture of energetic evolution on the interaction of alkylchloride with 4 on N'-12b — TS(17a) — 15a) and Ny
(12a— TS(16a) — — 14a — TS(16b) — 14b) centers. The values of relative energy are in kcal/mol.
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For the aldohydrazonium and chloride ionic pair,
unlike the pyridinium and chloride one, the main
stationary state obtained as a result of alkyl attack
along the gradient path connecting the associate
(12b, Fig. 2) and the ionic pair (15a, Fig. 4) through
the saddle structure (17a, Fig. 5), is, according to the
results of calculations, the most stable. The stability of
pair 15a though is more stable than the stationary state
14a by 6.8 kcal/mol, but noticeably worse than ionic
pair 14b (Exya_xiva = 16.4 kcal/mol). This leads to the
fact that alkylation on Ny, becomes more advan-
tageous, due to low-energy pseudoanisotropic
rearrangement. The relation of kinetic parameters
(AE{7,_16a = 11.3 kcal/mol) also proves this fact.

In the end, we find it necessary to note the potential
possibilities of the initial express-analysis of the
surface of potential energy by semi-empirical
methods. Quantitatively, AM1-calculations are closer
to the obtained ab initio calculations. However, both
AM1 and PM3-models show the presence of only two
stationary states (a and c¢ analog) in the neutral struc-
tures 1 and 4. The presence of the planar stable form
(b-analog) is not predicted by semi-empirical
methods. The sequence of relative stability of the
studied structures is given correctly by AMI-model
only, and both models reflect the quantitative char-
acter of structural changes, caused by quaternization
of the nitrogen atom in the pyridinium cation. So, it is
reasonable to use AMI-method for express-analysis
of possible reaction-paths of electrophilic addition or
substitution in 4 and 9-like compounds.

As it is seen from the calculations, the experimen-
tally stated selective participation of different centers
of compounds 1 and 4 in the reaction of alkylation,
shown by the quantum-chemical calculations, can be
explained by higher stability of correspondent pyridi-
nium salts. The stability of the latter is caused by
partial delocalization of charge involving the N'
nitrogen atom.

3. Experimental
3.1. NMR and non-empirical calculations

lH—, 13C—, and PN NMR spectra were obtained with
a Bruker DPX-400 spectrometer with working
frequency 400, 100.6 and 40.56 MHz, respectively.

HMDS was used as an internal standard for 'H- and
BC measurements and CH;NO, for °N. The error in
the measurement of chemical shifts of 1H-, 13C—, and
BN is 0.01, 0.01, and 0.05 ppm, respectively. The
constants of spin—spin interaction were measures
with precision of 0.1 Hz. The correspondence of
signals in 8 and 9 was made with the help of 2D
'H-"H spectra. The DEPT method was used to assign
the signals in ?C NMR spectra. The assignment &'°N
was made on the base [12]. IR spectra were recorded
with a Specord IR-75.

The non-empirical calculations were made by the
limited Hartree—Fock method (RHF) [13,14] in
valent-split basis 6-31G™ with the use of Gaussian-
98 [15]. The complete optimization of the molecular
systems geometry, corresponding to the intermediate
structures (A = 1, where A is the number of negative
self-values of the Gesse matrix in the given stationary
point [16] and energetic minimum (A =0, on the
surface of potential energy) was done up to the
value of the gradient of 10~ Hartree/Bohr. The calcu-
lation of the force constants matrix was done analyti-
cally with the built-in GAUSSIAN program. The initial
view of the surface of potential energy was done with
semi-empirical methods AM1 [17,18] and PM3[19].
The structure identification, corresponding to the
energetic minimum on the surface of potential energy
was done by moving along the gradient line (by the
method of the shortest descent) from the saddle point
to the next critical point, that allowed to find the
gradient reaction path correctly [16]. Near the
stationary states the structures were optimized by
means of the Newton—Rafson method in Borni’s
scheme. The superpositional error [20] was not
taken into consideration, since only interassociative
ways of the reaction were concerned. Moreover, in
the chosen for the calculations basis, as the practice
of non-empirical calculations shows, the superposi-
tional error is negligible [21]. The necessity of taking
the superpositional error into consideration is dispu-
table, since its consideration in a number of cases
leads to significant errors in the evaluation of the
energy of complex formation [22,23].

3.2. Synthesis of the compounds

3.2.1. 1,1-Dimethylhydrazone benzaldehyde (1)
It was obtained using the method described in work



L.I. Larina et al. / Journal of Molecular Structure 604 (2002) 165-176 175

[4]. The boiling point is 98-100°C (3 mmHg).
According to the literature, the boiling point is
100°C (3 mmHg).

3.2.2. 1,1,1-Trimethylhydrazone benzaldehyde iodide
(2)

3.8 g (0.027 mol) of methyliodide was added to
the solution of 4.0 g (0.027 mol) of 1,1-dimethyl-
hydrazone benzaldehyde in 20 ml of iso-propanol on
cooling (0°C), then the mixture was heated on a water
bath up to 55-60°C and stirred for 0.5 h. After this, it
was cooled to 0°C and the solid formed was filtered
out and dried in vacuum. The yield is 5.0 g (64%). It is
white crystals with a melting point of 223-224°C. IR
spectrum (KBr), v, cm™h: 2910, 2840, 1610, 1570,
1460, 1380, 1220, 1170, 1010, 960, 840, 760, 690.
Found, %: C 41.16; H 5.16; N 9.62; 1 43.65.
C,oH;5N,I. Calculated, %: C 41.38; H 5.17; N 9.65;
143.79.

3.2.3. 1,1-Dimethyl-1-carboxyethylhydrazone
benzaldehyde chloride (3)

3.0 g (0.02 mol) of 1,1-dimethylhydrazone benz-
aldehyde were added to 15 ml of absolute acetonitrile;
the solution of 2.3 g (0.2 mol) of B-chloropropionic
acid in 15 ml of absolute acetonitrile was slowly
added at 20°C on stirring. The reaction mixture was
heated up to 50°C and stirred for 7 h. The solvent was
evaporated, and the residue was refluxed in vacuum.
The yield is 3.9 g (76%). The boiling point is 92—-94°C
(5 mmHg). IR spectrum (microlayer), v, cm™h: 2970,
2850, 2780, 1705, 1630, 1595, 1570, 1450, 1380,
1250, 1150, 1040, 935, 760, 700. Found, %: C
55.80; H 6.74; CI 14.05; N 10.67. C;,H;;CIN,O,.
Calculated, %: C 56.14; H 6.63; C1 13.84; N 10.92.

3.2.4. 1,1-Dimethylhydrazone pyridine-4-aldehyde
(4)

It was obtained using the method described in work
[4]. The boiling point is 64—-65°C. According to the
literature [4] the boiling point is 65-66°C.

3.2.5. 1-Methyl-4-(1,1-dimethylhydrazonomethylen)-
pyridinium chloride (5)

Gaseous methylchloride was slowly run through
the solution of 5.0 g (0.033 mol) of 1,1-dimethyl-
hydrazone pyridine-4-aldehyde in 15 ml of absolute
iso-propanol during 4 h, then the mixture was heated

up to 50°C on the water bath and stirred for 0.5 h. The
solvent was evaporated and the solid formed was
washed on a filter with cold iso-propanol. The yield
is 4.0 g (59.6%). The melting point is 105-107°C. IR
spectrum (KBr), v, cm ! 3420, 3050, 1650, 1560,
1530, 1390, 1200, 1100, 1050, 890. Found, %: C
53.86; H 7.15; Cl 18.13; N 20.95. CoH4CIN;.
Calculated, %: C 54.13; H 7.02; C1 17.79; N 21.05.

3.2.6. 1-Methyl-4-(1,1-dimethylhydrazonomethylen)-
pyridinium bromide (6)

Gaseous methylbromide was slowly run through
the solution of 5.0 g (0.033 mol) of 1,1-dimethyl-
hydrazone pyridine-4-aldehyde in 15 ml of absolute
iso-propanol during 2 h on cooling (0°C), then the
mixture was heated at 50°C for 2h on the water
bath. The solvent was evaporated, cooled to 0°C and
the solid formed was washed on a filter with cold iso-
propanol. The yield is 7.1 g (87%). It is yellow crys-
tals with a melting point of 108—109°C. IR spectrum
(KBr), v, cm " 3460, 3040, 1650, 1530, 1480, 1385,
1195, 1095, 1030, 870. Found, %: C 43.84; H 6.05; Br
32.70; N 17.01. CoH4BrN;. Calculated, %: C 44.26; H
5.74; Br 32.79; N 17.21.

3.2.7. 1-Methyl-4-(1, 1-dimethylhydrazonomethylen)-
pyridinium iodide (7)

3.8 g (0.027 mol) of methyliodide was added by
drops to the solution of 4.0 g (0.027 mol) of 1,1-
dimethylhydrazone pyridine-4-aldehyde in 10 ml of
absolute iso-propanol at 0°C, then the mixture was
heated up to 50°C on the water bath and stirred for
0.5 h; then at 20°C for 2 h. The solvent was evapo-
rated, and the solid formed was filtered, washed on a
filter with cold iso-propanol, and dried in vacuum.
The yield is 6.0 g (77%). The melting point is 113—
115°C. IR spectrum (KBr), v, cm ' 3420, 3020,
1610, 1570, 1540, 1380, 1060, 670. Found, %: C
37.46; H 4.99; N 14.60; 143.98. CoH4N;l. Calculated,
%: C 37.11; H 4.81; N 14.43; 1 43.64.

3.2.8. 1-Carboxyethyl-4-(1,1-dimethylhydrazono-
methylen)pyridinium chloride (8)

1.41 g (0.013 mol) of B-chloropropionic acid was
slowly added to 2.0 g (0.013 mol) of 1,1-dimethyl-
hydrazone pyridine-3-aldehyde in 10 ml of absolute
acetonitrile on stirring, the mixture was heated up to
55°C on a water bath and stirred for 7 h. Then it was
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cooled to 0°C and the solid formed was filtered and
washed on a filter with cold acetonitrile. The yield is
3.32 g (90%), it is yellow crystals with melting point
of 188-190°C. IR spectrum (KBr), v, cm L 3420,
3110, 3000, 1705, 1630, 1505, 1180, 1080, 880.
Found, %: C 50.96; H 6.40; Cl 14.02; N 16.08.
C1H¢,CIN;0,. Calculated, %: C 51.26; H 6.21; Cl
13.78; N 16.31.

3.2.9. 1,1-Dimethylhydrazone pyridine-3-aldehyde (9)

It was obtained by the method described in work
[4]. The boiling point is 112-114°C (3 mmHg).
According to the literature [4], the boiling point is
138°C (10 mmHg).

3.2.10. 1-Methyl-3-(1,1-dimethylhydrazono-
methylen)pyridinium iodide (10)

It was obtained in a similar way to 8. The yield is
77%. The melting point is 137—-139°C (from acetoni-
trile). IR spectrum (KBr), v, cm 3420, 3020, 1610,
1570, 1540, 1380, 1060, 670. Found, %: C 37.46; H
4.99; N 14.60; I 43.98. CyH4N;I. Calculated, %: C
37.11; H4.81; N 14.43; 1 43.64.

3.2.11. Pyridinium I-carboxyethyl-3-(1,1-dimethyl-
hydrazonomethylen) (11)

It was obtained analogously to 9. The yield is 54%.
It is yellow crystals with the melting point of 183—
185°C. IR spectrum (KBr), v, cm b 3460, 3200,
3060, 1700, 1605, 1550, 1410, 1400, 900, 810, 800,
690. Found, %: C 50.95; H 6.06; Cl 14.11; N 15.94.
C,1H4CIN;O,. Calculated, %: C 51.26; H 6.21; Cl
13.79; N 16.31.
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