
The compounds under study were synthesized from p-methoxyaniline and p-ethoxyaniline, the 
reaction of which with acrylic acid resulted in the formation of 3-[(2-carboxyethyl)(4-alkoxy-
phenyl)amino]propanoic acids; these products were transformed into dihydrazides, which dur-
ing the condensation with cyclohexanone, acetone and ethyl methyl ketone yielded 3-{[2-(N1-
alkylidenehydrazinocarbonyl)ethyl](4-alkoxyphenyl)amino}propanohydrazides. The molecular 
structure of the synthesized compounds is interesting due to the uniform disubstitution of their 
amine group with different sterical arrangement of the substituents. The chain of each side con-
sists of amide and azomethine fragments able to form isomers. The structure elucidation and the 
behavior of isomer formation in the solvents of different polarity are discussed and rationalized 
in the present work combining the elemental analysis, mass, and 1H, 13C NMR spectroscopy with 
molecular modeling data.
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INTRODUCTION

N-substituted β-amino acids and their derivatives are structu-
ral units of numerous natural compounds such as coenzymes, 
alkaloids and antibiotics. As individual compounds, they are bio-
logically active in a wide spectrum of applications [1–4]. They are 
useful synthons for the synthesis of various heterocyclic systems.

A simple and convenient synthesis method for N-substituted 
β-amino acids is nucleophilic addition of amines to acrylic acid 
[5]. The reaction proceeds depending on the basicity of the used 
amine; the more basic the amine is, the easier it forms products 
of double addition, which have not attracted the attention of 
researches for a long time because of the absence of an active 
amino group. However, the interest in the compounds contain-
ing several identical functionalized fragments has been steadily 
increasing [6, 7].

The structural investigation of the compounds under study 
3–11 by NMR spectroscopy is complicated. The results are not 

completely consistent with those of the studies of the compounds 
in which the molecules possess one side chain with amide and 
azomethine fragments [8–9]. Substantial differences between 
both such molecules are explained in terms of their steric effects, 
which can be understood from the optimized molecular models. 
In this work, a considerable interest was focused on the ability to 
detect the geometrical isomers originating from the azomethine 
group [10–17] and on the rotamer formation due to the restrict-
ed rotation in the amide group [10, 16–23]. The susceptibility 
of the molecules of the compounds to the intramolecular and 
intermolecular interactions in the solvents of different polarity 
was evaluated [11, 24–29]. The aim of this work was the synthe-
sis of 3-{(4-alkoxyphenyl)[2-(hydrazinocarbonyl)ethyl]amino}
propanohydrazide derivatives and their total structural analy-
sis on the basis of 1H, 13C NMR spectroscopy and computer 
molecular modeling. This in depth structural analysis allowed 
us to obtain strong evidence concerning the mechanism of the 
formation of possible isomers. We could also use the analysis to 
ascertain the cause of supererogatory spectral lines in the NMR 
spectra of the compounds under study.* Corresponding author. E-mail: zigmuntas.beresnevicius@ktu.lt
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RESULTS AND DISCUSSIONS

3-[(2-carboxyethyl)(4-methoxy- (3) and 3-[(2-carboxyethyl)
(4-ethoxyphenyl)amino]propanoic acids (4) were obtained 
from p-methoxy- (1) and p-ethoxyanilines (2), respectively, and 
double amount of acrylic acid – by keeping the reaction mix-
ture at room temperature for 12 hours until the product crystal-
lized. 

The reaction of diacids 3 and 4 with hydrazine was car-
ried out in refluxing toluene with the azeotropic separation 
of the formed water providing 3-{[2-(hydrazinocarbonyl)-
ethyl](4-methoxyphenyl)amino}propanohydrazide (5) and 
3-{(4-ethoxyphenyl)[2-(hydrazinocarbonyl)ethyl]amino}pro-
panohydrazide (6).

The acid hydrazides form hydrazones in the reaction with 
aldehydes and ketones [7]. The reaction of dihydrazides 5 and 
6 with cyclohexanone was very facile. N-Cyclohexylidene-3-{[2-
(N1-cyclohexylidenehydrazinocarbonyl)ethyl](4-methoxy- (7) 
and N-cyclohexylidene-3-{[2-(N1-cyclohexylidenehydrazino
carbonyl)ethyl](4-ethoxyphenyl)amino}propanohydrazides (8) 
were synthesized in 90% yield having heated the reaction mix-
ture for 1.5 hours. However, the reaction with acetone and ethyl 
methyl ketone at reflux temperature gave 9–11 only in up to 75% 
yield. 

A detailed analysis of the structural features of compounds 
3–11 with the total ascription of 1H and 13C NMR resonances 
is described in this work. The assignment of the NMR spectral 
lines was carried out using the chemical shift theory [16, 17], 

signal intensity arguments and multiplicities, and by a compari-
son with structurally related compounds with one side chain [8, 
9]. The analysis data is presented in the Experimental section. 
Carbon atoms are marked arbitrarily according to the number-
ing given in Scheme.

The structural features of the investigated compounds were 
affected by stereo arrangement of the molecules and their ability 
to form interactions. These features have been thoroughly inves-
tigated by the combined use of NMR and molecular modeling. 
One example of a considerable interest is the molecular model 
of 5 (Fig. 1). 

The molecular model of this compound was fully optimized 
without symmetry constraints (on the contrary, the side chains 
of the molecular models of 3 and 4 are symmetrically located 
with respect to the benzene ring). It was clearly seen that the side 
chains of the molecular model of 5 were arranged with the trend 
to maintain close contacts between the oxygen atom of the CO 
group and the nitrogen atom of the NH group. The implication 

Scheme. Synthesis of N1-alkylidene-3-{[2-(N1-alkylidenehydrazinocarbonyl)ethyl](4-alkoxyphenyl)amino}propanohydrazides

Fig. 1. The view of optimized molecular model of 5. The total steric energy is –6.46 kJ/mol
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was that the H-bonding interaction was formed in this case. The 
rotation around the NH–CO bond in the amide group was not 
completely restricted. Therefore, the rotamers were not observed 
in the NMR spectra of 5 and 6.

The amide fragments investigated in this work are especially 
suited and of particular interest for detailed structural studies. 
It is known that amides are rather sensitive to the polarity of 
the medium and, in particular, the hydrogen bond-donor abil-

ity of the solvent. It was unexpected that the NMR spectra of 
compounds 7–11 were more complicated when using CDCl3 as 
a solvent than when using d6-DMSO. The molecules of 7 and 8 
possess the azomethine group included in the cyclohexanone 
moiety. 13C NMR spectra revealed that the cyclohexanone ring 
carbons were affected by the lone pair of the nitrogen atom in 
the azomethine group. The distribution of the resonances of 
the cyclohexanone ring carbons showed a similar trend to the 

Fig. 2. *1H NMR spectral region of NH resonances of compounds 7 and 9, and the spectral region of =CCH3 resonances of compound 9

Compound 7 (d6-DMSO) Compound 7 (CDCl3)

Compound 9 (NH signals in d6-DMSO) Compound 9 (CH3 signals in d6-DMSO)

Compound 9 (NH signals in CDCl3) Compound 9 (CH3 signals in CDCl3)

*E, Z notation was chosen for isomers due to the restricted rotation in the amide group, while cis, trans notation was used for geometrical isomers of the azomethine group. The 
geometry of the whole molecule was called “cis” in the case of R2 and R1 in the cis location with respect to the double bond of the R2N = CR1CH3 group, and “trans” when R2 and 
R1 were located trans. R1 = CH3, and the rest of the moiety of the molecule in compound 9 is marked as R2.
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ones of the alkylene substituents of the azomethine group in 
compounds 9–11. The difference in the chemical shifts of cyclo-
hexanone ring carbons C-2’ and C-6’ was about 8 ppm, and the 
difference between C-3’ and C-5’ was about 2.0 ppm. Likewise, 
the difference in carbon resonances of cis/trans CH3 groups in 
9–10 was about 7.5 ppm.

1H NMR spectra of 7 and 8 in the d6-DMSO solution dis-
played the usual view of double sets of resonances (0.49 : 0.51) 
of NH protons, assigned respectively to Z / E isomers (Fig. 2). 
Unfortunately, it was difficult to understand 1H NMR spectra 
in the CDCl3 solution, where three sets of resonances were dis-
played. An unexpected deshielding of the corresponding hy-
drogens and some of the carbon atoms was observed compar-
ing to the ones in the d6-DMSO solution. Exclusively, NH group 
protons showed the opposite trend of changes in the chemical 
shifts. It was evidently seen that the molecules underwent an es-
sential reorientation with the change of the solvent. The problem 
was resolved by the interpretation of these NMR spectra with a 
strong support from molecular modeling data. 

The arrangement of side chains Z (value of the total 
steric energy – 40.04 kJ/mol), E (value of the total steric en-
ergy – 38.24 kJ/mol), and (E + Z) (value of the total steric en-
ergy – 38.87 kJ/mol) of 7 determined by the specific intramo-
lecular hydrogen bonds between CO and NH groups, was taken 
into account. The possibility of two close contacts arising be-
tween the oxygen atom of the CO group and the nitrogen atom 
of the NH group in each E location of the side chain was detect-
ed. One of such contacts was observed for isomers with mixed 
(E + Z) side chains, and there were no such contacts determined 
for isomers with Z type side chain location. This observation led 
to a conjecture concerning the more stabilized E type dimeric 
structure. The intensities of the NH resonances were consistent 
with the findings mentioned above. The same considerations 
may also be applied to the studies of the solutions of compounds 
8–11. The views of the optimized molecular models of the iso�-
mers E(trans) and Z(trans) of 11 are presented in Fig. 3 a and 
2 b, respectively, as the most characteristic case in this study.

The structure of 9 was investigated with respect to the rela-
tive stability of two possible E / Z rotamers formed in both solu-
tions. The presence of the azomethine group in these compounds 
affected the suggested structural features and specifically deter-
mined the distribution of the resonances in the NMR spectra 
(Fig. 2). Despite the identical substitution of the azomethine 
group by CH3, each substituent felt different influence from the 
lone pair of the nitrogen atom.

The 1H and 13C NMR signals of the methyl groups in the 
azomethine fragment were observed as two sets of resonance 
due to the possible cis and trans arrangement in the molecule. 
1H NMR spectra in the d6-DMSO solution showed the CH3 group 
in the cis position experiencing the distinct shielding of ambi-
ence, because the set of spectral lines attributed to cis was split. 
The presence of isomers of 9 in the CDCl3 solution was specifi-
cally reflected in 1H NMR spectra. The distribution of the intensi-
ties of resonances of the NH group (prevailing due to interactions 
of Z, E, and (E + Z) side chains) followed the trend in the changes 
of the total steric energy values of suitable molecular models for 
9. Total steric energy values of –17.11 kJ/mol, –2.34 kJ/mol, and 
–2.26 kJ/mol were reached for the optimized molecular models 

of E, Z, and mixed (E + Z) side chains, respectively. Analogous 
evidence was displayed by resonances of the CH3 group in the cis 
and trans locations. Both cis and trans spectral regions consisted 
of three lines related to Z, E, and (E + Z) rotamers, respectively. 

The different substitution of the azomethine group led to 
the formation of cis / trans geometrical isomers of 11. The stere-
ochemical orientation of the molecules of these isomers was  
governed by CH2CH3 group, which took priority over the CH3 
group. Each of these isomers underwent E / Z isomerization due 
to the amide group. Consequently, the existence of four different 
structures (Z(cis), Z(trans), E(cis), and E(trans)) was taken into 
account in the structural analysis of this type of compounds. 
Four resonances of the NH group were revealed by fine struc-
tural studies of the 1H NMR spectra of 11 in the d6-DMSO solu-
tion (Fig. 4).

The resonances of the characteristic CH2CH3 group were 
overlapping and not very informative; therefore, the signals of 
another substituent of the azomethine group, CH3, were ana-
lyzed. 13C NMR spectra of 11 showed two sets of resonance with 
clearly different intensity (1 : 4) of substituents of the azomethine 
group. On the basis of the NMR assignment of the correspond-
ing signals and the relative compounds [9], the conclusion was 
drawn that there existed predominant trans geometrical isomers 
of 11. The molecular modeling data was consistent with that as-
cription. The values of the total steric energy were –3.68 kJ/mol 
for E(cis), 4.23 kJ/mol for Z(cis), –3.18 kJ/mol for E(trans), and 
9.79 kJ/mol for Z(trans). The above-mentioned information con-
cerning the more predominant geometrical isomer was invoked 
to assign the resonances of the CH3 group of this compound. As 

Fig. 3. a – the view of optimized molecular model of 11E(trans) (the total steric en-
ergy is –3.22 kJ/mol); b – 11Z(trans) (the total steric energy is 9.79 kJ/mol)
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the trans geometric isomers were present in larger amounts, the 
more intensive set of signals at higher magnetic field values was 
attributed to the trans location of the CH3 group, while less in-
tensive signals in a lower magnetic field were assigned to the cis 
location. Compound 11 exhibited a specific and more complex 
spectral view of the characteristic groups in the NMR spectra 
when dissolved in chloroform. The problem was to attribute four 
sets of resonances of NH group protons displayed in 1H NMR 
spectra to the corresponding isomers, because their differentia-
tion was unexpectedly changed in comparison with the suitable 
spectral view in the d6-DMSO solution. 

There were two types of interactions observed in both so-
lutions of compounds 7–11: the intramolecular interaction 
between the solute molecules (predominant in CDCl3 solution) 
and the intermolecular interaction between the solute and sol-
vent molecules (predominant in the d6-DMSO solution). Based 
on these considerations, it was deduced that the molecules of 
the study compounds in CDCl3 formed three available (Z, E, and 
(E + Z)) sterical structures for each cis and trans geometrical 
isomer.

Taking into account the above-mentioned values of the to-
tal steric energy for Z(cis), Z(trans), E(cis), and E(trans) and in-

cluding the ones of (E + Z)(cis, cis), and (E + Z)(trans, trans) for 
mixed side chain isomers (6.94 kJ/mol and 8.41 kJ/mol, respec-
tively) of 11, the distribution of the intensity of the correspond-
ing resonances of the NH group protons in 1H NMR spectra was 
elucidated. Special attention was paid to the assignment of the 
CH3 group resonances in the 1H NMR spectra in the CDCl3 
solution. In the spectrum of 11, the representation of the CH3 
group signals belonging to separate molecules of cis and trans 
isomers present in different amounts looked like the resonances 
of the CH3 groups in trans and cis positions of the same mo- 
lecule in the spectrum of compound 9 using CDCl3 as a sol-
vent. The displacement of the resonances termed trans / cis in 
compounds 11 and 9 was based on the different location of the 
uniform (CH3) substituents with respect to the lone pair of the 
nitrogen atom in the azomethine group. 

A closer inspection of all other resonances in the NMR 
spectra of compounds 7–11 also revealed E / Z isomer forma-
tion due to the restricted rotation of the amide group around 
the CO–NH bond. The existence of the E / Z isomerization cen-
tre was proved by a decrease in the difference of the chemical 
shifts of the corresponding resonances of E and Z rotamers. In 
13C NMR spectra, the differences in the chemical shifts for vari-

Fig. 4. *1H NMR spectral region of NH and = CСH3 resonances of compound 11

NH signals in d6-DMSO CH3 signals in d6-DMSO

NH signals in CDCl3 CH3 signals in CDCl3

*E, Z notation was chosen for isomers due to the restricted rotation in the amide group, while cis, trans notation was used for geometrical isomers of the azomethine group. The 
geometry of the whole molecule was called “cis” in the case of R2 and R1 in the cis location with respect to the double bond of R2N = CR1CH3 group, and ”trans” when R2 and R1 
were located trans. R1 = CH2CH3, and the rest of the moiety of the molecule in compound 11 is marked as R2.
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ous groups located differently with respect to the isomerization 
center were as follows: 6 ppm for the CO group carbons, 4.5 ppm 
for the CH=N group carbons, 1.3 ppm for the methylene group 
carbons of the CH2CO fragment and 0.8 ppm for the methylene 
group carbons of the CH2N fragment. The influence of the lone 
pair of the azomethine group in the case of identical substitu-
tion in the azomethine group (7–10) was attested by the two sets 
of resonances of methylene group carbons with differences in 
chemical shifts of about 0.2 ppm for the CH2CO fragment and 
about 0.1 ppm for the CH2N fragment; similarly, differences of 
0.08 ppm for CO groups carbons and 0.05 ppm for N=C group 
carbons were noted. The distributions of all other resonances 
in the NMR spectra of compounds 7–11 displayed evidence for 
the coexistence of isomeric structures and their relative stability 
using solvents of different polarity. The formation of the isomers 
of compounds 7–11 was reflected by characteristic splitting 
of the carbon resonances of the p-substituted benzene ring in 
13C NMR spectra.

EXPERIMENTAL 

the 1H and 13C NMR spectra were recorded on a Brucker Avance 
DPX 400 (400 MHz) and a Varian Unity Inova (300 MHz) spec-
trometers operating in the Fourier transform mode. Chemical 
shifts (δ) are given from TMS (0 ppm) as an internal standard 
for 1H NMR, and CDCl3 (77.0 ppm) or d6-DMSO (39.5 ppm) for 
13C NMR. Melting points were determined on an automatic APA1 
melting point apparatus and were uncorrected. Mass spectra 
were obtained on a Waters (Micromas) ZQ 2000 Spectrometer 
using the chemical ionization (CI) mode. 

The molecular modeling of the compounds under study 
was carried out by molecular mechanics method (MM2) using 
Chem 3D Ultra 9.0 (Licence Cambridge Software Package, Serial 
number: 031 406391 4800). 

3-[(2-Carboxyethyl)(4-methoxyphenyl)amino]propanoic 
acid (3). A solution of p-methoxyaniline (1) (61.5 g, 0.5 mol) 
in toluene (100 ml) was heated up to 50 °C, and acrylic acid 
(144 ml, 2 mol) was added. The reaction mixture was kept at 
room temperature for 12 h. The crystals formed were filtered 
off, washed twice with diethyl ether, and recrystallized from 
ethanol–diethyl ether mixture to give 3 (127.2 g, 95%). M. p. 
119–120 °C. 1H NMR (400 MHz, d6-DMSO) δ: 2.40 (t, 4H, 
J = 6.9 Hz, CH2CO), 3.46 (t, 4H, J = 6.9 Hz, CH2N), 3.67 (s, 3H, 
OCH3), 6.71 (d, 2H, J = 9.2 Hz, 2,6-Har), 6.81 (d, 2H, J = 9.2 Hz, 
3,5-Har). 13C NMR (100.61 MHz, d6-DMSO) δ:  32.22 (CH2CO), 
47.27 (CH2N), 55.42 (OCH3), 114.94 (C-2,6), 115.26 (C-3,5), 
141.74 (C-1), 151.71 (C-4), 173.20 (CO). MS (20 V, m/z): 268.6 
[M + H]+ (100%). Elemental analysis data: found, %: C, 58.34; 
H, 6.80; N, 4.92; formula C13H17NO5 (267.2793): calculated, %: C, 
58.42; H, 6.41; N, 5.24.

3-[(2-Carboxyethyl)(4-ethoxyphenyl)amino]propanoic 
acid (4). Prepared from p-ethoxyaniline (2) (68.5 g, 0.5 mol) 
similar to the synthesis procedure of 3 to obtain 4, which was re-
crystallized from ethanol (136 g, 97%). M. p. 96.5–98 °C. 1H NMR 
(400 MHz, d6-DMSO) δ: 1.27, (t, 4H, J = 6.9 Hz, CH3CH2O), 
2.35 (t, 4H, J = 6.9 Hz, CH2CO), 3.43 (t, 4H, J = 6.9 Hz, CH2N), 
3.91 (s, 2H, J = 6.9 Hz, CH3CH2O), 6.66 (d, 2H, J = 9.2 Hz, 
2,6-Har), 6.78 (d, 2H, J = 9.2 Hz, 3,5-Har). 13C NMR (100.61 MHz, 

d6-DMSO) δ: 14.86 (CH3CH2O), 33.14 (CH2CO), 47.51 (CH2N), 
63.49 (CH3CH2O), 114.61 (C-2,6), 115.70 (C-3,5), 142.01 (C-1), 
150.41 (C-4), 174.01 (CO). MS (20 V, m/z): 282.4 [M + H]+ 

(100%). Elemental analysis data: found, %: C, 60.15; H, 6.93; N, 
4.87; formula C14H19NO5 (281.3061): calculated, %: 59.78; H, 
6.81; N, 4.98.

3-{[2-(Hydrazinocarbonyl)ethyl](4-methoxyphenyl)ami-
no}propanohydrazide (5). A mixture of 3 (26.7 g, 0.1 mol), 
toluene (500 ml) and hydrazine hydrate (20 g, 0.4 mol) was 
heated at reflux for 4 h. The liquid fractions were then evapo-
rated on a rotary evaporator. The residue was dissolved in 2-pro-
panol. The crystals formed were filtered, washed with diethyl 
ether and recrystallized from 2-propanol to give 5 (18.7 g, 63%). 
M. p. 143–144 °C. 1H NMR (300 MHz, d6-DMSO) δ: 2.23 (t, 4H, 
J = 6.9 Hz, CH2CO), 3.41 (t, 4H, J = 6.9 Hz, CH2N), 3.67 (s, 3H, 
OCH3), 4.45 (br. s, 2H, NH2), 6.68 (d, 2H, J = 9.2 Hz, 2,6-Har), 
6.80 (d, 2H, J = 9.2 Hz, 3,5-Har), 9.02 (s, 1H, NH). 13C NMR 
(75.4 MHz, d6-DMSO) δ: 31.58 (CH2CO), 47.59 (CH2N), 
55.33 (OCH3), 114.29 (C-2,6), 114.77 (C-3,5), 141.73 (C-1), 
151.08 (C-4), 170.21 (CO). MS (15 V, m/z): 296.5 [M + H]+ 

(90%). Elemental analysis data: found, %: C, 52.46; H, 6.98; N, 
23.56; formula C13H21N5O3 (295.3409): calculated, %: C, 52.87; H, 
7.17; N, 23.71.

3-{(4-Ethoxyphenyl)[2-(hydrazinocarbonyl)ethyl]ami-
no}propanohydrazide (6). Prepared from 4 (28.1 g, 0.1 mol) 
similar as for 5 to obtain 6 which was recrystallized from 2-pro-
panol (24.3 g, 79%). M. p. 158–159 °C. 13C NMR (75.4 MHz, 
d6-DMSO) δ: 14.86 (CH3CH2O), 31.57 (CH2CO), 47.51 (CH2N), 
63.30 (CH3CH2O), 114.20 (C-2,6), 115.48 (C-3,5), 141.67 (C-1), 
150.23 (C-4), 170.17 (CO). MS (15 V, m/z): 310.2 [M + H]+ 

(85%). Elemental analysis data: found, %: C, 54.01; H, 7.22; N, 
22.19; formula C14H23N5O3 (309.3677): calculated, %: C, 54.35; H, 
7.49; N, 22.64.

N - Cycl ohex y l i d ene - 3 - { [ 2 - ( N 1- c yc l ohex y l i d ene -
hydrazinocarbonyl)ethyl](4-methoxyphenyl)amino}propa-
nohydrazide (7). Hydrazide 5 (1.475 g, 5 mmol) was dissolved 
in methanol (20 ml), and cyclohexanone (0.98 g, 10 mmol) 
was added drop-wise under stirring. The reaction mixture was 
refluxed for 1.5 h and then cooled down. The crystals formed 
were filtered off and washed with diethyl ether to give 7 (2.05 g, 
90%). M. p. 87.5–88.5 °C. 1H NMR (300 MHz, d6-DMSO) δ: 
1.48–1.68 (br. m, 12H, (3’,5’) CH2 + (4’)CH2), 2.18–2.44 (m, 8H, 
(2’,6’)CH2 + 0.49H, Z CH2CO), 2.67–2.77 (m, 0.51H, E CH2CO), 
3.43–3.52 (m, 4H, CH2N), 3.66 (s, 3H, OCH3), 6.69–6.83 (m, 4H, 
Har), 10.14 (s, 0.49H, Z NH), 10.23 (s, 0.51H, E NH). 13C NMR 
(75.4MHz, d6-DMSO) δ: 25.12 (C-3’), 25.59 (Z (C-‘4)), 25.63 (E 
(C-4’)), 26.46 (Z (C-2’)), 26.88 (C-5’), 27.13 (E (C-2’)), 30.66, 
30.88 (Z CH2CO), 31.95, 32.19 (E CH2CO), 34.93 (Z (C-6’)), 
35.11 (E (C-6’)), 46.65, 46.76 (Z CH2N), 47.42 (E CH2N), 
47.49 (E CH2N), 55.31 (OCH3), 113.56, 113.97, 114.61 (C-2,6), 
114.71 (C-3,5), 141.73, 141.81 (C-1), 150.72, 150.90, 151.17 (C-4), 
155.59 (Z (N=C-1’)), 160.49 (E (N=C-1’)), 167.20, 167.26 (Z 
CO), 173.18 (E CO); 1H NMR (300 MHz, CDCl3) δ: 1.59–1.93 
(br. m, 12H, (3’,5’)CH2 + (4’)CH2), 2.20–2.40 (m, 8H, (2’,6’)CH2, 
2.45–2.56 (m, 0.39H, Z CH2CO), 2.79–2.85 (m, 0.29H, (Z + E) 
CH2CO), 2.92–2.96 (m, 0.32H, E CH2CO), 3.44–3.49 (m, 0.34H, 
Z CH2N), 3.50–3.57 (m, 0.33H, (Z + E) CH2N), 3.63–3.68 (m, 
0.33H, E CH2N), 3.75, 3.76 (2s, 3H, OCH3), 6.80–6.93 (m, 4H, 
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Har), 8.07 (s, 0,12H, Z NH), 8.66, 8.71, 8.75 (br. m, 0.68H, E NH), 
9.18 (s, 0.20H, (Z + E) NH). MS (25 V, m/z): 456.4 [M + H]+ 

(100%). Elemental analysis data: found, %: C, 66.18; H, 8.31; N, 
15.01; formula C25H37N5O3 (455.5993): calculated, %: C, 65.91; H, 
8.18; N, 15.37.

N-Cyclohexylidene-3-{[2-(N1-cyclohexylidenehydra-
zinocarbonyl)ethyl](4-ethoxyphenyl)amino}propano-
hydrazide (8). Prepared from 6 (1.545 g, 5 mmol) according 
to the synthesis procedure of 7 to give 8 (2.1 g, 90%). M. p. 
111–112 °C. 1H NMR (300 MHz, d6-DMSO): δ 1.27 (t, 3H, 
J = 6.9 Hz, (CH3CH2O), 1.48–1.68 (br. m, 12H, (3’,5’)CH2 + (4’)
CH2), 2.18–2.44 (m, 8H, (2’,6’)CH2), 2.18–2.44 (m, 0.49H, 
Z CH2CO), 2.67–2.77 (m, 0.51H, E CH2CO), 3.42–3.52 (m, 
4H, CH2N), 3.90 (q, 2H, J = 6.9, CH3CH2O), 6.68–6.83 (m, 
4H, Har), 10.17 (s, 0,49H, Z NH), 10.26 (s, 0,51H, E NH). 13C 
NMR (75.4 MHz, d6-DMSO) δ: 14.86 (CH3CH2O), 25.16 (C-3’), 
25.63 (Z (C-‘4)), 25.67 (E (C-4’)), 26.48 (Z (C-2’)), 26.92 (C-5’), 
27.15 (E (C-2’)), 30.67, 30.91 (Z CH2CO), 31.96, 32.20 (E 
CH2CO), 34.96 (Z (C-6’)), 35.14 (E (C-6’)), 46.66, 46.76 (Z 
CH2N), 47.44, 47.44 (E CH2N), 63.31 (CH3CH2O), 113.55, 113.96, 
114.59 (C-2,6), 114.71, 115.44 (C-3,5), 141.73, 141.81 (C-1), 
150.34, 150.73, 151.17 (C-4), 155.60, 155.65 (Z (N=C-1’)), 
160.46 (E (N=C-1’)), 167.26, 167.31 (Z CO), 173.22 (E CO); 
MS (25 V, m/z): 470.5 [M + H]+ (100%). Elemental analysis 
data: found, %: C, 66.28; H, 8.23; N, 14.67; formula C26H39N5O3 
(469.6261): calculated, % C, 66.50; H, 8.37; N, 14.91.

3-{(4-Methoxyphenyl)[2-(N1-propan-2-ylidenehydra-
zinocarbonyl)ethyl]amino}-N1-(propan-2-ylidene)propa-
nohydrazide (9). A solution of 5 (1.475 g, 5 mmol) in acetone 
(15 ml) was refluxed for 4 h. The crystals formed after cooling 
down the reaction mixture were filtered off, washed with diethyl 
ether, and recrystallized from methanol to give 9 (1.35 g, 72%). 
M. p. 139–140 °C. 1H NMR (300 MHz, d6-DMSO) δ: 1.82, 1.83, 
1.84 (3s, 6H, cis((Z,E) (=CCH3)), 1.91 (s, 6H, trans(Z,E) (=CCH3), 
2.41–2.47 (m, 0.44H, Z CH2CO), 2.67–2.73 (m, 0.56H, E CH2CO), 
3.43–3.53 (m, 4H, CH2N), 3.67 (s, 3H, OCH3), 6.72–6.83 (m, 4H, 
Har), 9.99 (s, 0.44H, Z NH), 10.05 (s, 0,56H, E NH). 13C NMR (75.4 
MHz, d6-DMSO) δ: 16.99, 17.46 (cis(Z,E) (=CCH3)), 24.92, 
25.11 (trans(Z,E) (=CCH3)), 30.67, 30.92 (Z CH2CO), 31.95, 
32.17 (E CH2CO), 46.67, 46.75 (Z CH2N), 55.31 (OCH3), 113.62, 
114.77, 114.86 (C-2,6), 114.74 (C-3,5), 141.72, 141.87 (C-1), 
150.22, 150.26 (Z (N = C)), 150.77, 150.97, 151.29 (C-4), 
154.72 (E (N = C)), 167.12, 167.20 (Z CO), 173.02 (E CO); 
1H NMR (300 MHz, CDCl3) δ: 1.82, 1.86, 1.88 (3s, 6H, cis: Z, 
(E + Z), E (=CCH3)), 1.96, 2.00, 2.03 (3s, 6H, trans: Z, E, (E + Z) 
(=CCH3)), 2.47–2.56 (m, 0.36H, Z CH2CO), 2.78–2.83 (m, 0.22H, 
(E + Z) CH2CO), 2.88–2.93 (m, 0.42H, E CH2CO), 3.45–3.57 (m, 
0.61H, Z, (Z + E) CH2N), 3.61–3.67 (m, 0.39H, E CH2N), 3.72, 3.75, 
3.76 (3s, 3H, OCH3), 6.77–6.92 (m, 4H, Har), 9.20 (s, 0.30H, Z NH), 
9.26 (s, 0,53H, E NH), 9.41 (s, 0.17H, (E + Z) NH); 13C NMR 
(75.4 MHz, CDCl3) δ: 16.26, 16.90 (cis(Z,E) (=CCH3)), 25.17 
(trans(Z,E) (=CCH3)), 30.09, 31.07, 33.00 (Z, E, (Z + E) CH2CO), 
47.11 (Z CH2N), 48.45, 49.29 (E, (Z + E) CH2N), 55.37, 55.61 
(OCH3), 113.86 114.50, 114.62, 117.00, 118.30, 118.65 (C-2,3,5,6), 
141.20, 141.55, 141.67 (C-1), 150.44, 151.09 (C-4), 149.96 (Z 
(N=C)), 153.63, 154.40, 155.08 (E (N=C)), 168.27, 168.45 (Z CO), 
174.10, 174.22 (E CO). MS (15 V, m/z): 376.5 [M + H]+ (100%). 
Elemental analysis data: found, %: C, 60.61; H, 7.39; N, 18.25; for-

mula C19H29N5O3 (375.4701): calculated, %: C, 60.78; H, 7.78; N, 
18.68.

3-{(4-Ethoxyphenyl)[2-(N1-propan-2-ylidenehydra-
zinocarbonyl)ethyl]amino}-N1-(propan-2-ylidene)propano-
hydrazide (10). Prepared from 6 (1.545 g, 5 mmol) according 
to the synthesis procedure of 9 to give 10, which was recrystal-
lized from methanol (1.3 g, 67%). M. p. 131–132 °C. 1H NMR 
(300 MHz, d6-DMSO) δ: 1.28 (t, 3H, J = 6.9 Hz, OCH2CH3), 1.81, 
1.82, 1.83 (3s, 6H, cis(Z, E) (=CCH3)), 1.91 (s, 6H, trans(Z + E) 
(=CCH3)), 2.22–2.73 (m, 0.16H, Z CH2CO), 2.37–2.53 (m, 0.31H, 
(E + Z) CH2CO), 2.64–2.75 (m, 0.53H, E CH2CO), 3.40–3.52 (m, 
4H, CH2N), 3.90 (q, 2H, J = 6.9 Hz, OCH2CH3), 6.64–6.82 (m, 
4H, Har), 9.97 (s, 0.44H, Z NH), 10.04 (s, 0,56H, E NH). 13C NMR 
(75.4 MHz, d6-DMSO) δ: 14.84 (OCH2CH3), 16.99, 17.46 (cis(Z, 
E) (=CCH3)), 24.92, 25.10 (trans (Z,E)(=CCH3)), 30.66, 30.92 (Z 
CH2CO), 31.95, 32.20 (E CH2CO), 46.64, 46.73 (Z CH2N), 
47.40, 47.50 (E CH2N), 63.30 (OCH2CH3), 113.56, 114.00, 
114.78 (C-2,6), 115.47 (C-3,5), 141.67, 141.84 (C-1), 149.92 (Z 
(N = C)), 150.12, 150.26 (C-4), 154.71 (E (CH=N)), 167.08, 
167.16 (Z CO), 170.10 ((Z + E) CO), 172.98 (E CO). MS (30 V, 
m/z): 390.4 [M + H]+ (100%). Elemental analysis data: found, %: 
C, 61.32; H, 8.25; N, 17.90; formula C20H31N5O3 (389.4969): cal-
culated, %: C, 61.67; H, 8.02; N, 17.98.

N1-(Butan-2-ylidene)-3-{(2-(N1-(butan-2-ylidenehydra-
zinocarbonyl)ethyl](3-ethoxyphenyl)amino}propanohydra-
zide (11). Prepared from 6 (1.545 g, 5 mmol) and ethyl methyl 
ketone (1.59 ml, 1.44 g, 20 mmol) according to the synthesis pro-
cedure of 9 to yield 11, which was recrystallized from acetone–wa-
ter mixture (1.2 g, 62%). M. p. 101.5–102.5 °C. 1H NMR (300 MHz, 
d6-DMSO) δ: 0.93–1.03 (m, 6H, (cis, trans)(Z, E) (=CH2CH3)), 
1.27 (t, 3H, J = 6.9 Hz, OCH2CH3), 1.80, 1.81 (2s, 0.82H, trans (Z, E) 
(=CCH3)), 1.89 (s, 0.18H, cis(Z, E) (=CCH3)), 2.16–2.31 (m, 4H, 
(cis, trans)(Z, E) (=CH2CH3)), 2.38–2.47 (m, 0.37H, Z CH2CO), 
2.67–2.75 (m, 0.63H, E CH2CO), 3.41–3.53 (m, 4H, CH2N), 
3.90 (q, 2H, J = 6.9 Hz, OCH2CH3), 6.67–6.82 (m, 4H, Har), 9.97 (s, 
0.34H, Z(trans) NH), 10.05, 10.07 (2s, 0.56H, Z(cis) + E(trans) 
NH), 10.18 (s, 0.10H, E(cis) NH); 13C NMR (75.4 MHz, d6-DMSO) 
δ: 9.77 (cis(Z, E) (=CCH2CH3)), 10.61 (trans(Z) (=CCH2CH3)), 
10.88 (trans(E) (=CCH2CH3)), 14.87 (OCH2CH3), 15.73 (trans(Z) 
(=CCH3)), 15.91 (trans(E) (=CCH3)), 22.16, 22.47, 22.93, 23.33 
(cis(Z,E) (=CCH3) + cis(Z,E) (=CCH2CH3)), 30.62 (Z(cis) CH2CO), 
30.84 (Z(trans) CH2CO), 31.52 (trans(Z) (=CCH2CH3)), 31.56 
(trans(E) (=CCH2CH3)), 32.00 (E(cis) CH2CO), 32.18 (E(trans) 
CH2CO), 46.83 (Z CH2N), 47.47 (E CH2N), 63.30 (OCH2CH3), 
113.59, 114.76, 114.05, 114.37, 114.75 (C-2,6), 115.44 (C-3,5), 
141.68 (C-1), 149.98, 150.00, 150.17, 150.30, 150.45 (C-4), 
153.76 (Z(cis) (N = C)), 153.84 (Z(trans) (N=C)), 158.16 (E(cis) 
(N=C)), 158.21 (E(trans) (N=C)), 167.19 (Z(cis) CO), 167.28 
(Z(trans) CO),170.13 ((Z+E) CO), 173.21 (E CO). 1H NMR (300 
MHz, CDCl3) δ: 1.02–1.12 (m, 6H, =CCH2CH3), 1.35–1.41 (m, 
3H, OCH2CH3), 1.80, 1.82, 1.84 (3s, 0.79H, trans: (Z), (E + Z), (E) 
=CCH3), 1.93, 1.97, 2.02 (3s, 0.21H, cis: (Z), (E), (E + Z) =CCH3), 
2.18–2.46 (m, 4H, =CCH2CH3), 2.46–2.56 (m, 0.29H, Z CH2CO), 
2.79–2.86 (m, 0.24H, (Z + E) CH2CO), 2.89–2.96 (m, 0.47H, E 
CH2CO), 3.47–3.67 (m, 4H, CH2N), 3.92–4.02 (m, 2H, OCH2CH3), 
6.79–6.93 (m, 4H, Har), 7.98, 8.05, 8.19 (3s, 0.17H, E(cis) NH), 8.89, 
8.95, 9.01 9.08, 9.16, 9.20 (6s, 0.61H, E(trans) + Z(cis) NH), 9.70, 
9.71, 9.85 (3s, 0.22H, Z(trans)NH). 13C NMR (75.4 MHz, CDCl3) δ: 
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9.64 (cis(Z) (=CCH2CH3)), 9.74 (cis(E) (=CCH2CH3)), 10.43, 10.58 
(trans (Z) (=CCH2CH3)), 10.99, 11.06 (trans (E) (=CCH2CH3)), 
14.83 (CH3CH2O), 14.92 (trans(Z) (=CCH3)), 14.94 (trans(E) 
(=CCH3)), 22.49, 22.63, 22.86, 23.61 (cis(Z, E) (=CCH3) + cis(Z, E) 
(=CCH2CH3)), 30.14, 30.73, 31.07 (Z(cis,trans) CH2CO), 31.99, 
32.04 (trans(Z) (=CCH2CH3)), 32.76, 33.16, 33.26 (E (cis,trans) 
(CH2CO), 47.25 (Z(cis,trans) CH2N), 48.43, 48.74, 49.00, 49.31, 
49.46, 49.56, 49.67 (E(cis,trans), (Z + E)(cis,trans) CH2N), 63.72, 
64.01 CH3CH2O), 113.96 115.31, 115.62, 118.04, 119.17, 119.33, 
119.43 (C-2,3,5,6), 141.16, 141.59, 141.77 (C-1), 150.52 (C-4), 
153.40, 153.52, 153.73, 153,94, 154.26 (Z(cis,trans) (C=N)), 158.12 
(E(cis) (C=N)), 158.71 (E(trans) (C=N)), 168.34 (Z CO), 172.52 
((Z + E) CO), 174.18 (E(cis) CO); 174.27 (E(trans) CO). MS (15 V, 
m/z): 418.6 [M + H]+ (100%). Elemental analysis data: found, %: 
C, 62.98; H, 8.14; N, 16.39; formula C22H35N5O3 (417.5505): calcu-
lated, %: C, 63.28; H, 8.45; N, 16.77.

CONCLUSIONS

3-{[2-(N1-alkylidenehydrazinocarbonyl)ethyl](4-alkoxyphenyl)
amino}propanohydrazides were synthesized from p-methoxy- 
and p-ethoxyanilines via 3-[(2-carboxyethyl)(4-alkoxyphenyl)
amino]propanoic acids and their dihydrazides. 

The structure of the compounds under study was unam-
biguously elucidated by combining the elemental analysis, 
mass, and 1H, 13C NMR spectroscopy with molecular modeling 
data. The formation of E / Z rotamers of the amide fragment 
and cis / trans geometrical isomers of the azomethine group 
in the solvents of different polarity was proven and analyzed 
in detail.
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Ingrida Tumosienė, Kristina Kantminienė,  
Zigmuntas J. Beresnevičius, Gema Mikulskienė

3-{[2-(N1-AlkilidenhidrazinoKarbonil)etil]-
(4-alkoksifenil)amino} propanhidrazidų 
Darinių sintezė ir jų izomerų struktūros 
analizė 

S a n t r a u k a
Tiriamos 3-[(2-karboksietil)(4-alkoksifenil)amino]propano rūgštys 
susintetintos iš p-metoksianilino ir p-etoksianilino, jiems reaguojant su 
akrilo rūgštimi. Jos buvo paverstos dihidrazidais, kurių kondensacijos su 
cikloheksanonu, acetonu ir etilmetilketonu reakcijos metu buvo susin-
tetinti 3-{[2-(N1-alkilidenhidrazinokarbonil)etil](4-alkoksifenil)amino}
propanhidrazidai. Susintetintų junginių struktūra įdomi dėl vienodų 
abiejų aminogrupės pakaitų, pasižyminčių skirtingu išsidėstymu erdvė-
je. Kiekvieno pakaito sudėtyje yra amido- ir azometinofragmentai, ku-
riems būdinga sudaryti izomerus. Junginių struktūra įrodyta ir izomerų 
susidarymas skirtingo polingumo tirpikliuose nagrinėjamas remiantis 
elementinės analizės, masių, 1H bei 13C BMR spektrų duomenimis ir de-
rinant juos su kompiuterinio molekulių modeliavimo rezultatais.


