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Abstract—14-Membered azamacrocyclic compounds, substituted 1,4,8,11-tetraazacyclotetradeca-4,11-diene
and 1,4,8,11-tetraazacyclotetradeca-4,14-diene containing azomethine cycle and amine nitrogen atoms, were
obtained as a mixture of #rans- and cis-isomers by reacting ethylenediamine with acetone and methyl ethyl
ketone. More stable trans-isomers were isolated individually by vacuum distillation.
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Azamacrocyclic compounds are important objects
of supramolecular chemistry [1] due in particular to
their wide spectrum of practically important properties.
So, they tend to form discotic liquid crystals [2] and
exhibit selective binding of metal cations and anions,
acting as artificial anion receptors [3]. Metal
complexes of macrocyclic Schiff bases are charac-
terized by unusual magnetic and optical properties [4,
5], as well as by catalytic activity in redox reactions
and inhibitory activity towards auto-oxidation
reactions [6, 7]. Some of them show biological activity
and are potential drugs. For example, complexes of 14-
membered azamacrocycle exhibit antibacterial activity
and are available for the use as analogs of antifungal
drug Fluconazole [8].

In this regard, the development of new methods for
the synthesis of macrocyclic nitrogen-containing
compounds is an urgent task.

Recently, we obtained [LNi]*Cl, complex (L was
5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetra-
deca-4,11-diene) via reaction of nickel(Il) trisethylene-
diaminate complex with acetone and alongside the
complex free ligand L was isolated in a 35% yield of
[9]. It should be noted that attempts to synthesize
aliphatic diene ligands as free Schiff bases have been

unsuccessful due to their ability to hydrolysis and aldol-
crotonic condensation [10, 11]. However, azamacro-
cyclic ligand we obtained was a stable compound. This
fact prompted us to investigate the possibility of
azamacrocycles synthesis by reacting ethylenediamine
with acetone and other aliphatic ketones, by passing the
intermediate step of producing their perchlorate salts
or metal complexes, wherefrom free ligands can be
prepared by the action of alkali solution [12, 13] or by
reaction with potassium cyanide [14, 15], respectively.

Cyclocondensation of ethylenediamine with acetone
and methyl ethyl ketone was found to form 14-mem-
bered azamacrocyclic compounds as a mixture of
trans- and cis-isomers: 5,7,7,12,14,14-hexamethyl-1,4,8,11-
tetraazacyclotetradeca-4,11-diene 1a, 5,7,7,12,12,14-
hexamethyl-1,4,8,11-tetraazacyclotetradeca-4,14-diene
1b and 7,14-dimethyl-5,7,12,14-tetracthyl-1,4,8,11- tetra-
azacyclotetradeca-4,11-diene 2a, 7,12-dimethyl-5,7,12,14-
tetraethyl-1,4,8,11-tetraazacyclotetradeca-4,14-diene
2b, respectively. Reacting ethylenediamine with acetone
in a ratio of 1 : 2 under reflux in ethanol for 10 h
resulted in the formation of trans- (1a) and cis-isomers
(1b) in a ratio of 1.3 : 1.0. By '"H NMR, the reaction
was not complicated by side transformations (Fig. 1).
The total yield of compounds 1a and 1b was 63%.
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Cyclocondensation of ethylenediamine  with
acetone proceeded successfully at room temperature in
24 h to form frans- (1a) and cis-isomers (1b) in a ratio
of 1.5 : 1.0 (according to 'H NMR spectrum) in a
quantitative yield.

The formation of isomeric compounds 1a and 1b
occurred probably through the pre-condensation of
ethylenediamine with one (direction a for trans-
isomer) or two (direction b for cis-isomer) acetone
molecules according to Scheme 1.'

Similarly, ethylenediamine reacted with methyl
ethyl ketone to form the corresponding isomeric
macrocycles 2a and 2b in a ratio of 1.5 : 1.0 in a total
yield of 58%.

It should be noted that cis-isomers 1b and 2b were
unstable and underwent decomposition on prolonged
storage or under a vacuum distillation. These com-
pounds were only detected spectrally in a mixture with
trans-isomers la or 2a. The latter were isolated in a
pure state by distillation in a vacuum as yellowish oily
substances. Contrary to the statement in [10, 11] on the
instability of the azamacrocyclic compounds con-
taining alkyl substituents on the carbon atoms of the

! Hereinafter, the numbering of ring atoms was carried out in
accordance with recommendations [16, 17] used for naming
these heterocyclic compounds.

macrocycle, trans-isomers 1a and 2a were stable, were
stored at 4-20°C for over a year and did not undergo
degradation even after prolonged boiling in ethanol
solution.

To compare spectral characteristics of the resulting
compounds la and 1b and the known salts of these
macrocyclic compounds we obtained perchlorate salt
L-2HCIO,4 by condensation of monoperchlorate salt of
ethylenediamine and acetone by procedures [10, 18].
In contrast to the literature data [10, 18], the reaction
afforded not trans-diene L salt, but a mixture of its
structural isomers 3a and 3b with different mutual
arrangement of azomethine groups (trans-3a, cis-3b)
in 1 : 1 ratio (Scheme 2).

Formation of isomers 3a and 3b was proved by
doubling of the signals of protons and carbon atoms of
all the structural fragments in the 'H and “C NMR
spectra (see table).

The structures of compounds 1-3 were confirmed
by means of IR, 'H and >C NMR spectroscopy, mass
spectrometry, and by comparison of their spectral
characteristics with those of parent compounds [19].

In the '"H NMR spectra of compounds 1-3 there
were the signals of protons of all the structural
fragments of the molecules (see table). The signals of
four CH; groups in compounds 1 and 3 or two CHj;
groups of compounds 2 attached at sp’-hybridized
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Scheme 2.
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carbon atom were equivalent and appeared as one
singlet in the range of 0.93—1.30 ppm. Protons of two
CH; groups bound with azomethine carbon resonated
in weaker field (1.90-2.09 ppm). The signals of ethyl
protons of compounds 2a and 2b attached to the sp’-
hybridized carbon atoms appeared in the upfield area
[CH; proton were seen as triplets at 0.77 and 0.88 ppm;
CH, protons being diastereotopic resonated as two
multiplets at 1.26 and 1.33 ppm, 1.45 and 1.51 ppm
(Fig. 2)]. The protons of ethyl moieties attached to the
sp>-hybridized carbon atoms resonated in more
downfield region [0.95, 1.02 ppm (CHy); 2.14, 2.23 ppm
(CH,)]. The signals of methylene bridge protons (H®,
H") of compounds 1 and 3 were observed as singlets
in the range of 2.40-2.69 ppm. In the spectra of
compounds 2a and 2b these protons were dia-
stereotopic and appeared as multiplets at 2.45 (2a) and
2.36 ppm (2b) (Fig. 2). The methylene protons of
NHCH, and =NCH, groups in compounds 1-3
resonated as multiplets in the regions of 2.54-3.26 and

3.20-3.66 ppm, respectively. The broadened signals in
the range of 4.40-4.50 ppm corresponded to the
protons of two amino groups.

Analyzing '"H NMR spectral data of compounds 1-3,
we conclude that the chemical shifts of the protons of
methylene groups bound to the amino and azomethine
nitrogen atoms may be used as a criterion of the
identification of trans- and cis-isomers, since in all the
cases the difference values of the chemical shifts (e. g.,
A = 33 410 — d2 9 for compounds 1a—3a or A = d3 2 —
du10p9 for compounds 1b-3b), is significantly larger in
the case of the trans-isomers (0.63—-0.80 ppm) than in
the case of the cis-isomers (0.25-0.30 ppm).

Unequivocal assignment of the proton signals was
provided by two-dimensional HMQC and HMBC
spectroscopy. So, in '"H-">C HMQC spectrum of 1a
(Fig. 3) a correlation existed between the cor-
responding protons and carbon atoms: 6y 1.03 ppm
and ¢ 28.0 ppm, 6y 1.90 ppm and 5¢ 31.0 ppm for the

la
4CH; ib
1a 4CH;
2CHj;
trans-1a cis-1b 1a
6 gl3
HO H 1b
1b 2CH3
H6,H13
1a 1b 1a
H3,H10 H3,H10 HZ,H9
_.lH A 1 u‘ 1 _J 1 1 J\.“"..JlL
3.5 3.0 2.5 2.0 1.5 1.0
3, ppm

Fig. 1. '"H NMR spectrum of the reaction mixture of trans- and cis-isomers 1a and 1b.
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'H and ">C NMR spectral data for compounds 1-3
2 1 1 2
R 213 IEJH HE 121314| R
N HN 3 3 NH N
10 11 1 2 10 11 1 2
E, .3 E, .3
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g CH3 R R H13 (H‘)’ (HZ’ NH (C7, C12) Cl3 (CS,CH) (CZ, C3) (C()’ CIO) :CCH3
HIO) H3)
1a {1.035[1.03 s (CH3) [1.90 s (CH3) 2405|275t (350t 4.50 | 52.20 | 50.0 | 174.00 | 54.58 | 42.70 | 28.00
A=0.75" | brs 31.00
1b [1.12s[1.12 s (CH3) 2.00 s (CHs) 2.49's |[(2.83 1)(3.131) 4.40 |(52.00) | 46.19 | (168.82) | (54.11) | (41.26) | 28.12
A=030" | brs 30.62
2a (093s| 077t 0.95m 245m(2.80m| 3.60 | — | 49.20 |44.89| 170.85 | 54.78 | 42.85 | 25.57
(CH;CH,), m
126 mand | (CH;CH,), 2.14 A=0.80" 35.58
1.45m q (CH;CH,)
(CH3CHy)
2b [1.00s| 088t 1.02 m 236 m|(294m)(3.19m) — | (48.80)|46.24 | (172.37) | (54.04) | (41.10) | 26.33
(CH;CHy),
1.33mand | (CH;CH,), 2.23 A=025" 33.37
1.51m q (CH;CH,)
(CH;CHo)
3a°|1.30s|1.30s (CHy) | 2.09s(CH;) [2.695s|3.03m|3.66 | 4.20 | 58.26 |49.40 | 174.62 | 58.26 | 50.03 | 25.39
m
A=0.63" 31.85
3b°|1.22s/1.22s(CH;)| 2.02s(CHs) [2.50s| (3.25 [(3.50| — [(55.26)|47.37 | (174.60) | (54.26) | (43.45) | 24.73
m) | m)
A=0.25 30.99

A = 8y3 110 — dp2 1o. bA= du3n2 — dutoyo. © The spectra were recorded in DMSO-d.

CH;-groups attached to the sp’- and sp*-hybridized
carbon atoms, respectively; H®H'" (2.40 ppm)/C®,C"
(50.0 ppm); H2H’ (2.75 ppm)/C*,C° (42.70 ppm);
H’,H" (3.50 ppm)/ C*,C" (54.58 ppm). The 'H-"*C
HMBC spectrum of 1a contained the following
correlations between the protons and adjacent carbons:
H’,H" (3.50 ppm)/C*,C° (42.70 ppm) and C°,C'"
(174.0 ppm); H>H’ (2.75 ppm)/C’,C"* (52.2 ppm);
H®H" (2.40 ppm)/C°,C"* (174.0 ppm) and C'.C"
(52.2 ppm); CH; (1.03 ppm)/C’,C"* (52.2 ppm); CHj
(1.90 ppm)/C>,C"? (174.0 ppm) and C°,C"* (50.0 ppm).
In 'H-'"H COSY spectrum of 1a (Fig. 4) a correlation

was observed between the signals of the protons H?, H’
and H*, H' of CH, groups of the ethylene bridge.

The ">C NMR spectra of compounds 1-3 contained
the signals of all carbon atoms (see the table).

In the mass spectrum (ESI) of compound 1a the
most intense peak with m/z 281.2701 corresponded to
the ion [M — H]". Besides, there were the following
peaks, m/z: 282.2722 [M — 2H]", 283.2528 [M — 3H]",
and 284.2525 [M — 4H]". IR spectra of compounds 1 and
2 contained absorption of the secondary amino groups
(3180-3255 cm ™) and C=N bond (1600-1670 cm ).

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 9 2015



2084 ANISIMOVA et al.
4CH;
2CH,4
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Fig. 2. "H NMR spectrum of compound 2a.
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H-7/C= H+/CH
H310/c3.10 - CHyCH;  CHyCH,
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90} 2CH,-N=
110F
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Fig. 3. '"H-"C HMQC spectrum of compound 1a.
Hence, the reaction of ethylenediamine with  microtof 10223 (solvent methanol) instrument. TLC

aliphatic ketones as exemplified by methyl ethyl
ketone and acetone is a simple method of the synthesis
of 14-membered azamacrocyclic compounds contain-
ing amino and azomethine ring nitrogen atoms.

EXPERIMENTAL

'H, “c, 'H-"C HMQC, 'H-"*C HMBC NMR
spectra were recorded on a Jeol ECX400A spectro-
meter operating at 100.52 (**C) and 399.78 MHz ('H)
in CDCI;. IR spectra were taken on a Shimadzu IR
Prestige-21 Fourier spectrometer in chloroform. Mass
spectrum (ESI) was registered on a Bruker Customer

analysis was performed on Silufol UF-254 plates,
eluting with hexane—acetone mixture, 3 : 2. Elemental
analysis was made on a Carlo Erba 1106 instrument.

Ethylenediamine monohydroperchlorate and per-
chlorates 3a and 3b were prepared according to [9].

5,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraaza-
cyclotetradeca-4,11-diene (1a) and 5,7,7,12,12,14-
hexamethyl-1,4,8,11-tetraazacyclotetradeca-4,14-
diene (1b). a. Under heating. A solution of 10.2 g
(0.17 mol) of ethylenediamine in 50 mL of anhydrous
acetone and ethanol (1 : 1) was refluxed for 10 h. The
reaction mixture was evaporated on a rotary eva-
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2CH, 2CH3-C= 4CH3‘C‘
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Fig. 4. '"H-"H COSY spectrum of compound 1a.

porator. The residue, a mixture of cis- and trans-
isomers in a ratio of 1a : 1b = 1.3 : 1.0 ("H NMR), was
distilled in a vacuum to yield 14.9 g (63%) of a
mixture of trans- and cis-isomers 1a and 1b in a ratio
of 3.0 : 1.0, bp 40-60°C (2 mmHg). Additional
distillation of the mixture in a vacuum gave trans-
isomer la, bp 60-62°C (2 mmHg). Mass spectrum
(ESI): m/z 281.2701 [M — H]". Found, %: C 68.31,
68.38; H 11.54, 11.56; N 20.05, 20.10. C;sH3;Ny.
Calculated, %: C 68.52; H 11.50; N 19.98.

b. At room temperature. A solution of 10.2 g
(0.17 mol) of ethylenediamine in 50 mL of anhydrous
acetone and ethanol (1 : 1) was stirred for 10 h and left
standing at room temperature for 24 h. The reaction
mixture was evaporated on a rotary evaporator. The
residue, a mixture of cis- and trans-isomers in a ratio
of 1a : 1b = 1.5 : 1.0 ("H NMR), was distilled in a
vacuum (2 mmHg) to yield three fractions: 3.40 g of a
mixture of isomers 1a and 1b in a ratio of 3.0 : 1.0, bp
28-40°C; 4.87 g of a mixture of isomers 1a and 1b in a
ratio of 10.0 : 1.0, bp 40—60°C and 8.74 g of trans-
isomer 1la, bp 60-62°C. The overall yield of
compounds 1a and 1b was 72%.

7,14-Dimethyl-5,7,12,14-tetraethyl-1,4,8,11-tetra-
azacyclotetradeca-4,11-diene (2a) and 7,12-
dimethyl-5,7,12,14-tetraethyl-1,4,8,11-tetraaza-
cyclotetradeca-4,14-diene (2b). a. Under heating. A
solution of 10.2 g (0.17 mol) of ethylenediamine in
60 mL of anhydrous methyl ethyl ketone and ethanol
(1 : 1) was refluxed for 10 h. The reaction mixture was
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evaporated on a rotary evaporator. The residue was
distilled in a vacuum to give 16.5 g (58%) of a mixture
of trans- and cis-isomers 2a and 2b in a ratio of
40 : 1.0, bp 22-29°C (3 mmHg). Additional
distillation of the resulting mixture in a vacuum gave
trans-isomer 2a, bp 25-28°C (3 mmHg). Found, %: C
71.51,71.56; H 11.80, 11.84; N 16.74, 16.80. CyoH4oNj.
Calculated, %: C 71.37; H 11.98; N 16.65.

b. At room temperature. A solution of 10.2 g
(0.17 mol) of ethylenediamine in 60 mL of anhydrous
methyl ethyl ketone and ethanol (1 : 1) was stirred for
10 h and left standing at room temperature for 24 h.
The reaction mixture was evaporated on a rotary
evaporator. The residue, a mixture of trans- and cis-
isomers in a ratio 2a : 2b = 1.7 : 1.0 ("H NMR), was
distilled in a vacuum (3 mmHg) to yield three
fractions: 8.9 g of a mixture of isomers 2a and 2b in a
ratio of 4.0 : 1.0, bp 25-27°C; 5.8 g of a mixture of
isomers 2a and 2b in a ratio of 7.0 : 1.0, bp 28-29°C
and 5.2 g of trans-isomer 2a, bp 29-30°C. The overall
yield of compounds 2a and 2b was 70%.

Ethylenediamine monohydroperchlorate. To 37 mL
of 70% solution of freshly distilled ethylenediamine
was added with stirring 72 mL of 43.3% solution of
perchloric acid at cooling with ice-salt mixture. Then,
the temperature of the reaction mixture was adjusted to
20°C and mixture was evaporated on a rotary
evaporator at a temperature below 60°C. The resulting
residue was left standing to complete crystallization.
The obtained crystals were filtered off, washed with
ethanol, and dried in air. Yield 54 g (84%), mp 150°C.

5,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraaza-
cyclotetradeca-4,11-diene perchlorate (3a, 3b). A
solution of 10 g of ethylenediamine monohydroper-
chlorate in 100 mL of anhydrous acetone was allowed
to stand for 12 h at 20°C. The formed crystals were
filtered off and washed with acetone and then with
ethanol. According to 'H NMR, the obtained crystals
were a mixture of trans- and cis-isomers 3a and 3b in
a ratio of 1.0 : 1.0. Yield 12 g (80%), mp 147-150°C
(mp 158°C [10]).
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