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Synthesis of 4-Nitro- and 4-Aminophenylazacrown Ethers
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The study is dedicated to finding optimal reaction conditions for the introduction of 4-nitro- and 4-aminophenyl 
substituents into the structure of azacrown ethers with a varied ratio of oxygen to nitrogen heteroatoms. The synthetic 
procedure is proposed for the synthesis of 4-nitroaryl derivatives of crown ethers. This method is remarkably simple, 
has easy work-up and affords the formation solely of the monoarylation product. 
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Исследование посвящено поиску оптимальных условий реакции для введения 4-нитро- и 4-аминофенил-
заместителей в структуру азакраун-эфиров с различным соотношением кислородных и азотных гетероатомов. 
Предложена методика для синтеза 4-нитроарил-производных краун-эфиров. Этот метод имеет простое 
лабораторное исполнение. В ходе данной реакции образуется исключительно продукт моноарилирования.
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Aza-crown compounds have found application in vari-
ous areas of science and technology: in organic synthesis, in 
phase-transfer catalysis, in analytical chemistry, in medicine 
as highly selective ligands for metal cations and as contrast 
agents for magnet resonance tomography.[1-5] Aza-crown 
compounds also find use as chemicals for biochemical stud-
ies and as building blocks for supramolecular systems.[6-8]

Currently there are quite a number of diverse synthetic 
procedures that lead to aza-macroheterocyclic compounds.
[9-14] However, complex functional systems that include aza-
crown compounds as structural elements have been described 
to a much lesser extent. The instability of azamacrocyclic 

compounds under the conditions required to achieve their 
transformation into complex organic products is one of the 
reasons for this. Thus, the development of novel pathways 
to substituted azacrown compounds which could be used as 
parts in various functional system is an actual synthetic prob-
lem. Substituted aryl fragments are usable for such structural 
modification. The functional groups in the aromatic ring can 
be used for further modification of the molecule and the aro-
matic ring itself provides a means to study complex forma-
tion processes with optical spectroscopy. 

Aryl-substituted azacrown ethers can be synthesized 
using two basic strategies. The first one involves macrocy-
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clization of linear precursors, one of which bears an aryl 
group.[15-18] For instance, one of the general methods for the 
synthesis of N-phenyl azacrown compounds is the base-
promoted condensation of N-aryldiethanolamines or their 
derivatives with oligoethylene glycols and their aza- or 
thia-analogs. Vogtle and Dix were the first who used such 
procedure[13,14] to obtain N-phenylaza-15(18)-crown-5(6)-
ethers. When a dichloride is employed as the electrophilic 
component, the base is usually NaOH, while NaH is used 
for ditosylates.[13] 

The second strategy utilizes direct arylation of aza-
macrocyclic compounds.[19-21] The advantage of this meth-
od is that it allows the use of non-activated and sterically 
hindered aryl halides. The Buchwald reaction has been the 
major pathway of such a kind. Palladium-catalyzed reac-
tions, while presenting certain benefits, exhibit a number 
of disadvantages such as the difficulty of product isolation, 
moderate selectivity and require comparably complex ma-
nipulations. Several examples of the synthesis of N-phenyl-
azacrown compounds via arylation of the nitrogen atom are 
described.[22-25] The halogen derivatives of benzene bearing 
electron-withdrawing groups are generally employed as the 
reactants. The reaction conditions (heating of the reactants 
in a polar or neutral solvent in the presence of a base) depend 
on the nature of the arylation agent. 

The current study describes the reaction conditions 
for the introduction of a 4-nitrophenyl substituent into the 
molecules of crown ethers that have different ratios of het-
eroatoms (oxygen and nitrogen). There are currently two 
examples of the use of 1-fluoro-4-nitrobenzene for the ar-
ylation of aza-crown ethers.[26,27] A single paper presents 
data on a multi-step synthesis that involves arylation with 
nitrofluorobenzene resulting in the formation of a mono-
aryl derivative of cyclen.[26] We have studied arylation of the 
model compounds (piperidine, morpholine) with nitrofluor-
obenzene and made an effort to find the optimal conditions 
for the synthesis of monoaryl derivatives of mono-, di- and 
tetraazamacroheterocycles. The introduction of a single aryl 
fragment into the azamacrocyclic molecules allows the fur-
ther introduction of N-functional substituents. 

Experimental 

The structure of all obtained compounds was determined 
by 1Н and 13С NMR spectroscopy, mass-spectrometry and further 
confirmed by elemental analysis. The 1Н and 13С NMR spectra 
were recorded in CDCl3 on a Bruker DRX-400 instrument with 
an operating frequency of 400.13 MHz using TMS as the internal 
standard, the measurement accuracy was 0.01 ppm for the chemical 
shifts and 0.1 Hz for the coupling constants.

The mass spectra were obtained on an Agilent 1100 Series 
LC/MSD trap interface operated in positive-ion mode. The analyte 
solution was injected directly into the device. The flow rate was 
400 µl/h, the drying gas temperature was 350 ºС and the pressure 
was 10 psi. The nebulizer needle voltage was 4.5-5.5 kV. The 
isotope distribution was calculated using the Molecular Weight 
Calculator software, version 6.73.

Cyclam, cyclen, monoaza-18-crown-6-ether, monoaza-15-
crown-5-ether, diaza-15-crown-5-ether, morpholine, piperidine, 
p-nitrofluorobenzene, potassium carbonate, sodium carbonate, 
sodium hydroxide, Ni-Al alloy (50% Ni w/w), hydrazine hydrate 
and solvents (acetonitrile, chloroform, ethanol) were purchased 

from commercial suppliers (Aldrich, Merck, Ekos-1) and used 
without further purification. 

General procedures for the amination of 1-fluoro-4-
nitrobenzene.

A. A solution of p-nitrofluorobenzene (0.60 mmol) in 
acetonitrile (12 ml) was added to a solution of 0.80 mmol of 
piperidine, morpholine or azacrown ether in acetonitrile (12 ml). 
The reaction mixture was refluxed for 8 h. Then acetonitrile was 
removed on a rotary evaporator, the residue was washed with water 
and extracted with chloroform (3×15 ml). The organic layer was 
separated and evaporated in vacuo. Compounds 1, 2, 6, and 7 were 
thus obtained as pale yellow powders (see Table 1 for the yields).

B. A solution of p-nitrofluorobenzene (0.38 mmol) in 
acetonitrile (7 ml) was added to a stirred solution of 0.38 mmol 
piperidine, morpholine or aza-crown ether in acetonitrile (7 ml) 
in the presence of potassium carbonate (0.4 mmol). The reaction 
mixture was refluxed for 25 h. Acetonitrile was removed on a rotary 
evaporator, the residue was treated with water and the product was 
extracted from the aqueous solution with chloroform (3×15 ml). 
Compounds 1–7 were thus obtained as pale yellow powders (see 
Table 1 for the yields).

A procedure for the preparation of skeletal nickel catalyst.[14]  
In a 250 ml beaker slurry 11.0 g of Ni-Al alloy (50% Ni w/w) was 
prepared in 110 mL of water. Solid KOH was added without any 
external cooling of the mixture. The addition was carried on until 
further portions of KOH caused a visible reaction (about 22-25 g 
total). When the reaction was settled the mixture was maintained at 
ambient temperature for 10-15 min and transferred to a 70 ºС water 
bath for 30 min. Then water was decanted, and the precipitate was 
washed thrice with distilled water followed with a triple wash with 
ethanol. The obtained powder was stored under ethanol.

A general procedure for the reduction of 4-nitro-derivatives of 
N-phenyl azacrown ethers with Raney nickel in ethanolic hydrazine 
hydrate. [14] 100 % Hydrazine hydrate (0.7 ml) was added to a reflux-
ing solution of nitro-derivative (1 mmol) in ethanol (6.0 ml). Then 
skeletal nickel catalyst was added until the next successive portion 
caused a visible reaction. The mixture was maintained at reflux for 
1 h, the catalyst was filtered off and the filtrate was evaporated in 
vacuo (see Table 2 for the yields).

1-(4-Nitrophenyl)piperidine (1), 80 mg (64 %, procedure 1), 56 
mg (84 %, procedure 2), m.p.: 97 ºС (ethanol) (Lit.: 98–100 ºС).[28]

4-(4-Nitrophenyl)morpholine (2), 87 mg (70 %, procedure 
1), 70 mg (88 %, procedure 2), m.p.: 161 ºС (ethanol) (Lit.: 157–
159 ºС).[29] 

13-(4-Nitrophenyl)-1,4,7,10-tetraoxa-13-azacyclopenta- 
decane (3), 67 mg (52 %, procedure 2), m.p.: 126–128 ºС (Lit.: 
125-127 ºС).[30]

16-(4-Nitrophenyl)-1,4,7,10,13-pentaoxa-16-azacycloocta- 
decane (4), 98 mg (67 %, procedure 2), 93 mg (64 %, procedure 2 
with Na2CO3 as the base), m.p.: 85 ºC (acetonitrile) (Lit.:  
83–84 ºС).[27] 

7-(4-Nitrophenyl)-1,4,10-trioxa-7,13-diazacyclopentadecane 
(5), 76 mg (59 %, procedure 2), m.p.: 159–161 ºС. 1H NMR (CDCl3, 
25 ºС) δH ppm: 2.76–2.83 (m, 4Н, H2N(H)); 3.57–3.80 (m, 4Н, 
CН2O and CH2N(R); 6.61 (d, 2Н, Н(2,6), J=9.3 Hz); 8.07 (d, 2Н, 
Н(3,5), J=9.3 Hz). 13С NMR (CDCl3, 25 ºС ) δC ppm: 48.3 (C-10); 
48.5 (C-11); 53.2 (C-7); 53.5 (C-16); 68.3 (C-13); 68.5 (C-15); 70.2 
(C-14); 70.31 (C-8); 71.1 (C-12); 76.7 (C-9); 110.6 (C-6); 110.9 
(C-2); 126.0 (C-5); 126.2(C-3); 137.2 (C-4); 152.7 (C-1). Mass 
spectrum (ESI): calculated m/z=339.4; found m/z=340.5 [MH]+. 
Found, %: С, 56.47; Н, 7.53. C16H25N3O5. Calculated, %: С, 56.62; 
Н, 7.42.

1-(4-Nitrophenyl)-1,4,7,10-tetraazacyclododecane (6). Yield 
148 mg (84 %, procedure 1), 76 mg (68 %, procedure 2). 1H NMR 
(CDCl3, 25 ºC) δH ppm: 2.73 (m, 4Н, Н(9,12)); 2.94 (m, 4Н, 
Н(8,13)); 3.04 (m, 4Н, Н(10,11)); 3.84 (m, 4Н, Н(7,14)); 6.68 (d, 
2Н, Н(2,6), J=9.3 Hz); 8.15 (d, 2Н, Н(3,5), J=9.4 Hz). The spec-
trum corresponds to the literature data.[31]
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1-(4-Nitrophenyl)-1,4,8,11-tetraazacyclotetradecane (7). 
Yield 156 mg (81 %, procedure 1), 89 mg (73 %, procedure 2). 
1H NMR (CDCl3, 25 ºC) δH ppm: 1.90–2.02 (m, 4H, Н(11,16)); 
2.80–2.83 (m, 2Н, Н(13)); 2.94–2.99 (m, 10Н, Н(9,10,12,14,15)); 
3.58 (m, 2Н, Н(17)); 3.66 (m, 2Н, Н(8)); 6.59 (d, 2Н, Н(2,6), J=9.3 
Hz); 8.10 (d, 2Н, Н(3,5), J=9.3 Hz). The spectrum corresponds to 
the literature data.[26]

4-(Piperidin-1-yl)aniline (1a) was obtained according to the 
general reduction procedure (162 mg, 92 %), m.p.: 41 ºС (ethanol) 
(Lit.: 39–40 ºС).[28]

4-Morpholinylaniline (2a) was obtained according to the 
general reduction procedure (169 mg, 95 %), m.p.: 131 ºС (ethanol) 
(Lit.: 128–130 ºС).[28] 

4-(1,4,7,10-Tetraoxa-13-azacyclopentadecan-13-yl)aniline 
(3a) was obtained according to the general reduction procedure 
(270 mg, 87 %), m.p.: 52–53 ºС (diethyl ether) (Lit.: 51–52 ºС).[14] 

4-(1,4,7,10,13-Pentaoxa-16-azacyclooctadecane-16-yl)aniline 
(4a) was obtained according to the general reduction procedure (294 
mg, 83 %), m.p.: 37 ºС (acetonitrile) (Lit.: 36–38 ºС).[32]

Results and Discussion

Amination of p-nitrofluorobenzene was conducted 
in refluxing acetonitrile in the presence of bases – alkaline 
metal carbonates. Morpholine and piperidine were used as 
model compounds in order to determine the regularities of 
the process. Mono-, diazacrown ethers as well as cyclen and 
cyclam were used as crown ether reactants. The yields of 
the crowned products corresponding to the use of potassium 
and sodium carbonate were analyzed to find out whether 
a template effect takes place. The experimental data are 
presented in Table 1.

The data in Table 1 demonstrate sufficiently high yields 
of the products 1-7, so the employed procedure is suitable 
for the synthesis of aryl substituted azacrown ethers with a 
different nitrogen-oxygen ration. 

In the case of the model compounds – piperidine 1 
and morpholine 2, as well as cyclam 6 and cyclen 7, the 
presence of a base does not have any significant influence on 
the amination product yield. On the contrary, no amination 
was observed for the macrocycles bearing both oxygen and 
nitrogen atoms in the absence of a base. Presumably, the 
close neighborhood of oxygen atoms diminishes the basicity 
of the macrocyclic nitrogen to such an extent that amination 
becomes impossible. When carbonates are added, oxygen-

containing macrocycles can coordinate metal cations, 
that promotes the dissociation of the salt and activation of 
carbonate anion as a base. 

Another distinctive feature of the studied reaction is 
monoarylation. Under the described conditions no di- or 
polysubstitution was observed for diazacrown ether, cyclam 
and cyclen.  A two-fold excess of p-nitrofluorobenzene also 
did not afford diaryl derivatives. Obviously, polyarylation 
requires more harsh reaction conditions.

At the example of compounds 1-4 it was demonstrated 
that the nitro-group in the aryl derivatives can be efficiently 
reduced into an amino group. The presence of a functional 
amino group gives the possibility of further modification 
of the compounds in order to obtain various derivatives. 
Proper reaction conditions for the reduction of compounds 
5,6 have currently not been found by us.

Table 2. Yields of compounds 1a-4a in the reduction of 4-nitro-
derivatives of N-phenylazacrown ethers with Raney nickel in 
ethanolic hydrazine hydrate solution. 

Product Reaction time, h Yield, %

1a 1 92
2a 1 95
3a 2 87
4a 2 83

Scheme 1. 

Тable 1. Reaction time and yields for compounds 1-7 for the 
amination reaction of 1-fluoro-4-nitrobenzene, (acetonitrile, at 
78 ºС).

Product Reaction time, 
h

Yield, %
No base K2CO3

1 25 64 84
2 25 70 88
3 25 0 52
4 25 0 67*
5 25 0 59
6 8 84 68
7 8 81 73

*The yield of 4 in the presence of Na2CO3 was 93 mg (64 %).
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Conclusion

The current study presents a simple and efficient 
procedure for the synthesis of aryl substituted azacrown 
ethers of different composition. The procedure has simple 
work-up and affords only monoarylation products. No 
protective groups are required. Compared to metal-catalyzed 
amination no expensive catalysts, inert atmosphere and 
anhydrous conditions are required. 

The synthesis of monoarylation products presents the 
possibility of introduction of other substituents into the 
structure of azacrown compounds. This allows significant 
modification of their properties. For instance, additional 
ligand groups would enhance the complex formation, 
hydrophobic groups would result in the product being 
an efficient agent for extraction of metals into an organic  
phase.
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