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Abstract

The conditions of selective mono- and diarylation of diamines, and di- and triarylation of triamines by perfluo-
roarenes are described. The introduction of four perfluoroaryl groups in cyclam and two groups in dioxocyclam
has been carried out. © 2000 Elsevier Science Ltd. All rights reserved.
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In previous papers we have studied the arylation of polyamines by nonactivated aryl halides catalysed
by palladium complexes.1,2 Moreover, many researches have been devoted to the study of the perfluory-
lation of amines.3 Herein we report on the selective arylation of polyamines including cyclic polyamines
by activated aryl halides.

The reactions of perfluoroarenes with polyamines are not known, the only exception being the
monoarylation of 1,2-diaminoethane by hexafluorobenzene4 and 4-azidoperfluoropyridine.5 Meanwhile,
fluoroarylamines are an important class of biologically active compounds.6

We have studied the reactions of 1,2-diaminoethane, 1,3-diaminopropane,N-(3-aminopropyl)-
1,3-diaminopropane, 1,4,8,11-tetraazacyclotetradecane (cyclam), 1,4,8,11-tetraazacyclotetradecane-
5,12-dione (dioxocyclam) with perfluoropyridine, perfluorobenzene and perfluorotoluene. Thus, we
determined the conditions for selective introduction of one or two aryl groups in diamines, two or three
aryl groups in triamines and four groups in cyclam, and two groups in its dioxo derivative(Table 1).7

The reactions with both perfluoropyridine and perfluorotoluene proceed selectively at theparaposition.
Monoarylation of 1,3-diaminopropane was performed in THF at 0°C for C5F5N and C6F5CF3 or in

DMF at 100°C in the case of the less active C6F6 (entries 1–3 in Table 1) using an amine:arene ratio
of 2:1 because the amine served also as a base. All products were obtained in high yields. The only
exception was the monoarylation by hexafluorobenzene (entry 1 in Table 1). Due to its lower reactivity,
the reaction required prolonged heating and as a result of competing processes double arylation and
cyclisation occured.
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Table 1
Reaction conditions and yields

Heating the reaction mixture up to 70–80°C for C6F5CF3, up to 90–100°C for C6F6 and up to 20°C
for C5F5N led to disubstituted products (entries 4, 6–9 in Table 1). Moreover, the yield in DMF is higher
than in THF (entries 6 and 7 in Table 1).

(1)
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Diarylation of a triamine by perfluoropyridine at both primary amino end groups proceeded easily at
room temperature in THF (entry 10 in Table 1). Further heating of the reaction mixture in the presence
of Et3N as a base gave the trisubstituted product (entry 11 in Table 1).

(2)

The reaction of cyclam with perfluoropyridine in DMF at 90–100°C in the presence of Et3N (entry 12
in Table 1) gave the tetraarylated product in quantitative yield.

(3)

The same reaction carried out with 5,12-dioxocyclam instead of cyclam led to the 1,8-disubstituted
compound since the carbonyl groups can be easily reduced,8 reaction 4 represents a new approach to
obtain 1,8-diarylated cyclam.

(4)

All compounds were isolated in high yield and characterised by elemental analysis and1H, 19F NMR
spectroscopy.
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7. Typical experimental procedures: (a) Diarylation of diamines. A solution made of 0.120 g (4 mmol) of 1,2-diaminoethane

in 1 ml THF was added to 0.68 g (4 mmol) of C5F5N in 5 ml THF. The mixture was stirred for 0.5 h, before the THF was
evaporated in vacuum. The residue was treated with water, filtrated and recrystallised from hexane:benzene (1:1). The yield of
N,N0-bis(4-tetrafluoropyridil)-1,2-diaminoethane was 0.62 g (86%). M.p. 170°C. (b) Monoarylation of diamines. A solution
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of 0.83 g (3.5 mmol) of perfluorotoluene in 7 ml THF was slowly added dropwise to the solution of 0.510 g (7 mmol) 1,3-
diaminopropane in 20 ml THF at 0°C. After 0.5 h of stirring, THF was removed and the residue was stirred with water for 0.5
h. The product was extracted with ether and the etheral extract was dried over MgSO4. After evaporation of the solvent, 0.930
g (91%) of [3-(4-perfluorotolylamino)propyl]amine was isolated. M.p. 40°C (low temperature crystallisation from hexane).
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