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Novel fluorine-containing 1,10-phenanthrolines having dialkyl-, alkyl, and arylaminomethyl substitu-
ents at the 3-position were easily synthesized in moderate yields by the pyridine-ring formation reaction
of N-propargyl-5,7-bis(trifluoroacetyl)-8-quinolylamine with various amines. Unexpectedly, the reactive
intermediates 1,4-dihydro-1,10-phenanthrolin-4-ols were isolated for the first time in the reactions with
dialkylamines.

� 2008 Elsevier Ltd. All rights reserved.
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In recent years, considerable attention has been paid to the
development of new methodologies for the synthesis of many
kinds of fluorine-containing heterocycles, since these compounds
are now widely recognized as important organic materials showing
interesting biological activities for their potential use in medicinal
and agricultural scientific fields.1

1,10-Phenanthroline and the related derivatives2 have attracted
much attention for their various biological activities, such as anti-
bacterial,3a,c antifungal,3a and antitumor3b,d activities. They are also
important heterocyclic systems because of being applicable to che-
lating ligands forming stable complexes with transition metals.4 In
particular, some of these complexes have been used as useful novel
catalysts in phase-transfer5 and asymmetric6 reactions, and they
are also potential DNA binding agents,7,3d which can be expected
to be developed as novel probes of nucleic acid structure and
function.

Previously, we had reported that N,N-dimethyl-2,4- bis(trifluo-
roacetyl)-1-naphthylamine 18 and N,N-dimethyl- 5,7-bis(trifluoro-
acetyl)-8-quinolylamine 29 react easily with various amines, thiols,
ll rights reserved.
and alcohols under mild conditions to afford the corresponding N–
N, N–S, and N–O exchanged products 3 and 4 in excellent yields
(Scheme 1). Moreover we succeeded in applying this type of aro-
matic nucleophilic substitution to the simple syntheses of various
CF3-containing heterocycles that are having a naphthalene10 and a
quinoline11 skeletons.

In continuation of these studies, it was found that N-propar-
gyl-2,4-bis(trifluoroacetyl)-1-naphthylamine 5, prepared by N–N
exchange reaction of 1 with propargylamine, undergoes novel pyr-
idine-ring formation reaction with various nucleophiles to give
the corresponding fluorine-containing benzo[h]quinolines 6 in
excellent yields (Scheme 2).12
1: X=CH
2: X=N

3: X=CH
4: X=N

Scheme 1.
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Herein, we report a facile synthetic method for novel fluorine-
containing 1,10-phenanthrolines 9 by the pyridine-ring formation
reaction of N-propargyl-5,7-bis(trifluoroacetyl)-8-quinolylamine 7
with amines and the isolation of the reactive intermediates 1,4-
dihydro-1,10-phenanthrolin-4-ols, 8a–c. To the best of our knowl-
edge, this is the first example of the isolation of 1,4-dihydro-1,10-
phenanthrolin-4-ols as the precursor of 1,10-phenanthrolines.

The requisite starting material 7 was quantitatively prepared by
the aromatic nucleophilic N–N exchange reaction of 2 with
propargylamine.9

We first examined the reaction of 7 with secondary amines
(Scheme 3), and the results are summarized in Table 1. The cycli-
zation of 7 with dimethylamine proceeded rapidly at room tem-
perature in CH3CN to give the unexpected intermediate, 1,4-
dihydro-1,10-phenanthrolin-4-ol 8a, in an almost quantitative
yield without dehydration (entry 1; in the first step).13 Secondary
amines such as diethylamine and piperidine also reacted cleanly
to provide dihydrophenanthrolinols 8b and 8c quantitatively
(entries 2 and 3). Treatment of dihydrophenanthrolinols 8a–c with
trifluoroacetic acid (TFA) caused dehydration to furnish the corre-
sponding phenanthrolines 9a–c in 60–63% yields (entries 1–3; in
the second step).14 The dehydration of piperidino derivative 8c
was carried out under mild conditions (with 1 equiv of TFA at room
temperature in CHCl3). However, forced reaction conditions (in
refluxing TFA) were required for dimethyl- and diethylamino
derivatives 8a and 8b. The reason is not clear at this stage. Interest-
ingly, the 6-trifluoroacetyl group of prepared 1,10-phenanthrolines
9 was found to exist in hydrate form, and this phenomenon was
not observed in the case of benzo[h]quinolines 6.
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Table 1
Synthesis of 1,10-phenanthrolines 9 by the reaction of 7 with amines

Entry 1st step

R1R2NH Time (h) Product Yield (%) TFA (equ

1 Me2NHa 2 8a 98 54
2 Et2NH 2 8b 100 54
3 Piperidine 1 8c 100 1
4 t-BuNH2 4 — — 5
5d 4-MeOC6H4NH2 4 — — 5
6d 4-ClC6H4NH2 4 — — 5

a Aqueous solution (50%) of dimethylamine was used.
b Isolated yields based on 8.
c Isolated yields based on 7.
d Triethylamine (0.5 equiv) was added.
In contrast, when the reaction with bulky primary amine such
as t-butylamine was performed under mild conditions (at room
temperature for 4 h), a mixture of dihydrophenanthrolinol 8d
and phenanthroline 9d was obtained, and separation of the mix-
ture was unsuccessful. Therefore, we performed the two-step reac-
tion in a one-pot manner to obtain selectively the final target
product 9d. After stirring the solution of a mixture of 7 and t-butyl-
amine in CH3CN for 4 h at room temperature, TFA (5 equiv) was
added to the reaction mixture, and then it was further stirred for
5 min at the same temperature to afford 9d in 58% yield (entry
4). In a similar one-pot manner, aromatic primary amines, for
example, p-anisidine and p-chloroaniline, reacted in the presence
of triethylamine as a base to give the desired 1,10-phenanthrolines
9e and 9f in moderate yields (entries 5 and 6).15 Unfortunately, the
reactions with less bulky aliphatic primary amines such as
methyl-, ethyl-, and i-propylamines furnished a complex mixture
of the corresponding N–N exchanged 8-quinolylamine derivatives
4 (Nu: MeNH, EtNH and i-PrNH) and decomposed products.

A possible mechanistic pathway for the formation of 1,10-phen-
anthrolines is depicted in Scheme 4. Both the addition of amines to
the terminal acetylenic carbon and the attack of carbonyl carbon
onto the internal acetylenic carbon occur concertedly to give the
cyclization product 80 having exo-methylene moiety. The subse-
quent 1,3-shift of allylic hydrogen in 80 takes place to afford the
intermediates, 1,4-dihydro-1,10-phenanthrolin-4-ols 8, which un-
dergo dehydration to give 1,10-phenanthrolines 9. More studies
are underway to elucidate clearly the mechanism.

The structures of all new compounds (8 and 9) were easily
determined on the basis of their 1H NMR and IR spectra, together
with elemental analyses. For example, in 1H NMR spectrum of
8a, two adjacent protons (amine and olefin protons) at 1- and 2-
positions appeared at 8.88 and 6.72 ppm as doublets with coupling
constant J = 4.0 Hz. When the H–D exchange of the amine proton
(H-1) was carried out, the multiplicity of olefin proton (H-2) signal
was changed to singlet. The data clearly show that the structure of
the isolated intermediate is not 80 but 8.

It is noteworthy that we first succeeded in the isolation of the
intermediates 8a–c, which are the precursors of stable-aromatized
final products, 1,10-phenanthrolines 9a–c, and which seem to be
OH
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unstable. This is a great difference in reactivity between the 8-
quinoline system 7 and the naphthalene one 5, as in the naphtha-
lene system this type of intermediate, for example, 10 was not iso-
lated and also not detected (Fig. 1).12 Probably, it is thought that in
8a–c, the additional hydrogen bond between H-1 and N-10, which
cannot exist in the naphthalene system 10, has contributed to the
stability of 8a–c, namely, has interrupted the dehydration accom-
panied by aromatization. We attempted the NMR experiment,
where 8a was solved in DMSO-d6 as a solvent to disfavor the
hydrogen bond between H-1 and N-10, allowed to stand at 33 �C,
and the reaction progress was monitored by 1H NMR. It was found
that 8a is gradually converted to 9a under the above-described
conditions as follows: conversion/standing time; 38%/3 days;
100%/7 days. It is thought that this result supports our speculation
on stabilization of the intermediates 8a–c by the intramolecular
hydrogen bond.

In summary, we have demonstrated a simple and efficient ac-
cess to CF3-containing 1,10-phenanthrolines 9, which are not easily
obtained by other methods, via the pyridine-ring formation reac-
tion of N-propargyl-8-quinolylamine derivative 7 with amines.
Moreover, we succeeded in the isolation of the intermediates,
1,4-dihydro-1,10-phenanthrolin-4-ols 8a–c. Our literature search
did not reveal any previous reports on the isolation of 1,4-dihy-
dro-1,10-phenanthrolin-4-ols.
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