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The unexpected results of the cyclization reactions of N,N -bis(oxotrifluoroalkenyl)-1,3-phenylenediam-
ines [1,3-C6H4-(NHCR@CHC(O)CF3)2], where R = H, Me, and Ph, in a strongly acidic medium (PPA), allow-
ing the synthesis of new trifluoromethylated heterocycles containing the 1,7-phenanthroline nucleus in
32–40% yields and 7-aminoquinolines (38–40% yields), is reported. The bis-enaminoketone intermediates
were easily isolated from the reactions of 4-alkoxy-4-alkyl(aryl)-1,1,1-trifluoroalk-3-en-2-ones with 1,3-
phenylenediamine in ethanol under mild conditions (68–86% yields).

� 2010 Elsevier Ltd. All rights reserved.
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Phenanthrolines have been prepared from aminoquinolines1 or
phenylenediamines.2 From a synthetic point of view, those ob-
tained from phenylenediamines are of particular advantage since
both rings can be constructed simultaneously.2 In addition, it has
been observed that the replacement of a hydrogen or halogen atom
or of an amino, alkoxy, or alkyl group by a CF3 group can modulate
the physical, chemical, and biological properties.3 The attachment
of a trifluoromethyl entity to a carbon skeleton can be accom-
plished in several ways.3,4 One the most satisfactory methods of
introducing a CF3 group into heterocycles is via the trifluoromethy-
lated building block approach.5–11

Similarly, enaminones like 2 are versatile readily obtainable re-
agents and their chemistry has received considerable attention in
recent years.12–18 These enamino-carbonyl compounds represent
versatile synthetic precursors that combine the ambident nucleo-
philicity of enamines with the ambident electrophilicity of enones
presenting three nucleophilic and two electrophilic sites.

Herein, we present a general method for the synthesis of
enaminones 2a–c from the reaction of enones 1a–c with 1,3-phenyl-
enediamine (Scheme 1), as well as a new application of the method
previously described by us for the preparation of some trifluoro-
methyl-substituted benzo[h]quinolines,13 dihydrobenzo[c]acri-
dines,14 cycloalka[b]quinolines,15 and 1,2,3,4-tetrahydroacridi-
nes,16 now applied successfully in the synthesis of bis-trifluorome-
thylated 1,7-phenanthrolines (3a–c) and 7-aminoquinolines
(4b–c). We also report two interesting intramolecular cyclization
routes when enaminones 2a–c were heated in polyphosphoric acid
medium.

Scheme 1 outlines the synthesis of a new series of three
trifluoromethylated 1,3-phenylene-bis-enaminone intermediates
(2a–c) isolated in satisfactory yield (68–86%) from the reaction of
ll rights reserved.
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orso).
4-alkoxy-4-alkyl(aryl)-1,1,1-trifluoroalk-3-en-2-ones (1a–c) with
1,3-phenylenediamine in a molar ratio of 2:1, respectively, when
the reactions were carried out in ethanol at 40 �C for 2 h.26

4-Alkoxy-4-alkyl(aryl)-1,1,1-trifluoroalk-3-en-2-ones (1a–c)
are readily available CCC synthetic blocks and were prepared from
trifluoroacetylation reactions of enol ethers commercially available
(for 1a–b) or generated in situ from the respective acetophenone
dimethyl acetal (for 1c) with trifluoroacetic anhydride, respec-
tively, in the presence of pyridine, as described in the literature.19

The structures of compounds 2a–c were easily established on
the basis of 1H and 13C NMR spectroscopy.27 In order to obtain
structural information about the configuration of the compounds
2a–c we have performed an 1H NMR study on N,N0-bis(3-oxo-
4,4,4-trifluorobut-1-en-1-yl)-1,3-phenylenediamine (2a). The 1H
NMR spectrum of 2a in CDCl3 showed a cis coupling constant for
the vicinal olefin protons with J �8 Hz, which is consistent with
a Z-configuration as the E- and Z-forms can be easily distinguished
by their 1H NMR spectra because the N–H signals of the E-form (in
4– 8 ppm) appear at a much higher field than those of the Z-form
(in 9–13 ppm), indicating the presence of an intramolecular hydro-
gen bonding in the latter.20 The 1H NMR chemical shift of the
 R     H   Me   Ph

Scheme 1. Reagents and conditions: (i) = m-(NH2)2C6H4 (0.5 equiv), ethanol, 40 �C,
2 h (68–86%).
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enamino hydrogens (NH) for 2a–c were observed on average at
12.18 ppm, allowing one to assume that the enaminones 2a–c exist
in the Z,Z-configuration in CDCl3, which is stabilized by an intra-
molecular hydrogen bond (N–H� � �O@C) in each enaminone moiety.

In a second reaction step, the acyclic compounds 2a–c were
subjected to reactions carried out in the presence of a strongly
acidic medium (polyphosphoric acid, PPA), in the absence of sol-
vent. For all reactions, initially, PPA (P2O5 + H3PO4) was prepared
at 90 �C and the compounds 2a–c were added to the acid mixture.
The cyclization of 2a–c showed that the best results were at 165 �C
for 36 h, affording the corresponding angular new series of bis-tri-
fluoromethyl-substituted 1,7-phenanthrolines (3a–c) in 32–40%
yields and 7-aminoquinolines (4b–c) in 38–40% yields (Schemes
2 and 3).28

The structures of 3a–c were established on the basis of 1H, 13C
NMR spectroscopy29 and the literature data for similar com-
pounds.13–16,21 According to the results of the presented synthesis,
we found two different mechanisms involved to obtain the phen-
anthrolines 3a–c.

The structure pattern of the compound 3a is different from that
of 3b–c,29 although obtained under similar reaction conditions. For
the 2,8-bis-trifluoromethyl-1,7-phenanthroline (3a) the two CF3

groups occupy the nitrogen-adjacent positions, suggesting the
occurrence of two retro 1,4-cyclocondensations (hydrolysis and
recombination) at the same molecule 2a during the closure of
the two pyridine rings and following a mechanism already de-
scribed in the literature for a single cyclocondensation reaction,
which allowed the isolation of 2-trifluoromethyl-substituted quin-
olines12,17,18,21–24 and benzo[h]quinolines.23,24

Gerus12 employed the b-ethoxyvinyl trifluoromethyl ketone 1a
in reaction with aniline to promote the synthesis of the respective
quinoline, obtaining the 2-(trifluoromethyl) quinoline isomer, in
30% yield, as the only product by heating the respective enaminone
in acidic medium (PPA).

Linderman and Kirollos21 reported the synthesis of 2-CF3-
substituted quinolines and assigned the chemical shift for the CF3

group of the 13C NMR spectra as quartets at d 122.3 ppm (CF3,
1JCF = 275 Hz) and at d 148.5 ppm (C2, 2JCF = 34 Hz). In the same
Letter, another intramolecular cyclization route was also described,
which allowed the synthesis of the 4-(trifluoromethyl)quinoline
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Scheme 2. Reagents and conditions: (i) = PPA, 165 �C, 36 h (32%).
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Scheme 3. Reagents and condit
isomer. With the synthesis of 4-CF3 quinolines, they reported the
13C NMR spectral data and assigned the chemical shift for the CF3

group for this regioisomer as quartets at d 124.2 ppm (CF3,
1JCF = 275 Hz) and d 134.8 ppm (C4, 2JCF = 31 Hz), respectively. In
some cases, as described by the same authors, the reactions
resulted in mixtures of 2- and 4-CF3 quinolines.

Schlosser et al.17,18 have investigated in details the synthesis of
2- and 4-(trifluoromethyl)quinolines and quinolinones and deter-
mined that some perfluoroalkyl-substituted 3-aminoenones when
heated in the presence of phosphoryl chloride cleaved hydrolyti-
cally setting free the substituted anilines and the 1,3-dicarbonyl
compounds. A proved recombination of these subunits furnished
unexpected 2-(CF2)nCF3-quinolines. We think that the mechanism
suggested by Schlosser may also explain the unexpected findings
of our work.

Surprisingly, these two cyclization routes that so far have only
been observed separately in some molecules12,17,18,21,22,24 here oc-
curred for the symmetrical enaminones 2b–c (R – H) without any
isomeric mixture, but also with the isolation of 7-aminoquinolines
4b–c (Scheme 3).

From the analysis of NMR data we observed that one ring clo-
sure occurred by a 1,2-cyclocondensation reaction, while the other
occurred by a retro 1,4-cyclocondensation. Thus, one CF3 group is
attached at the nitrogen-remote position (4-CF3) and in the second
ring the CF3 group is occupying the nitrogen-adjacent position (8-
CF3). These two different mechanisms are involved in the synthesis
of a series of 4,8-bis(trifluoromethyl)-1,7-phenanthrolines (3b–c).
Compounds 3 were separated from the reaction mixture by a sub-
limation process during the heating of the pure enaminone precur-
sors 2b–c, in PPA medium.

The 2-alkyl(aryl/heteroaryl)-7-amino-4-(trifluoromethyl) quin-
olines (4b–c) were obtained in 38–40% yields, as by-products, from
the reported cyclization reactions and were isolated by recrystalli-
zation after the work-up of residual reaction mixtures according to
the procedure described.28 The isolation of 4b–c suggests also that
a hydrolysis reaction occurred in 2b–c, and the expected recombi-
nation of the precursors to allow the synthesis of 3b–c, due to the
high reaction temperature, did not occur totally and probably be-
cause the dicarbonyl compounds evaporated from the hot reaction
mixtures.

The structures of 4b–c were established on the basis of 1H and
13C NMR spectroscopy30 and the literature data for similar
compounds.21,22,24,25 It is interesting that according to the results
observed for cyclization of N,N0-bis[3-oxo-4,4,4-trifluorobut-1-en-
1-yl]-1,3-phenylenediamine (2a) in PPA the respective 7-amino-
4-(trifluoromethyl)quinoline (4a) or any other quinoline analog
was not isolated or observed by NMR experiments.

The possible formation of the 2,10-bis(trifluoromethyl)-1,7-
phenanthroline isomer was also excluded because the 5-amino-
4-(trifluoromethyl)quinolines were not detected in the cyclization
reactions from 2b–c. The possible formation of the 4,10-bis(trifluo-
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romethyl)-1,7-phenanthroline isomer was also excluded because
the CF-coupling should be present on the NMR spectra as one quar-
tet signal for the CF3 group and two identical quartets for C-4 and
C-10 in the narrow range of d147–150 ppm and no quartet signals
should be expected in the region of d 134–135 ppm.

On the other hand, the cyclization reactions of the enaminones
2 by heating in acidic medium (PPA) could result in the synthesis of
the linear bis-trifluoromethyl pyrido[g]quinolines (5), as reported
in the literature (Scheme 3).23 However, the NMR spectrum should
show four singlets for H-3, H-5, H-7, and H-10, which were not
observed, thus excluding the formation of a linear isomer (pyr-
ido[g]quinoline). In our case, all spectroscopic data were consistent
with the angular proposed structures for phenanthrolines 3a–c,
which are preferably obtained according to the literature.2

Depending on the structure of the N,N0-bis(oxotrifluoroalkenyl)-
1,3-phenylenediamines (2), 2,8-bis-(trifluoromethyl)-1,7-phenan-
throline or a mixture of separable 4,8-bis-(trifluoromethyl)-1,
7-phenanthrolines and 4-(trifluoromethyl)-7-aminoquinolines
was obtained. The initial results reported here showed an interest-
ing chemical behavior for the mechanism of cyclization of these
new enamino ketones 2, showing selective routes of ring closure
including direct cyclocondensations, hydrolyses, and recombina-
tions, which furnished new fused bis-(trifluoromethyl)-diaz-
atricycles.

Unless otherwise indicated all common reagents and solvents
were used as obtained from commercial suppliers without further
purification. The melting points were determined using Kofler
Reichert-Thermovar and Electrothermal Mel-Temp 3.0 apparatus.
1H, 13C, and 19F NMR spectra were acquired on a Bruker DPX 200
spectrometer (1H at 200.13 MHz) and Bruker DPX 400 (1H at
400.13 MHz, 13C at 100.32 MHz, and 19F at 376.3 MHz) spectrome-
ter, 5 mm sample tubes, 298 K, digital resolution ±0.01 ppm, in
CDCl3 for 1, 2, 3a–c and in DMSO-d6 for 4b–c, using TMS as internal
reference (1H and 13C) or fluorobenzene as external reference (19F).
Mass spectra were registered in a HP 6890 GC connected to a HP
5973 MSD and interfaced by a Pentium PC. The GC was equipped
with a split–splitless injector, autosampler, cross-linked HP-5 cap-
illary column (30 m, 0.32 mm of internal diameter), and helium
was used as the carrier gas. The CHN elemental analyses were per-
formed on a Perkin–Elmer 2400 CHN elemental analyzer (São Pau-
lo University, USP/Brazil).
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(2 mL) and P2O5 (3 g) (PPA) at 90�, 2a–c (2 mmol) were added. Using a 10 cm
length glass adapter connecting the reaction flask and the condenser, the
mixture was stirred for 36 h at 165 �C. After this time, the sublimated products
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30. Compounds 4b–c were characterized by 1H and 13C NMR. Spectral data of
compound 4b: 1H NMR (200 MHz, CDCl3): d = 7.87 (dq, J1 = 2, J2 = 9 Hz, 1H, H-
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5), 7.30 (s, 1H, H-3), 7.21 (d, J = 2 Hz, 1H, H-8), 7.02 (dd, J1 = 2, J2 = 9 Hz, 1H, H-
6), 4.18 (s, 2H, NH), 2.72 (s, 3H, 2 CH3). 13C NMR (100 MHz, DMSO-d6):
d = 158.1 (C-2), 150.7 (C-8a), 150.6 (C-7), 132.2 (q, 2J = 30 Hz, C-4), 123.6 (C-5),
119.5 (C-6), 118.3 (q, 1J = 275 Hz, CF3), 113.5 (q, 3J = 5 Hz, C-3), 112.2 (C-4a),
106.8 (C-8), 24.7 (CH3). 19F NMR (376 MHz, CDCl3): d = �61.25 (CF3-4). GC–MS
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Anal. Calcd for C11H9F3N2 (226.07): C, 58.41; H, 4.01; N, 12.38. Found: C, 58.04;
H, 4.01; N, 12.01. Melting points and yields of new compounds 4: Compound
[mp (�C), yield (%)]: 4b [174–176, 40]; 4c [139–141 �C, 38].
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