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ABSTRACT

2-Polyfluoroalkylchromones react with 1,3,3-trimethyl-3,4-dihydroisoquinolines to give zwitterionic axially chiral 6,7-dihydrobenzo[a]quinolizinium
derivatives in high yields. In addition, performing this reaction with aromatic methylketimines is a simple and convenient synthesis of 2,6-
diaryl-4-polyfluoroalkylpyridines.

Much attention has recently been given to the development
of new methods for synthesis of RF-containing heterocycles,
because they find wide use in various areas of industry,
medicine, and agriculture due to their unique physicochem-
ical and biological properties.1,2 In addition, the introduction
of the RF group substantially affects the electron density
distribution in organic molecules, and as a result some

partially fluorinated substances have become valuable syn-
thons for the construction of novel fluorine-containing
heterocyclic compounds.3

In continuation of our studies on the chemical properties
of 2-polyfluoroalkylchromones,4 which turned out to be

† Ural State University.
‡ Russian Academy of Sciences.
§ Ural Branch of the Russian Academy of Sciences.

(1) (a)Organofluorine Compounds in Medicinal Chemistry and Biomedi-
cal Applications; Filler, R., Kobayashi, Y., Yagupolskii, L. M., Eds.;
Elsevier: Amsterdam, 1993. (b) Welch, J. T.; Eswarakrishnan, S.Fluorine
in Bioorganic Chemistry;Wiley: New York, 1991.

(2) (a) McClinton, M. A.; McClinton, D. A.Tetrahedron1992, 48, 6555.
(b) Lin, P.; Jiang, J.Tetrahedron2000,56, 3635.

ORGANIC
LETTERS

2003
Vol. 5, No. 17
3123-3126

10.1021/ol0351448 CCC: $25.00 © 2003 American Chemical Society
Published on Web 07/30/2003



highly reactive substrates in the reactions with N-,5a,b S-,5c,d

and C-nucleophiles,5e we investigated the reaction of these
compounds with 1,3,3-trimethyl-3,4-dihydroisoquinolines
capable of reacting with electrophilic substrates as C-nucleo-
philes6a,b or 1,3-C,N-dinucleophiles6b-d due to the enamine
tautomeric form.

We have found that 6-nitro-2-polyfluoroalkylchromones
1 react with isoquinolines2 in a THF solution for 4 days at
∼20 °C and afford colored (from orange to dark red)
crystalline products in high yields. On the basis of the data
of elemental analysis and IR and1H NMR spectroscopies,
we ascribed the zwitterionic structure3 to these compounds
(Scheme 1).7 The structure was confirmed by the X-ray
diffraction study of crystals3d.8

According to the X-ray diffraction data, molecule3d, in
its crystalline form, is a zwitterion with intramolecular charge
separation (Figure 1). Due to steric interactions between the

H(18) atom of the nitrophenoxide ring and the hydrogen
atoms of the C(8)H3 methyl group, the nitrophenoxide ring
is not conjugated with the central heterocycle. The planes
of these cycles are turned relative to each other by 67.8(5)°,
and the C(2)-C(17) bond length of 1.488(6) Å corresponds
to the normal nonconjugated Csp2-Car bond (1.488 Å),9
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Scheme 1

Figure 1. Molecular structure of3d (solvate with THF and H2O
molecules).
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indicating that the electron density is not delocalized along
the bond between the cycles considered. A comparison of
the geometric parameters of thep-nitrophenoxide fragment
in structure 3d with the published data on sevenp-
nitrophenoxide-containing organic salts found by us in CCDC
(Table 1, see Supporting Information) shows that their
geometries are comparable, but the resonancep-quinoid
structure3′ contributes more significantly to the zwitterionic
nature of molecule3d. Thus, compounds3 might exist as
atropisomers due to restricted rotation about the C(2)-C(17)
bond. Note that atropisomeric compounds are of considerable
interest due to their presence in a number of biologically
active natural products and their utility as directing groups
in asymmetric synthesis.10

The chirality and the zwitterionic structure proposed for
compounds3a-i agree well with the1H NMR spectroscopic
data. The protons of the CH2 group are diastereotopic and
appear as doublets atδ 2.85-2.97 and 3.33-3.44 ppm with
2JAX ) 16.4-16.5 Hz. In the phenoxide fragment of
zwitterions3, the H(6′) proton is shielded by∼0.5 ppm, and
the ortho and meta constants were increased by 0.4-0.5 Hz
compared to those in phenols4; in the pyridinium ring the
H(1) and H(3) protons appear as doublets withmJ ) 1.8-
2.2 Hz, whereas in the pyridine ring they appear as singlets.

Most likely, the reaction includes the nucleophilic attack
of the enamine tautomer of dihydroisoquinoline2 to C(2)
atom of 2-RF-chromone1 followed by the pyrone cycle
opening and intramolecular cyclization at the keto group
(Scheme 1). Note that the reaction is typical only for 6-nitro-
2-polyfluoroalkylchromones and does not occur when the
RF group is replaced by the methyl or trichloromethyl group.
It is likely that a balance occurs between steric and electronic
effects.

On heating compound3a to melting or on refluxing3a in
butanol for 4 h, N-C(6) bond cleavage occurs to a afford a
mixture of isomeric 2,6-diarylpyridines shown as4aand4a′
(yield 80%). Steric hindrance in3a may provide a driving
force for cleavage of the N-C(6) bond. This result clearly
shows that the present methodology could be applicable to
2-polyfluoroalkylchromones and aromatic N-substituted me-
thylketimines, providing the corresponding 2,6-diaryl-4-
polyfluoroalkylpyridines.

Indeed, using this reaction, we were able to obtain 2-(2-
hydroxyphenyl)-6-(2-methoxyphenyl)-4-(trifluoromethyl)py-
ridine (5) in 41% yield from readily available 2-trifluoro-
methylchromone4 and methylketimine, prepared from 2-meth-
oxyacetophenone with isopropylamine (boiling in butanol
for 4 h). Taking into account the results of the reaction of1
with 2, we can propose that the first step involves the

formation of the zwitterionic intermediate, bearing an iso-
propyl group at the nitrogen atom, followed by elimination
of propylene. Demethylation of5 to 2,6-bis(2-hydroxyphe-
nyl)-4-(trifluoromethyl)pyridine (6) can be achieved by
heating with 48% hydrobromic acid at 200°C in a sealed
tube for 10 h (yield 85%)11 (Scheme 2). Although much

attention has been paid to the chemistry of the CF3-containing
pyridine derivatives,12 these compounds were not described
in the literature and were unavailable by the known 2,6-
diarylpyridines syntheses.12d-f At the same time, pyridines
5 and6 due to theortho-OH group are of great interest as
analytical reagents13 and organic electroluminescence sub-
stances.14

The present method could be applicable to the 6-substituted
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propanamines to afford the corresponding analogues of
pyridine 5 in good to moderate yields. Notably, the nitro
group that appears to be so important in the reaction of1
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with 2 is not necessary for the ketimine examples. Further
studies on the regioselective synthesis of polyfluoroalkylated
2,6-disubstituted pyridines are now in progress.

In conclusion, we have presented zwitterionic 6,7-dihy-
drobenzo[a]quinolizinium derivatives with axial chirality
because of hindered rotation about the C(2)-C(17) bond,
which are easily available from 2-polyfluoroalkylchromones
and 1,3,3-trimethyl-3,4-dihydroisoquinolines. On the other
hand, this reaction with aromatic methylketimines is a simple
and convenient synthesis of 2,6-diaryl-4-polyfluoroalkylpy-
ridines with potential use in the preparation of complexes
with various metals useful as electroluminescence materials.14
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