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Letters
Regioselective synthesis of fluoroalkyl pyridine derivatives
from 3-fluoroalkyl substituted 2-aza-1,3-butadienes
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Abstract—A method for the preparation of 3-fluoroalkyl substituted 2-aza-butadienes by aza-Wittig reaction of N-vinylic phos-
phazenes and aldehydes is reported. [4+2] Cycloaddition reaction with enamines affords fluoralkyl substituted pyridine derivatives in
a regioselective fashion.
� 2004 Elsevier Ltd. All rights reserved.
Functionalized 2-azabutadiene systems have proved to
be efficient key intermediates in organic synthesis for the
preparation of heterocycles,1;2 although the great
majority of 2-azadienes studied are substituted with
electron-donating groups and they are excellent reagents
in normal Diels–Alder reactions with electron-poor
dienophiles.1–3

In the field of bioactive molecules, fluoroorganic com-
pounds have received a great deal of attention. There-
fore, the development of efficient and mild methods for
organofluorine compound synthesis represents a broad
area in organic chemistry since the incorporation of a
fluorine-containing group into an organic molecule
dramatically alters its physical, chemical and biological
properties.4 Among them, special interest has been
focused on developing synthetic methods for the prep-
aration of fluorinated building blocks since they are
used for the efficient and/or selective preparation of
fluorine-containing molecules with biological activity
and commercial applications.5 Direct fluorination is the
most simple way to prepare fluorinated heterocyclic
compounds,6 but usually the use of fluorinated precur-
sors has been of more interest due to the easy formation
of the products and the regioselectivity of the fluorine
substituents on the heterocyclic ring.7
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Fluoroalkyl substituted 2-aza-1,3-butadienes, despite
their potential interest as synthons in organic synthesis
for the construction of more complex fluoro-containing
acyclic and cyclic compounds have not received much
attention, probably owing to the lack of general meth-
ods of synthesis of these compounds. As far as we know,
only examples of synthesis of 4-alkoxy-1,4-disilyloxy-1-
trifluoromethyl-,8a 1,2-bis-(trifluoromethyl)-,8b 4,4-di-
fluoro- and 3-trifluoromethyl-2-aza-1,3-butadienes8c

have been reported and only reactions of 4-alkoxy-1,4-
disilyloxy-1-trifluoromethyl-2-aza-1,3-butadienes with
carbonyl compounds9a and 1,2-bis-(trifluoromethyl-2-
aza-1,3-butadiene) with bromide, amines, mercaptans,9b

diazomethane9c and phosphines9d have been described.

In this context, we have described the synthesis of
electron-poor 2-aza-1,3-butadienes derived from
aminophosphorus derivatives,10 b-amino esters11 and of
neutral azadienes12 as well as their use in the preparation
of nitrogen heterocyclic compounds.10–12 As a continu-
ation of our work in the design of new building blocks
and owing to the increasing importance of fluorine-
containing heterocycles in biology, pharmacology and
industrial applications,4;5 we report herein an easy and
versatile method for the synthesis of fluoroalkyl substi-
tuted 2-azadienes 6 involving aza-Wittig reaction13 of N-
vinylic phosphazenes 4 and 9 with aldehydes 5 and the
use of these substrates as starting materials for con-
struction of fluoroalkyl functionalized heterocycles.
(Scheme 1).

Required fluoroalkyl substituted N-vinylic phosphaz-
enes 4 were prepared by reaction of phosphorus ylides
and perfluoroalkyl nitriles. Gaseous nitrile (CF3CN)14
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was freshly generated and bubbled to the solution of
phosphorus ylide 1 (R¼R1 ¼Ph), generated in situ
from the corresponding benzyltriphenyl phosphonium
salt and methyl lithium to give conjugated phosphazene
4a (RF ¼CF3, R

1 ¼Ph). In a similar way, C7F15CN was
added to a solution of phosphorus ylide 1 for the syn-
thesis of phosphazene 4b (RF ¼C7F15, R1 ¼Ph),
(Scheme 1, Table 1, entries 1 and 2). Phosphazenes 4
derived from triphenylphosphine (R¼R1 ¼Ph) were
isolated as E isomers and were characterized on the
basis of their spectroscopic data.15 Formation of con-
jugated phosphazenes 4 can be explained through [2+2]
cycloaddition of phosphorus ylide 1 and nitrile 2 fol-
lowed by ring opening of the unstable four-membered
cyclic compound 3.12b;16

The aza-Wittig reaction of fluoroalkyl N-vinylic phos-
phazenes 4a,b with ethyl glyoxalate 5 (R2 ¼CO2Et) in
CHCl3 gave fluoroalkyl 2-azadienes 6a,b (Scheme 1). The
reaction conditions and the yields of the products are
summarized in Table 1 (entries 4 and 5). 2-Azadienes 6a
and 6b were unstable to distillation or chromatography
Table 1. Obtained compounds

Entry Compound RF R R1 R2 R

1 4a CF3 Ph Ph –– ––

2 4b C7F15 Ph Ph –– ––

3 4c CF3 Ph CN –– ––

4 6a CF3 –– Ph CO2Et ––

5 6b C7F15 –– Ph CO2Et ––

6 6c CF3 –– CN NO2 ––

7 9 CF3 Me CN –– ––

8 11 CF3 –– Ph –CO2Et

9 12 CF3 –– CN NO2

10 13 CF3 –– CN NO2

11 14a CF3 –– Ph –CO2Et H

12 14b C7F15 –– Ph –CO2Et H

aYield of isolated compounds.
bObtained as a mixture 70:30 of E:Z isomers.
cNot isolated, used in situ for next reaction.
d Proportion 12/13: 50/50 obtained from azadiene 6c.
e Obtained by oxidation of compound 12 with quinone.
and therefore were not isolated and used in situ for the
following reactions, but the presence of the nonisolable
compounds was established on the basis of the spectro-
scopic data of their crude reaction mixtures, which
indicated that only the E,E-isomers were obtained.17

In order to extend this strategy to the preparation of
functionalized fluoroalkyl 2-azadienes, the synthesis of
2-azadiene 6c containing a cyano group in position 4
(R1 ¼CN) was explored. In a similar way conjugated
phosphazene 4c containing a cyan group in position 4
(R1 ¼CN) can be obtained as a 70/30 mixture of E/Z
isomers by the reaction of phosphorus ylide 7 (R¼Ph,
R1 ¼CN) and trifluoroacetonitrile 2 (RF ¼CF3)
(Scheme 1, Table 1, entry 3). However, aza-Wittig
reaction of this conjugated phosphazene 4c derived from
triphenylphosphine (R¼Ph, R1 ¼CN) with ethyl gly-
oxalate 5 (R2 ¼CO2Et) and p-nitrobenzaldehyde
(R2 ¼ p-NO2–C6H4) at room temperature did not give
azadienes 6 and starting material were recovered. The
electron-withdrawing effect of the cyan group seems to
decrease the reactivity of the conjugated phosphazenes
through the P@N linkage. For this reason, we try to
prepare more reactive phosphazenes towards the aza-
Wittig reaction such as N-vinylic phosphazene 9
(R¼Me, R1 ¼CN) derived from trimethylphosphine,
given that it is known that the substitution in the
phosphorus atom of phosphazenes of aryl by alkyl
substituents increases the reactivity of the phosph-
azene11b in a similar way to that observed in the isosteric
phosphorus ylides.18 Conjugated phosphazene 9 was
prepared by reaction of trifluoroacetonitrile14 and
phosphorus ylide 8 (R¼Me, R1 ¼CN)19 (Scheme 1,
Table 1, entry 7). Aza-Wittig reaction of phosphazene 9
derived from trimethylphosphine and p-nitrobenzalde-
hyde (R2 ¼ p-NO2–C6H4) in refluxing CHCl3 gave az-
adiene 6c (RF ¼CF3, R1 ¼CN, R2 ¼ p-NO2–C6H4)
(Scheme 1, Table 1, entry 6).
3 R4 Reaction conditions Yield

(%)

Mp (�C)

T (�C) Time (h) Solvent

–– 20 12 Et2O 90a 134–135

–– 20 12 Toluene 83a Oil

–– 20 48 Et2O 83b Oil

–– 20 1 CHCl3 ––c ––

–– 20 0.5 CHCl3 ––c ––

–– 75 72 CHCl3 35a Oil

–– 20 12 THF 86a 133–134

–(CH2)4– 20 15 CHCl3 80a Oil

–(CH2)4– 20 2 CHCl3 60d 156–157

–(CH2)4– 100e 48e Dioxane 90e Oil

iPr 20 24 CHCl3 54a Oil
iPr 20 24 CHCl3 60a Oil
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Pyridine ring is widespread in the alkaloid family and
constitute an important class of compounds in phar-
maceuticals, agrochemicals and dyestuffs.20;21 For this
reason, in order to test the synthetic usefulness of the
new fluoroalkyl substituted azadienes 6 as key interme-
diates in organic synthesis and especially in the prepa-
ration of new fluoroalkyl pyridine derivatives, the [4+2]
cycloaddition reaction of fluoroalkyl substituted 2-az-
adienes 6 with enamines 10 was studied. Alkylfluori-
nated 2-azadiene 6a (RF ¼CF3, R

1 ¼Ph, R2 ¼CO2Et),
underwent efficient regio- and stereoselective cycload-
dition with N-cyclohex-1-enyl pyrrolidine 10a
(R3R4 ¼ (CH2)4) in CHCl3 at room temperature afford-
ing the endo-cycloadduct 11 in good yield (Scheme 2,
Table 1, entry 8) in a regio- and stereoselective fashion.22

The structure of compound 11 (Fig. 1) was assigned on
the basis of the 1D and 2D spectroscopy, including
COSY, NOE, HMQC and HMBC experiments and
mass spectral data. Mass spectrometry of 11 showed the
molecular ion peak (m=z 422, 2). The 1H NMR spectrum
of compound 11 showed a singlet for a 4-H signal at
3.84 ppm, and a doublet for a 1-H signal at 4.79 ppm
with a coupling constant of 3JHH ¼ 9.8Hz, which has a
cross-peak connection in the homonuclear COSY spec-
trum with the 8a-H signal at 2.53–2.56 ppm, confirming
the trans vicinal coupling relationship. The 13C NMR
spectrum of 11 showed a quadruplet at 161.4 ppm with a
Scheme 2.

Figure 1.
coupling constant of 2JFC ¼ 32.0Hz, which indicated
that C-3 is the imine carbon.

However, the reaction of heterodiene 6c (RF ¼CF3,
R1 ¼CN, R2 ¼ p-NO2–C6H4) with enamine 10a
(R3R4 ¼ (CH2)4) afforded a mixture 50:50 of compounds
12 and 13 (Scheme 2, Table 1, entries 9 and 10). Both
compounds were isolated and characterized on the basis
of their spectroscopic data. Oxidation of compound 12
with p-benzoquinone (dioxane, 100 �C) gave tetrahy-
droisoquinoline 13 in excellent yield. In further experi-
ments, the cycloaddition reaction of 2-azadienes 6a
(RF ¼CF3) and 6b (RF ¼C7F15) with N-(3-methyl)-but-
1-enyl pyrrolidine 10b (R3 ¼H, R4 ¼ iPr) was studied.
Thus, 2-azadienes 6a,b reacted with N-(3-methyl)-but-1-
enyl pyrrolidine 10b to give, after column chromato-
graphy, the corresponding aromatized adducts 14a,b in
good yield (Scheme 2, Table 1, entries 11 and 12) and in
a regioselective fashion. The formation of pyridine
derivatives 13 and 14 can be explained through an in-
verse demand aza-Diels–Alder reaction of heterodienes 6
with enamine by formation of cycloadducts 11, sub-
sequent loss of pyrrolidine and oxidation (Scheme 2).
Although several fluoroalkyl substituted pyridines have
been synthesized23 as potential biologically active
derivatives by the reaction of fluoroalkylated a,b-
unsaturated ketones and enamines, as far as we know,
fluoroalkyl substituted tetrahydropyridines 11 and iso-
quinoline derivatives 12 and 13 has not been described
before, and formation of cycloadduct 11 and pyridine
derivatives 12–14 represent the first example of [4+2]
cycloaddition reaction of 2-aza-1,3-butadienes contain-
ing fluoroalkyl substituents.

In summary, fluoroalkyl N-vinylic phosphazenes can be
prepared readily from fluoroalkyl nitriles and phos-
phorus ylides. They react cleanly and in good yields with
aldehydes, by means of an aza-Wittig reaction, to afford
fluoroalkyl functionalized 2-azadienes, which have
shown to be excellent building blocks for the prepara-
tion of fluorinated heterocycles. Fluoroalkylated
pyridine derivatives 11–14 can be prepared through a
Diels–Alder strategy involving heterodienes 6 with
electron-rich dienophiles such as enamines. These flu-
oroalkylated 2-aza-1,3-butadienes may be important
synthons in organic synthesis and in the preparation of
fluoroalkyl substituted acyclic and heterocyclic deriva-
tives.1–5 Detailed studies of the mechanism of these
processes and an examination of new types of substrates
are currently under investigation.
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