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ABSTRACT

A new strategy for the synthesis of poly-substituted 3-H, 3-F, and 3-trifluoromethyl pyridines based on C-F bond breaking of the anionically
activated fluoroalkyl group is described. A series of 2,6-disubstituted 4-amino pyridines were prepared through this domino process in high
yields under noble metal-free conditions, making this method a supplement to pyridine synthesis.

The pyridine unit represents an important structural motif
found in natural products and biologically relevant com-
pounds,1 which are the subject of considerable interest as
potent antitumor,2 antimicrobial,3 and antiviral agents4 and
herbicides,5 and it is also a significant component of many
common ligands.6 Therefore, efficient methods for the

synthesis of these compounds are of great significance,7

especially for their fluoro-containing counterparts, as the
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incorporation of fluorine or fluorine-containing groups into
an organic molecule may lead to improvements in pharma-
cological properties.8 Although synthesis of various substi-
tuted pyridines has been widely covered in the literature and
inspired significantly different strategies,1c,9 methods for the
fluorine-containing substrates are rare,10 and novel methods
for poly-substituted pyridines are still desired. Herein we
report a mild and efficient cascade procedure for chemose-
lective conversion of alkynylimines into the corresponding
substituted pyridines.

The C-F bond is generally regarded as the strongest bond
in organic molecules, so its cleavage has become a current
subject of active investigation, as it provides us an op-
portunity to synthesize nonfluorinated products and partially
fluorinated compounds, which are otherwise inaccessible.11

It has been shown that the anionically activated trifluoro-
methyl group has great utility in the synthesis fluorine-
containing compounds,12 as it is easier to introduce a CF3

group into a molecule then other fluorinated groups. The
C-F bond breaking does rather easily occur when a CF3

group is attached to a π-electron system because of electron
pair acceptance into the π-system, and subsequent extrusion
of a fluoride ion provides the driving force.13 The formed
intermediary gem-difluorovinyl can react with various nu-
cleophiles14 or react with electrophiles when it is attached
to an anion,15 leading to various difluoromethylene building
blocks. Our strategy for the construction of diversely
substituted pyridine derivatives is based on this cascade C-F
cleavage/nucleophilic addition protocol.

As listed in Table 1, N-(1,1,1-trifluoro-4-phenylbut-3-yn-
2-ylidene)aniline 1a and benzylamine 2a were chosen as
model substrates to screen the optimal reaction conditions.

Initial experiments were carried out using 3 equiv of
benzylamine 2a with 2.5 equiv of Cs2CO3 in CH3CN at 80
°C. The desired 3-fluoropyridine product 3a was obtained
in 45% yield (Table 1, entry 1), which was confirmed by
crystal diffraction (Figure 1).16 Then other solvents were

evaluated. Comparing with toluene, DMF, dioxane, and
MeOH, the yield improved considerably when DME (1,2-
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Table 1. Optimization of Reaction Conditionsa

yield (%)b

entry solvent base time (h) 3a 4a

1 CH3CN Cs2CO3 2 45 -
2 toluene ′′ 6 30 4
3 DMF ′′ 2 47 2
4 DME ′′ 2 90 -
5 dioxane ′′ 3 59 -
6 THF ′′ 2 98 (97) -
7 MeOH ′′ 2 5 -
8 THF - 2 - 99 (98)
9 THF KOH 2 80 20
10 THF K3PO4 12 72 0
11 THF K2CO3 12 12 88
12 THF DBU 1 - 46
a Reactions were carried out on a 0.3 mmol scale with benzylamine

(3.0 equiv), base (2.5 equiv), and solvent (2 mL) at 80 °C unless otherwise
stated. b Reported yields were based on 1a determined by 19F NMR. Values
in parentheses are of isolated yields.

Figure 1. X-ray structure of 3a and 5a.
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dimethoxyethane) or THF was used (Table 1, entries 4 and
6). Next, different bases were screened with THF as the
solvent. The weaker bases prolonged the reaction time with
lower yields (Table 1, entries 10 and 11), and no pyridine
was detected when organic base such as DBU was used
(Table 1, entry 12). 4a was isolated without further conver-
sion in the absence of a base (Table 1, entry 8), which can
form the final product in quantitative yield if Cs2CO3 is
added. After optimization, the best reaction conditions were
ascertained as 3 equiv of 2a and 2.5 equiv of Cs2CO3 in
THF at 80 °C.

With the optimized conditions in hand, we examined the
generality of this process. Other fluoroalkyl substrates were
tested. When CF2Br was in place of CF3, the corresponding
product was formed in good yield (Table 2, entry 1), and

the yield for the CF2Cl group was acceptable as well (Table
2, entry 2). Surprisingly, when CF2H and CF3CF2 substrates
were used, the resultant 3-H pyridine and 3-trifluoromethyl
pyridine were obtained, respectively, in favorable yields
(Table 2, entries 3 and 4), rendering more versatility. All
substrates with various alkynyl moieties could be the
candidates. Electron-rich aryl substituents gave excellent
yields (Table 2, entries 5 and 8), while electron-deficient
yields were slightly lower (Table 2, entry 7). When an alkyl
group is attached, a longer reaction time (24 h) was required
with a poorer yield (Table 2, entry 6). An ester group also
afforded the desired products in moderate yield (Table 2,
entry 9). Further studies on the N-aryl group revealed that
electronic effects of its substitution did not significantly affect
the reactivity (Table 2, entries 10-12).

To expand the scope of the intermolecular tandem reaction
of alkynylimine with benzylamine, a variety of substituted

benzylamines and hetarylmethylamines were tested under the
optimal reaction conditions. In general, the reaction tolerates
various amines containing aryl groups. Amines with electron-
rich aromatic rings showed greater reactivity compared with
those with electron-deficient aryl rings. For example, the
reaction of 4-methylbenzylamine and 1a proceeded in 98%
isolated yield (Table 3, entry 1), while the inactive amines

such as 4-(trifluoromethyl)benzylamine required longer time
to afford the corresponding pyridine with a reduced yield
(Table 3, entry 5). Because of steric hindrance, the ortho-
substituted benzylamine resulted in a slight decrease in yield
(Table 3, entry 2). Moreover, substrates with a heterocyclic
ring could also provide the product in satisfactory yield
(Table 2, entries 8-10), which may serve as a good ligand,
such as 2,2′-bipyridine. The cyclization process did not occur
when n-butylamine was used, providing 4v as a sole product
in quantitative yield, which could form the pyridine product
if NaH was used as the base (Scheme 1). Surprisingly, a
byproduct dihydropyrimidine 5v was isolated in 32% yield
in addition to the desired compound, while use of a soluble
base t-BuOK yielded 5v as the sole product. Amazingly,
annulation of 4a under this condition also gave a mixture of
3a and 5a, while lowering the temperature to -40 °C led to
formation of 5a only.16

A possible mechanism of this transformation is proposed
in Scheme 2. The first step is the hydroamination of
alkynylimine with amine to form the intermediate vinylogous
amidine 4, which undergoes deprotonation and dehydroflu-
orination to generate an anion and an imine coexisting in
one molecule. When the reaction is carried out at a low
temperature with a soluble base (path a), the in situ generated
amide nucleophile attacks imine immediately without isomer-
ization to form dihydropyrimidine through a kinetically
controlled pathway. Raising the reaction temperature (path
b), however, makes the carbon nucleophilic addition become

Table 2. Reactions of Various Alkynylimines with
Benzylaminea

entry Rf R1 R2 product yield (%)b

1 CF2Br Ph Ph 3a 80
2 CF2Cl Ph Ph 3a 64
3 CF2H Ph Ph 3b 80c

4 CF3CF2 Ph Ph 3c 74d

5 CF3 p-MeC6H4 Ph 3d 99
6 CF3 n-butyl Ph 3e 59
7 CF3 p-FC6H4 Ph 3f 84
8 CF3 2-thienyl Ph 3g 90
9 CF3 COOMe Ph 3h 60
10 CF3 Ph p-MeOC6H4 3i 97
11 CF3 Ph p-CNC6H4 3j 96
12 CF3 Ph m-MeC6H4 3k 95

a Reactions were carried out on a 0.4 mmol scale in THF (2 mL) with
2a (3.0 equiv) and base (2.5 equiv) at 80 °C unless otherwise stated.
b Isolated yields. c X ) H. d X ) CF3.

Table 3. Reactions of 1a with Various Aminesa

entry R3 product yield (%)b

1 p-MeC6H4 3l 98
2 o-MeC6H4 3m 89
3 3,4-diMeOC6H4 3n 93
4 p-ClC6H4 3o 85
5 p-CF3C6H4 3p 52
6 o-CF3C6H4 3q 50
7 1-naphthyl 3r 93
8 2-thienyl 3s 96
9 2-pyridyl 3t 62
10 2-furyl 3u 80

a Reactions were carried out on a 0.4 mmol scale in THF (2 mL) with
methylamines (3.0 equiv) and base (2.5 equiv) at 80 °C unless otherwise
stated. b Isolated yields.
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an option, rendering a 1,2-dihydropyridine ring under
thermodynamic control, which finalizes the pyridine ring after
proton migration, �-F elimination, and isomerization, and
an insoluble base can effectively inhibit the kinetic pathway.

In conclusion, we have designed a new strategy for the
chemoselective synthesis of poly-substituted pyridines using
amines and alkynylimines, through a cascade process based
on anionical C-F bond activation. The substituents of the
pyridine ring can be introduced stepwise from initial fluo-
roalkyl acids in high yields.17 A variety of functional groups
can be employed, rendering this method particularly attractive
for the efficient preparation of biologically and medicinally
interesting molecules. Further investigations into the reaction

mechanism, and the gem-difluoromethylation based on this
strategy, are currently underway in our laboratory.
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Scheme 1. Base-Controlled Cyclization Reaction Scheme 2. Proposed Mechanism
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