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A B S T R A C T

We studied the cascade nucleophilic addition reactions of 1,2,3-triazines with activated acetonitriles or
ketones, which were used to construct highly substituted pyridines that are not easily accessed by
conventional methods. The strategy addressed some structural diversity issues currently facing
medicinal chemistry, and the resulting pyridines could be used as convenient precursors for the synthesis
of related pharmaceuticals. In particular, our method was applied to the syntheses of the marketed drug
etoricoxib and several biologically important molecules in a few steps.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Substituted pyridines are commonly used as precursors in the
synthesis of natural products [1], pharmaceuticals [2], and
organocatalysts [3], as well as in ligand design [4]. However, the
direct functionalization of pyridines is challenging because of their
poor chemoselectivity and low reactivity [5]. Specifically, the
functionalization of the C3- or C5-position is frequently ineffective
without the activation of additional substituents. In addition, the
modern synthetic strategies of pyridines mainly rely on transition
metal catalyzed cycloaddition reactions [6]. In a complementary
fashion, the direct construction of highly substituted pyridines
offers an alternative strategy by utilizing abundant and inexpen-
sive starting materials. In view of the importance of highly
substituted pyridine-containing pharmaceuticals, we are interest-
ed in exploring new strategies toward the divergent synthesis of
these compounds from readily available reagents, as well as
investigating their applications.

Monocyclic 1,2,3-triazines are six-membered aromatic hetero-
cycles that are electron deficient because of the three nitrogen
atoms in the ring system. Their electron deficiency allows the
reaction of triazines with nucleophiles [7]. Although exsiting
studies are highly valuable [7-12], and have revealed efficient
synthetic routes to valuable medicinal chemistry targets [7f,7g],
they typically focused on the inverse electronic Diels-Alder
titute of Materia Medica, Chinese
reaction of 1,2,3-triazines with electron-rich dienophiles [7-9]
(Scheme 1a). In contrast, examples of the nucleophilic addition
reactions of triazines remain rare.

The divergent synthesis of various scaffolds from readily
avaiable reagents are crucial to build a molecule library for drug
screening and discovery. In view of the importance of pharma-
ceuticals, we envisioned that highly substituted pyridines c and e
might be constructed via the cascade nucleophilic addition
reaction of 1,2,3-triazines a with readily available acetonitrile b
and ketone d derivatives, respectively (Scheme 1b). In particular,
several biologically important moleculars were effectively synthe-
sized from readily available starting materials in a few steps,
obviating lengthy and laborious substrate syntheses.

To verify the feasibility of the transformation, 5-bromo-1,2,3-
triazine 1a [7b,7g] and ethyl 2-cyanoacetate 1b were used as
model substrates to commence our studies (Table 1). A range of
bases were screened, and the use of NaNH2 obtained the desired
2,3,5-trisubstituted pyridine products in good yields in toluene at
60 °C after stirring for 6.0 h (entries 1-7). The yield was further
improved by solvent screening (entries 8-11). The results indicate
that dichloromethane is the best solvent (entry 11). This
transformation proceeded rapidly to provide the nucleophilic
addition product as a single regioisomer without the detection of
any intermediates.

Having established the optimal reaction conditions, we initially
examined the synthetic scope of various 1,2,3-triazines with ethyl
2-cyanoacetate to construct substituted pyridines (Scheme 2).
Those 1,2,3-triazines bearing either a C5 substituent orwithout any
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Background and our proposal.

Table 1
Optimization of reaction condition.a

[TD$INLINE]

Entry Base (1.5 equiv.) Solvent (1.0mL) Yield (%)b

1 Cs2CO3 Toluene 42
2 K2CO3 Toluene 39
3 Na2CO3 Toluene 19
4 NaOMe Toluene 33
5 NaOH Toluene 59
6 NaH Toluene 24
7 NaNH2 Toluene 62
8 NaNH2 THF 70
9 NaNH2 EtOH 73
10 NaNH2 CHCl3 74
11 NaNH2 CH2Cl2 78

a All reactions of triazine 1a (0.10mmol) with ethyl 2-cyanoacetate 1b (1.2
equiv.) were performed in 1.0mL solvent at 60 �C for 6.0 h.

b Isolated yields.
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Scheme 3. Substrate scope. All reactions of ketones d (0.20 mmol) with triazines a
(1.5 equiv.) were performed with Cs2CO3 (1.5 equiv.) in THF at r.t. for 3.0 h. Isolated
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Scheme 2. Substrate scope. All reactions of 1,2,3-triazines a (0.20 mmol) with
substituted acetonitriles b (1.2 equiv.) were performed under the standard
conditions. Isolated yields.
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substituents were well tolerated under our standard conditions,
providing the desired products 2c-5c in good yields with no
significant differences. The 4,5-disubstituted 1,2,3-triazine was
effectively converted to a tetra-substituted pyridine 6c in a good
yield with excellent regioselectivity. Next, acetonitriles with
various substituents were used, and these reactions delivered
the corresponding 2,3,5-trisubstituted pyridines 7c-19c in satis-
factory yields. Among them, ranges of α-aryl substituted acetoni-
triles were also competent substrates, providing 3-aryl substituted
pyridines 14c-19c in moderate to high yields. Varying the positions
of substituents on the benzene ring, such as 4-CF3, 3-CF3 and 2-CF3
had little impact on the yields (16c-18c). The acetonitrilewith an α-
2-pyridyl substituent also underwent the same transformation and
gave the 2,3'-bipyridine product 19c in a moderate yield.
Having investigated the substrate scope for the reaction of
1,2,3-triazines with substituted acetonitriles, we next explored the
reaction of 1,2,3-triazines with substituted ketones (detailed
conditions please see Supporting information). Similarly, the
screening of different bases and solvents revealed that Cs2CO3 in
tetrahydrofuran (THF) provided the substituted pyridines e in
excellent yields. We then investigated the scope of substrates for
ketones (Scheme 3). The cyclohexyl ketone was well tolerated
under the standard reaction conditions, resulting in a good yield of
2,3,5-trisubstituted pyridine 2e. Various β-aryl ketone esters were
smoothly converted into the desired products 3e-8e in high yields
(85%-91%). The reaction of symmetric dimethyl 3-oxopentane-
dioate also proceeded with 5-bromo-1,2,3-triazine, providing the
desired product 9e in 84% yield. Moreover, 1,3-diphenylpropane-
1,3-dione, 1-(methylsulfonyl)propan-2-one and dimethyl (2-oxo-
propyl)phosphonate also performed well in the current system,
furnishing the desired products 10e-12e in high yields.
yields.
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To compare the reactivity of the substituted acetonitriles
and ketones, a series of β-ketone nitriles were reacted with
5-bromo-1,2,3-triazine under the standard reaction conditions,
furnishing the corresponding 3-nitrile pyridines 13e-16e in good
yields rather than α-amino pyridines. In addition, various triazines
could also be converted into the 3-nitriles products in high yields
17e-19e. Furthermore, this selectivity was not suppressed by
varying the reaction conditions, and the results show that the
ketones are more reactive than the substituted acetonitriles. Next,
we investigated the preparation of bi- and terpyridines, which are
known to coordinate with a wide variety of metal ions, and
considerable progress has been made in their homogeneous
catalysis [4]. They are also common in natural products and
pharmaceuticals [1,2]. However, traditionally, the synthesis of
these compounds requires non-trivial multistep synthesis or
metal-catalyzed coupling reactions. Therefore, the development
of new methods to synthesize bi- and terpyridines easily is highly
attractive. Interestingly, the reaction of the various 1,2,3-triazines
with β-pyridine ketone ester generated the expected 2,2'-
bipyridine products 20e-22e in high yields. Similarly, reactions
with β-(2-methyl-pyridine) ketone and β-isoquinoline afforded the
corresponding bipyridines 23e-24e in excellent yields, indicating
that the current transformation is insensitive to the steric bulk of
the substituents. Fortunately, the reactions of 1,2,3-triazines with
diketones also afforded the 2,2':6',2"-terpyridine products 25e-26e
in good yields, further expanding the serviceability of this
transformation.

In general, the resulting substituted pyridines are convenient
precursors for subsequent modification or transformation. As
shown in Scheme 4, we applied this method to synthesize
bioactive molecules and pharmaceuticals. Compound 2c could be
converted into imidazo[1,2-a]pyridine structural unit f via a simple
cyclization reaction (Scheme 4a). The f is a synthetic precursor of
bioactive molecule SC-53606, which is a selective 5-HT4 receptor
antagonist [13].Moreover, we applied this reaction to the synthesis
of the marketed pharmaceutical etoricoxib, which is used to treat
[(Scheme_4)TD$FIG]

Scheme 4. Synthetic applications.
osteoarthritis, rheumatoid arthritis, acute gouty arthritis, and
ankylosing spondylitis, and can also be used to treat acute pain and
chronic musculoskeletal pain [14]. The first synthesis was
accomplished by Merck in a six-step sequence starting from 3-
bromo-5-chloropyridin-2-ol [14a]. Fortunately, using our method,
the gram-scale reaction of 5-chloro-1,2,3-triazine 2a with the
corresponding ketone delivered etoricoxib 27e in 82% yield in one
step (Scheme 4b). The divergent synthesis of etoricoxibwith B ring
modification were also expediently achieved by using various
1,2,3-triazines, these compounds (28e-31e) are attractive as
potential feedstocks for the structure-activity relationship (SAR)
studies of etoricoxib analogues. These transformations also proved
to be effective for the synthesis of 2,3-diaryl substituted pyridines.
Furthermore, to demonstrate the utility of 5-bromopyridines as
effective coupling partners, we explored their application in the
synthesis of bioactive bipyridine compound h, which is a selective
orexin 2 receptor antagonist (2-SORA) for the treatment of
insomnia [15]. Specifically, the ammonolysis reaction of the ester
and Suzuki cross-coupling afforded compound h, demonstrating
the tolerance of our method toward a polypyridine systems
(Scheme 4c).

Inverse electron demand Diels-Alder reactions is a type of
pericyclic reactions, in which the driving force is heat (thermal
reaction) or light (photochemical reaction) [7e,7g]. However, our
reactions can also be performing at room temperature. Therefore,
we consider that our reaction is more likely to be a stepwise
nucleophilic addition process. Based on our experimental results, a
possible mechanism is proposed in Scheme 5. Initially, in the
presence of a base, the intermediate I or I' is formed by the addition
of substituted acetonitriles or ketones to the C4-position of 1,2,3-
triazines, respectively. Moreover, the intramolecular nucleophilic
addition of nitrogen anion to the cyano or carbonyl group results in
strained bridged-ring intermediate II or II', followed by the release
of N2, thus forming intermediate III or III'. Finally, the former
intermediate forms α-amino pyridines c through isomerization of
the C=N double bond,whereas the latter forms pyridines ewith the
generation of H2O.

In summary,wehave developed a cascade nucleophilic addition
reaction with 1,2,3-triazines and substituted acetonitriles or
ketones for convenient access to a range of pyridine-containing
products. Synthetically important bi- and terpyridines were also
effectively obtained using this method. In particular, the marketed
pharmaceutical etoricoxib, as well as its analogues were synthe-
sized in one step with high yields. The developed method was also
employed for the synthesis of several bioactive molecules. In
general, this strategy is highly practical for the synthesis of
pharmaceuticals and bioactive compounds. Thus, we anticipate
[(Scheme_5)TD$FIG]

Scheme 5. The proposed mechanism.
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that our methods will be widely used by the synthetic chemistry
community.
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