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Functionalized pyridines are important building blocks and
subunits of natural products and synthetic pharmaceuticals
(Fig. 1a)." Effective catalytic access to pyridines is therefore of
considerable research interest. Transition metal-mediated
cycloaddition reactions constitute a major effort for the assem-
bly of substituted pyridines.> Typically, relatively high reaction
temperatures are necessary and the residual transition metal
left with products may not be desirable in these otherwise very
successful metal-based approaches. Organocatalytic methods
for pyridine synthesis have recently emerged. The mild reac-
tion conditions and non-toxic nature of the organocatalysts
make this approach highly promising, especially for the syn-
thesis of pyridines bearing functional groups or for medical
uses. Loh and co-workers reported amine-catalyzed aza-
Rauhut-Currier reaction of allenoates and o,p-unsaturated
imines (1-azadienes) to generate functionalized pyridines.®
Smith recently reported isothiourea-catalyzed pyridine syn-
thesis by reacting anhydrides with 1-azadienes."

We are interested in the organocatalytic activation of readily
available carboxylic esters for facile access to useful mole-
cules.” We have recently developed N-heterocyclic carbene
(NHC)-catalyzed activation of esters®® and unsaturated
esters,” including unusual p-sp> carbon activation®® of satu-
rated esters. Herein, we report an organocatalytic activation of
esters to form enolate intermediates by using DMAP as an
organocatalyst (Fig. 1b). The reaction of a-chloro acetic ester
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Facile access to trisubstituted pyridines from a-chloro acetic ester and unsaturated imines is achieved.
DMAP-catalyzed activation of ester to form an enolate intermediate constitutes a key reaction step. On
the application side, the wide availability and low cost of the substrates and catalysts make this method
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Fig.1 Examples of bioactive pyridines and our
approach for pyridine synthesis.

organocatalytic

with unsaturated imines effectively forms substituted pyri-
dines (Fig. 1c). The ester and imine substrates can be easily
prepared, and the DMAP organocatalyst is commercially avail-
able at low cost ($ 0.05 per gram from Alibaba).
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Experimentally, ester 1a prepared from inexpensive and
commercially available a-chloro acetic acid ($ 0.73 per kg from
Alibaba) was chosen as our substrate to react with 2a as a
model unsaturated imine. No formation of pyridine product
3a was observed when bases (such as Cs,CO3, DIPEA, etc.; in
the absence of DMAP) were used for a direct a-CH deprotona-
tion of ester 1a to react with 2a (Table 1, entry 1). N-hetero-
cyclic carbene (NHC) organocatalysts, found effective in our
earlier studies on ester activation,” were then evaluated. The
use of triazolium-based NHC catalysts A-D led to 3a with low
to moderate yields (entries 2-5). Although further development
of NHC catalysts could likely lead to effective reactions, we
decided to move towards a different direction in search of a
cheaper organocatalyst. At last, we found that by using DMAP®
as an ester-activating catalyst and triethylamine (TEA) as a
base, pyridine 3a could be obtained in 54% isolated yield for a
reaction carried out in CH,Cl, at room temperature and
24 hours (entry 6). An improved yield (66%) could be obtained
when the reaction time was prolonged to 48 hours (entry 7). A
switch of solvent from CH,Cl, to (CH,Cl), led to 3a with 75%
yield (entry 8). Increasing the reaction temperature led to a
decreased yield (entry 9).

Mechanistically (as illustrated in Fig. 1b), the reaction of
substrate ester 1 and imine 2 initially formed a lactam IV
(unstable, not isolable) that underwent E2-elimination to
afford adduct V (isolable). N- to O-tosyl transfer’ of V effectively
led to pyridine 3a at an elevated temperature. All the

Table 1 Condition optimization?

Ts.
20 mol% Cat./TEA (0]
TS CH,Cl, or (CH,Cl), SN
rt, air, 48 h
cl — nan®r .
QJ\OAF Ph/\)\ then Ph” 7 “Ph
60°C,6h 3a

2 equw
(Ar=4-NO,-CgHy)  1equiv

O:N\ BF4 /\7 BF4 @ BF4§

: +
i N Npp N-Mes

N /N~ph N\éN‘Mesg
______ ABD
Entry Conditions Solvent yield” [%)]
1 2-5 equiv. bases‘ (24 h) CH,Cl, <5
2 NHC A (24 h) CH,Cl, 10
3 NHC B (24 h) CH,Cl, 4
4 NHC C (24 h) CH,CL, 36
5 NHC D (24 h) CH,Cl, 53
6 DMAP (24 h) CH,Cl, 54
7 DMAP (48 h) CH,Cl, 66
8 DMAP (48 h) (CH,CI), 75
9 DMAP (60 °C, 24 h) (CH,Cl), 55

“General conditions (unless otherwise specified): 1a (0.20 mmol), 2a
(0.10 mmol), solvent (0.40 mL), reacted at room temperature for 48 h
and then at 60 °C for 6 h. In all the above cases, the conversion of
ester 1a was >90%. “Isolated yield (except entries 1-3, which were
estimated via '"H NMR analysis). Bases such as DIPEA (5 eq.), TEA
(5 eq.), DBU (2 eq.), TBD (2 eq.), Cs,CO;3 (2 eq.) and K,COs3 (2 eq.) were
tested. DIPEA = N,N-diisopropylethylamine, DBU = 1,8-diazabicyclo-
[5.4.0Jundec-7-ene, TBD = 1,5,7-triazabicyclo-[4.4.0]dec-5-ene, TEA =
triethyl amine.
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transformations from 1a and 2a to pyridine 3a were performed
in a “single-step” operation. Notably, when only a base catalyst
(a weak base such as TEA or a strong base such as DBU or
NaOCHj3;) was used, no pyridine product could be formed. The
addition of a DMAP organocatalyst to the ester substrate (to
form intermediate I) and subsequent formation of DMAP-
bound ester enolate intermediate II are necessary for this reac-
tion. In other words, the DMAP catalyst not only facilitates
ester a-CH deprotonation but also helps to modulate the reac-
tivity of the DMAP-bound enolate intermediate in this
reaction.

Examples of the unsaturated imine substrates that worked
well under the optimal conditions (Table 1, entry 8) are shown
in Scheme 1. When the R and/or R’ groups on the imines bear
electron-donating substituents, the corresponding pyridine
products (3b-e) were obtained with moderate to good yields.
Replacing the phenyl group by a bulkier napthyl substituent
was tolerated (3f, 3g). The use of electron-deficient imines
bearing electron-withdrawing substituents afforded products
with higher yields (3h-j). The imines containing heterocyclic
rings (3k-n) such as furanyl or pyridinyl units were also suit-
able substrates. The pyridine products (3k-n) that resulted
from these imines are amenable to further transformations
such as Suzuki couplings to prepare terpyridine derivatives.®
The sulfonyl tosyl group on the imine nitrogen can be replaced
by a methyl (3p) or p-methoxybenzenesulfonyl (3q) unit. As a

a) DMAP (20 mol%)
Et3N (5 equiv)
23°C,48h |

c@Q f

X

=
N
3
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Ph” N” NOTs N”0Ts pp~N7 N” oTs
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Scheme 1 Substrate scope.
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note, the use of chloro acetic esters with an a-alkyl substituent
(e.g. ethyl or benzyl unit) led to no pyridine products under
current conditions.

Ph
DIPEA,Toluene
MW,160 °C, 5 h

P

X
o G Jo "
N~ oTs N 72% Ph N N/\

3a 4a k/ N

Ph

The tosylate unit in the pyridine products (3a-o0) is a versa-
tile reactive group in cross-coupling reactions such as Suzuki
couplings,’ Heck couplings,'® Kumada couplings'' and metal-
catalyzed amination reactions.'” For example, amino pyridine
4a, a selective 5-HT,,/5-HT;, receptor ligand,® could be
readily prepared by coupling 3a with N-methylpiperazine (eqn

(1))-

Conclusions

In summary, we have developed a DMAP-catalyzed synthesis of
trisubstituted pyridines. Activation of the ester substrate by
DMAP to form a DMAP-bound enolate intermediate is a key
step in this process. A readily available and inexpensive
organocatalyst and an ester substrate were used. The pyridine
adducts obtained with our methods are amenable to effective
transformations to bioactive molecules. Further development
in activating readily available raw materials such as esters and
acids as chemical feedstock is being pursued in our laboratory.
In addition, this study is expected to encourage exploration of
DMAP and its analogs as organocatalysts for the activation of
carboxylic esters and their derivatives.
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