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ABSTRACT

Pyridines with 2,3,4 and/or 5 substitution remain challenging to prepare. Existing strategies to form multisubstituted 2-halonicotinonitriles via
enamines suffer from dimerization of the starting alkylidenemalononitriles resulting in low yields. Through alteration of reaction conditions, a new
high yielding method into enamines was realized by condensing DMF�DMA and alkylidene malononitriles in the presence of substoichiometric
acetic anhydride. Cyclization of the resulting enamines under Pinner conditions provided 2-halonicotinonitriles in high overall yields.

Pyridines are abundant in many molecules of interest,
including active pharmaceutical ingredients (APIs),1 natural
products,2 biological probes,3 and materials.4 Despite many

innovative approaches, high yielding syntheses of poly-
substituted and fused pyridines with broad substrate ap-
plications remain elusive. These valuable multifunctional
intermediates are synthesized using two major strategies:
(1)modificationofpyridineprecursors5 or (2) construction
of the pyridine by cycloadditions or cyclizations from
acyclic intermediates.6 Complete construction of the pyr-
idine has the promise of providing complex pyridines
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otherwise difficult to obtain. To date however, high yield-
ing strategies into2,3,4- or 2,3,4,5-substitutedpyridines are
limited.7

Early studies by Baldwin, Raab, and Ponticello at-
tempted to reach 2-bromonicotinonitriles from alkylidene
malononitriles using either triethyl orthoformate or N,N-
dimethylformamide dimethyl acetal (DMF�DMA) as a
C1 source (Scheme 1).8 Using triethyl orthoformate led to
modest yields of the corresponding diethylacetal or enol
ether but demonstrated a limited substrate scope. In addi-
tion, cyclization of the acetal or enol ether under Pinner
conditions to the 2-bromonicotinonitriles was low yield-
ing.Alternatively,whenDMF�DMAwasused, lowyields
of the corresponding enamine resulted due to dimerization
of the alkylidene malononitriles.

The Baldwin�Raab�Ponticello synthesis is an attractive
route to substituted pyridines because the acyclic precursors

can be derived from inexpensive aldehydes or ketones and
malononitrile. Additionally, the 2-bromo-3,4,5-tetrasub-
stituted pyridines are primed for further modification.9

Despite these positive attributes, the low overall yields of

Scheme 1. The Baldwin, Raab, and Poticello Strategy for
Synthesizing Substituted 2-Bromonicotinonitriles

Table 1. Reducing the Addition of Ac2O
a

entry Ac2O (mol %) DMF�DMA equiv yield (%)b

1 0 1 44

2 200 1 84

3 100 1 86

4 50 1 88

5 25 1 89

6 20 1 89

7 10 1 90

8 20 1.2 >99

aPerformed at a 0.5 mmol scale using anhydrousDCM. bCalibrated
yields determined by GC using mesitylene as the internal standard.

Table 2. Synthesis of 2-Bromonicotinonitriles from Various
Alkylidene Malononitrilesa

aPerformed at 5mmol scale using anhydrous DCM. b Isolated yields
from the corresponding alkylidene malononitrile. Samples contained
residual AcOH (<1 wt %). cPerformed at 20 mmol scale with alter-
native workup (see Supporting Information for details).
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their process have limitedwide application.Wehypothesized
that an alternative set of conditions, using DMF�DMA,
would provide a high yielding route to bifunctional enamines
(2). Furthermore, we predicted the cyclization under Pinner
conditions with these enamines would provide higher yields
than those observed with the acetal or enol ether. Herein, we
describe an alteration to the method that allows the corre-
sponding enamines and 2-halonicotinonitriles to be obtained
in high yield.
Initially, we applied the reaction conditions reported

by Deng et al.10 whereby dilute alkylidene malononitrile
(1a; DCM) was combined with DMF�DMA.While these
conditions provided the enamine (2a) in yields higher
(44%) than those reported by Baldwin, Raab, and Ponti-
cello (0%), 1HNMRspectroscopy showed primarily dimer-
ized 1a. To improve the yield of 2a further, we system-
atically surveyed reaction conditions that would suppress
dimer formation.
We hypothesized that the methanol released from the

DMF�DMAwas catalyzing the dimer formation. To test
our hypothesis, we measured the yield of 2a as as function
of addedMeOH scavengers: acetic anhydride, trimethylsi-
lyl chloride (TMSCl), and molecular sieves (5 Å). Of these
scavengers, only Ac2O provided measurable quantities of
the desired product.
The scavenger hypothesis was examined in more detail

by analyzing the reaction mixtures by 1H NMR. If the
scavenger hypothesis was valid, formation of methyl acet-
ate would be observed. To our surprise, only small quan-
tities of methyl acetate formed prompting us to reduce the
amount of Ac2O. As shown in Table 1 (entries 4�7), Ac2O
loadings as low as 10 mol % provided improved yields.
Though 10 mol % provided significant yield improve-

ment, a small amount of dimer remained, making purifica-
tion difficult. Therefore, we elected to employ Ac2O at the
20 mol % level. Further optimization studies demon-
strated that increasing the equivalents of DMF�DMA
to 1.2 gave quantitative yields of the desired enamine,
prompting us to examine the cyclization and the reaction
scope generally.

We proceeded to focus on enamine cyclization under
Pinner conditions. We hypothesized that the enamines
would provide high yields of the desired pyradines com-
pared to similar acetals or enol ethers, because HBr reacts
with acetals and enol ethers through multiple manifolds,
whereas enamines can only cyclize. To our gratification,
wewere able to synthesize 2-bromo-4-methylnicotinonitrile
(5a) in 91%yield in two steps (Table 2, entry 1). Themethod

Table 3. Temperature Screen for the Enamine Formationa

entry temp (�C) yield (%)b

1 rt 81

2 35 90

3 45 94

4 60 78

aReactions performed at 20 mmol scale using anhydrous toluene.
b Isolated yields.

Table 4. Synthesis of 2-Bromonicotinonitriles at 1 M Reaction
Concentration for the Enamine Formationa

aReaction performed at 5 mmol scale using anhydrous toluene.
b Isolated yields from the corresponding alkylidene malononitrile. Sam-
ples still contained some AcOH (<1 wt %). cYield improved to 83%
upon scaling to 20 mmol. dContains <1 wt % of the 2-bromo-4,5-
dimethylnicotinonitrile isomer. eContains 2 wt% of starting alkylidene
malononitrile. fSolvent DCM (0.1 M) and 1 equiv of Ac2O was used.
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was then applied to several substrates obtained from acet-
ophenone and acetophenone derivatives (entries 2�6).
Although this initial process provided high overall yields

(>87%), we sought to refine the route by removing the
use of DCM while increasing the overall concentration. Of
the solvents we examined, toluene was the most attractive
because pure enamine product (2a) precipitated from the
reaction andalso enabled a 10-fold increase in concentration.
Product precipitation drives the reaction forward and sim-
plifies workup tomerely filtration.Despite these benefits, the
reaction at room temperature produced 2a in only 81%yield
(Table 3, entry 1). Further optimization revealed heating to
45 �C improved the yield (Table 3, entry 3). Temperatures
higher than 45 �C led to lower yields (Table 3, entry 4).
We applied the improved method to various substrates

with the goal of producing both 2-bromo-4-substituted
and2-bromo-4,5-disubstitutednicotinonitriles.Themethod
works well with substrates derived from ketones, including
substrates leading to bi- and tricyclic compounds (5h, 5i,
5k) (Table 4). These compounds can potentially be trans-
formed into different isoquinoline, 2-azaphenanthrene, and
other fused pyridine derivatives after functionalizing the
nitrile and/or halogen that followed upon oxidation or
halogenation followed by elimination.11 Furthermore, yields
improve upon scaling as shown with substrate 5a (entry 1; 5
to 20 mmol scale).

The substrate 1g, despite its similarity to 1a, is not high
yielding (entry 2) because the 2-bromo-4,5-dimethylnico-
tinonitrile isomer is also produced (structure not shown).
The reaction conditions do not work well with substrates
formed from aldehydes (1m) (entry 8). Using the alter-
native dilute conditions with DCM and a higher concen-
tration of Ac2O improved the yield of 1m to 36% (see
Supporting Information for details).
Finally, to further expand the access to alternative

2-halonicotinonitriles, we investigated synthesizing both
2-chloro and 2-iodo dervatives from the enamine (2a)
(Scheme 2). Upon treatment with HCl (g), the slurry of
enamine 2a in AcOH was transformed into 2-chloro-4-
methylnicotinonitrile (8), the precursor to a starting mate-
rial to nevirapine,12 2-chloro-3-amino-4-picoline (CAPIC).
In addition, the enamine (2a) slurry treated with trimethyl-
silyl iodide (TMSI) and water to produce HI in situ pro-
duced 2-iodo-4-methylnicotinonitrile, an ideal substrate for
difficult metal insertions.
In conclusion, we have developed an efficient method to

produce 4-substituted and 4,5-disubstituted 2-halonicoti-
nonitriles. The substoichiometric addition of Ac2O has a
major impact on the viability of this approach, allowing
access to 4-substituted and 4,5-disubstituted 2-halonicotino-
nitriles. However, the role of the acetic anhydride has yet to
be determined. Rate enhancement occurs upon addition of
Ac2O, but the dependency of Ac2O appears complex.13 This
process provides a window of opportunity for chemists to
reach a variety of multisubstituted pyridines that were pre-
viously either unattainable or only attainable in low yields.
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Scheme 2. Synthesis of 2-Bromo, 2-Chloro, and
2-Iodo-4-methylonicotinonitrilesa

aYields of isolated product. See Supporting Information for details.
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