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ABSTRACT

Palladium-catalyzed direct benzylic C −H arylation of 2-alkyl substituted N-iminopyridinium ylides is described. The insertion can be conducted
with several electron-poor and electron-rich aryl chlorides in good yields. This work adds to the few examples of sp3 C−H insertions that have
been reported so far.

Pyridine derivatives are found in many bioactive molecules,1

pharmaceuticals,2 organic materials,3 and ligands4 used in
various catalytic chemical transformations. In addition, our
group has shown that pyridines can be readily converted into
polysubstituted and enantioenriched piperidines,5,6 which also
exhibit important biological properties.7 This was achieved
by converting pyridine to a pyridinium ylide (via amination
of pyridine, Figure 1, A) and subjecting these activated
substrates to various reaction conditions (Figure 1, C).5,6

Although this is an effective method for generating pip-
eridines, the reaction is limited by the unavailability of more
substituted pyridine starting materials. Recently, we have
addressed this issue by exploiting the Lewis basicN-
iminobenzoyl moiety of the ylide by using it as a directing

group8 for the direct arylation at the 2-position of the
pyridinium substrate (Figure 1, B).9 This gave access to a
wide range of substituted pyridinium ylides, which can be
easily converted into the corresponding pyridines (Figure 1,
E)9 or into highly functionalized piperidines (Figure 1, D).10
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Figure 1. Scope of reactivity of pyridinium substrates.
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During the course of our work on the direct arylation
reactions of these pyridinium ylides,9 we discovered that a
methyl group at the 2-position led to a marked decrease in
the yield for the formation of the expected product4.
Interestingly, we observed arylation on the benzylic methyl
group as the major product, in a 2.7:1 ratio with thesp2

arylation product (3a:4). Although direct arylation reactions
on sp2 centers are relatively well-known,11 little has been
reported about the direct arylation ofsp3 centers. The
functionalization ofsp3 C-H bonds remains a challenge in
organic synthesis.12 Herein, we report the optimization and
scope of the selective arylation of the benzylic carbon of
2-alkyl substitutedN-iminopyridinium ylides, underlining
another novel reactivity of these ylides giving more func-
tionalized pyridines.

Several phosphine ligands were screened and DavePHOS
proved to be the most effective.13 Dimethylformamide (DMF)
was the optimal solvent. It was found, as withsp2 aryla-
tion, that carbonate bases were required and subsequently
Cs2CO3 gave the best yields. At 125°C, the reaction was
found to work equally well with aryl bromides and aryl
chlorides, whereas aryl iodides gave slightly poorer results.
The reaction temperature using aryl chlorides could be
lowered to 70°C without a significant effect on the yield.
Indeed, it was found that at 70°C the results with aryl iodides
were improved, although aryl chlorides remained the best
substrates. In addition, under the optimized conditions no
sp2 arylation was observed via NMR.

The scope of the reaction was next investigated using
various aryl chlorides (Table 1). Under the optimized reaction
conditions [1a (1.1 equiv), Pd(OAc)2 (5 mol %), DavePHOS

(12 mol %), Cs2CO3 (3 equiv), DMF, 70°C] chlorobenzene
(1 equiv), afforded the 2-benzyl-N-iminopyridinium ylide1a
in 86% isolated yield. Both electron-rich (entries 2-5) and
most electron-poor (entries 6-11) substrates are compatible
under the reaction conditions. 2-Chlorotoluene (2b) gave a
good yield of the arylated product showing that sterically
hindered aryl chlorides do not inhibit the reaction. However,
lower yields are observed with an electron-withdrawing
substituent ortho to the halide (entry 6). The lower yields
are attributed to unreacted starting material and not side
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Table 1. Palladium-Catalyzedsp3 Arylation of
N-Iminopyridinium Ylide with Aryl Chloride Derivativesa

a Reaction conditions:1a (1.1 equiv),2 (1.0 equiv), Pd(OAc)2 (5 mol
%), DavePHOS (12 mol %), Cs2CO3 (3 equiv), DMF (0.8 M), 70°C, 16
h. b Yield of isolated product.
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products. In addition, nosp2 arylation was observed in any
case.

We next explored the scope of the 2-substitutedN-imino-
pyridinium ylide coupling partner1 (Table 2). Although the

2,3- and 2,5-dimethyl pyridines are electronically equivalent,
the 2,3-dimethyl substrate resulted in significantly higher
yield of product. This was surprising due to the extra steric

encumbrance of the 2,3-dimethyl substrate. Furthermore,
2-ethyl pyridinium ylides were found to undergo selective
arylation at the benzylic position in good yields, again with
no noticeable arylation at thesp2 center. This can be reasoned
due to the higher relative acidity of these benzylic protons
as well as the kinetic preference for the formation a
5-membered palladacycle intermediate involving the ylide
nitrogen during the course of the reaction.

It was also possible to arylate twice at thesp3 center.14

Upon the addition of 2.2 equiv of chlorobenzene the di-sp3

arylated product was obtained in 72% yield.

In conclusion, we have developed a new method for the
selectivesp3 arylation of 2-substituted-N-iminopyridinium
ylides with various aryl chlorides. This further demonstrates
the synthetic use of these pyridinium ylides. Applications
and mechanistic insights to the novelsp3 C-H insertion will
be reported in due course.
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(14) The di-arylated product is formed as a side-product in some cases.

Table 2. Arylation of OtherN-Iminopyridinium Ylidesa

a Reaction conditions:1a (1.1 equiv),2 (1.0 equiv), Pd(OAc)2 (5 mol
%), DavePHOS (12 mol %), Cs2CO3 (3 equiv), DMF (0.8 M), 70°C, 16
h. b Yield of isolated product.

Org. Lett., Vol. 10, No. 8, 2008 1643


