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Pd-Catalyzed Cross-Coupling Reactions with Carbonyls: Application in a
Very Efficient Synthesis of 4-Aryltetrahydropyridines

Jos, Barluenga,* Mar1a Tom3s-Gamasa, Patricia Moriel, Fernando Aznar, and
Carlos Vald,s*[a]

Palladium-catalyzed couplings are very powerful tools for
the formation of C�C linkages.[1] A typical cross-coupling
reaction involves the combination of an electrophile with a
nucleophile in the presence of a metal catalyst. The classical
nucleophilic components are organometallic reagents de-
rived from, for example, magnesium,[2] boron,[3] silicon,[4]

tin,[5] and zinc,[6] whereas the electrophiles are generally or-
ganic halides or sulfonates. Thus, a prerequisite for introduc-
ing an organic fragment by a cross-coupling reaction is its
conversion into either the nucleophilic or the electrophilic
component. In many cases, multistep, expensive, and mois-
ture-sensitive processes are involved in these transforma-
tions.
In the recent years, important advances in the develop-

ment of novel cross-coupling processes that do not require
stoichiometric organometallic reagents, such as C�H activa-
tion reactions,[7] a-arylations of carbonyl compounds,[8] and
decarboxylative cross-coupling reactions[9] have been dis-
closed.
In this context, we have recently uncovered a new Pd-cat-

alyzed C�C bond-forming reaction that employs N-tosylhy-
drazones as nucleophilic coupling partner, eliminating the
need of a stoichiometric amount of an organometallic re-
agent.[10] Since then, we have initiated a research program to
evaluate the synthetic potential of this novel reaction. We
identified 4-aryltetrahydropyridines 2 as ideal synthetic tar-
gets for our methodology. The 4-arylpiperidine scaffold is an
important structure for medicinal chemistry,[11] which is pres-
ent in a vast number of biologically active and therapeutical-

ly useful molecules, and is continuously employed in drug
discovery programs.[12,13–18] 4-Aryltetrahydropyridines have
been synthesized by different approaches starting from com-
mercially available 4-piperidones. In the last few years, Pd-
catalyzed cross-couplings have become the method of
choice (Scheme 1).[14–18] Two different strategies are possible:

i) conversion of the ketone into the electrophilic coupling
partner (alkenyl iodide, enol sulfonate), which can be cou-
pled with an organometallic reagent such as boronic acid,[14]

or an stannane,[15] ii) preparation of a vinyl organometallic
reagent from the 4-piperidone,[16] followed by cross-coupling
with an aryl halide.[17–19] Both approaches require several
synthetic steps from the commercially available 4-piperidone
and proper protection of the piperidone N�H group.
In a first run we selected the hydrazone 3a derived from

N-butyloxycarbonylACHTUNGTRENNUNG(N-Boc)-protected 4-piperidone 1a and
applied the reaction conditions previously reported towards
4-bromotoluene (Scheme 2). A very frustrating result was
obtained. The tetrahydropyridine 4a, which resulted from
the thermal degradation of the tosylhydrazone, was obtained
as the major product, accompanied by only 15% yield of
the desired coupling product 2a (Scheme 2). Several optimi-
zation experiments, with variation of the ligand, base, reac-
tion conditions, and catalyst loading, were performed, but
we were not able to drive the reaction to useful conversions.
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Scheme 1. Standard methods for the synthesis of 4-aryltetrahydropyri-
dines 2 from 4-piperidones 1 by cross-coupling processes.
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We then moved to N-alkyl-substituted 4-piperidones. De-
lightfully, when the reaction of the tosylhydrazone 3b (R=

Et) was treated with 4-bromotoluene, in the presence of
[Pd2ACHTUNGTRENNUNG(dba)3], XPhos, and LiOtBu in dioxane at 110 8C, the
desired coupling product 2b was cleanly obtained in nearly
quantitative yield. This time only traces of the tetrahydro-
pyridine 4b, derived from the decomposition of the tosylhy-
drazone, were detected (Scheme 2). After some experimen-
tation we found that the optimal conditions for this transfor-
mation required 2% mol Pd, a 2:1 ligand/Pd ratio, and 2.3
equivalents of LiOtBu.
Tosylhydrazones 3 are formed by mixing in a solvent to-

sylhydrazine with 4-piperidones 1. Thus, we decided to in-
vestigate whether it might be possible to carry out the cou-
pling reaction starting directly from the piperidone 1 and
the tosylhydrazine, and generating the hydrazone 3 in situ,
in a multicomponent fashion. Indeed, the multicomponent
process provided the coupling product 2b in similar yield to
that obtained from the preformed hydrazone 3b. Products
derived from undesired side reactions, such as ketone a-ary-
lation[8a,b] or tosylhydrazine N-arylation were not observed.
These reaction conditions were applied to an array of aryl

halides (Table 1). We found that the reaction is general for
substituted bromo- and chlorobenzene (Table 1, entries 2, 3,
6) derivatives, bearing electron-donating (Table 1, entries 3,
6) and electron-withdrawing groups (Table 1, entry 5).
Moreover, o-substitution is also tolerated, as seen in the
coupling reaction of bromomesitylene (Table 1, entry 7). As
expected, the reaction with p-chlorobromobenzene gives
rise exclusively the 4-chlorosubstituted derivative (Table 1,
entry 4). The reaction proceeds equally efficiently with aro-
matic heterocycles, both p-exceeding (Table 1, entries 8 and
9) or p-deficient (Table 1, entry 10). Noteworthy, 5-bromoin-
dole was successfully coupled without protection of the N�
H group (Table 1, entry 11).
Interestingly, excellent results were also obtained with N�

H unprotected 4-piperidone (Table 1, entries 12–16). The
possible competitive Pd-catalyzed N-arylation was not ob-
served at all. These reactions are slower and in some cases
required an increase in the catalyst loading to achieve com-
plete conversion (Table 1, entries 14-16). Nevertheless, this
is clearly an important advance, since it eliminates the need
for a deprotecting step.

Moreover, the use of dry solvents or an inert atmosphere
is not required for the coupling reaction. The same yields
are obtained when the reactions are carried out in reagent
grade dioxane under air as when the reactions are carried
out in dry solvent under an Ar atmosphere. From a practical
point of view, in this transformation a ketone is employed as
a nucleophilic cross-coupling reagent, with no previous syn-
thetic modification, only the addition of tosylhydrazine to
the reaction medium.
These results prompted us to extend the one-pot process

to other carbonyl compounds. Some preliminary examples

Scheme 2. Cross-coupling reaction of the tosylhydrazones 3 with p-bro-
motoluene: Influence of the N-protecting group.

Table 1. Synthesis of 4-aryltetrahydropyridines 2 from 4-piperidones 1.[a]

Entry R Ar�X t [h] Compd 2 Yield[b,c]

1 Et R’=Me, X=Br 5 2b 81
2 Bn R’=Me, X=Cl 5 2c 93
3 Bn R’=OMe, X=Cl 6 2d 99
4 Bn R’=Cl, X=Br 8 2e 98

5 Bn 7 2 f 98

6 Bn 12 2g 97

7 Bn 7 2h 92

8 Bn 5 2 i 92

9 Et 5 2j 90

10 Bn 6 2k 99

11 Et 5 2 l 83

12 H 19 2m 94

13 H 12 2n 90

14[d] H 12 2o 93

15[d] H 15 2p 70

16[d] H 24 2q 76

[a] Experimental conditions: piperidone 1, 1 mmol, TosNHNH2, 1 mmol,
ArX, 1 mmol, [Pd2 ACHTUNGTRENNUNG(dba)3], 1% mol, Xphos, 4% mol, LiOtBu, 2.3 equiv
dioxane, 110 8C. [b] Yield of isolated product. [c] XPhos: 2-dicyclohexyl-
phosphino-2’,4’,6’-triisopropylbiphenyl. [d] [Pd2 ACHTUNGTRENNUNG(dba)3], 2% mol and
XPhos, 8% mol.
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are presented in Table 2. In all the cases studied, the substi-
tuted olefins 6 are obtained directly from the carbonyl com-
pounds 5 in very high yields. Like in the reaction with 4-pi-
peridones, a-arylation products were never detected. In
terms of scope and stereoselectivity, the results are compara-
ble to those obtained previously for the reaction with pre-
formed tosylhydrazones.[10] For instance, cyclic (Table 2, en-
tries 3, 4) and acyclic (Table 2, entries 1, 2, 5) ketones can
participate in the reaction. Moreover, very good results
were obtained also with aldehydes (Table 2, entries 6–9).
The reactions of 3-phenylpropanal are noteworthy (Table 2,
entries 6, 7). Linear aldehydes are prone to suffer aldol con-
densation; however, in the presence of tosylhydrazine the
only products obtained are the trans olefins 5 derived from
the cross-coupling reaction.
In summary, we have presented an extremely efficient

methodology for the preparation of 4-aryltetrahydropyri-
dines, which are very important building blocks in medicinal
chemistry, by a novel Pd-catalyzed cross-coupling reaction
that employs a tosylhydrazone as the nucleophilic coupling
partner, with no stoichiometric organometallic reagent
added. Importantly, the tosylhydrazone can be generated in
situ, which implies that 4-piperidones can be directly em-

ployed in the cross-coupling re-
action, providing the tetrahy-
dropyridines in very high
yields in most cases. Moreover,
N�H protection is not re-
quired, thus, enabling further
diversification of the 4-arylpy-
peridines. For all these reasons,
we believe that this reaction
will be of great use in drug dis-
covery programs. Finally, the
one-pot methodology has been
extended to other types of car-
bonyl compounds. Our prelimi-
nary results indicate that a va-
riety of off-the-shelf ketones
and aldehydes can be em-
ployed as nucleophilic coupling
partners in a process, which
does not involve stoichiometric
organometallic reagents, an
inert atmosphere, or dry sol-
vents, and which generates
very few residues. We are con-
vinced that the efficiency of
this transformation, in terms of
yield and availability of the
starting materials, may lead to
it becoming the method of
choice for the preparation of
different types of di- and tri-
substituted olefins, even at
large scale. Investigations on
the scope of this transforma-

tion are currently underway and will be reported in due
course.
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