
Tetrahedron Letters 52 (2011) 1738–1741
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Sonogashira reaction on pyridinium N-heteroarylaminides

Marta Córdoba, M. Luisa Izquierdo, Julio Alvarez-Builla ⇑
Departamento de Química Orgánica, Universidad de Alcalá, 28871 Alcalá de Henares, Madrid, Spain

a r t i c l e i n f o a b s t r a c t
Article history:
Received 23 December 2010
Accepted 24 January 2011
Available online 1 February 2011

Dedicated to Professor Carmen Nájera on
the occasion of her 60th birthday

Keywords:
Pyridinium N-aminides
Sonogashira
Microwaves
DABCO
0040-4039/$ - see front matter � 2011 Elsevier Ltd. A
doi:10.1016/j.tetlet.2011.01.121

⇑ Corresponding author. Fax: +34 91 885 46 86.
E-mail address: julio.alvarez@uah.es (J. Alvarez-Bu

N
N N

+

Het

1

The reactivity of N-(5-iodopyridin-2-yl)aminide in a copper-free Sonogashira cross-coupling process is
reported. The reaction proceeds on using PdCl2(PPh3)2 and DABCO as the base under microwave irradia-
tion in acetonitrile or water as solvents. The process can also be carried out by traditional heating in ace-
tonitrile on using Pd(AcO)2/DABCO with Cs2CO3.

� 2011 Elsevier Ltd. All rights reserved.
The Sonogashira cross-coupling reaction of terminal acetylenes
with aryl/alkenyl halides or triflates has proved to be a powerful
method for the creation of C(sp2)–C(sp) bonds.1 This methodology
has growing applications in diverse areas of chemistry, such as in
heterocyclic systems,2 natural product3 synthesis and material sci-
ences, allowing access to organic semiconductors4 and to macrocy-
cles for nanostructures.5

For several years, part of our research programme has been de-
voted to the study of pyridinium heteroaryl-stabilized aminides 1
(Fig. 1), compounds that have proven to be useful intermediates
in heterocyclic synthesis due to their particular structure, in which
a positively charged pyridinium ring is linked to a negatively
charged 2-aminoheteroaryl moiety.6 The heteroaryl ring of N-azinyl
pyridinium aminides 1 (Fig. 1) is activated towards electrophiles
and, as a result, mono- and di-halogenation process can be accom-
ll rights reserved.
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plished easily and in a selective manner at the 5- and 3-positions of
the azine ring.6b On the other hand, a regioselective N-exoalkylation
of heteroaryl-stabilized aminides 1, followed by reduction of the
N–N bond, allows the preparation of 2-alkylaminoazines6c,d and
N-(2-pyridyl)-substituted polyamines.6e,f

In previous communications we reported the success of the Su-
zuki cross-coupling reaction on mono- and dibrominated aminides
2 and 3 (Fig. 1) under standard conditions, which resulted in the
regioselective synthesis of 3,5-disubstituted 2-aminopyridines
and 2-aminopyrazines 4 and 5.7 In this Letter, we report the preli-
minary results obtained in the Sonogashira cross-coupling reaction
of halogenated aminides with terminal alkynes.

Taking into account the good results obtained with the bromi-
nated aminides 2 and 3 in the Suzuki reaction, N-(5-bromopyri-
din-2-yl)pyridinium aminide 2a was initially used as a model
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Table 1
Comparative yields for the synthesis of compounds 8a–k

Entry R Methoda Reaction time Product Yieldb (%)

1 –Si(Me)3 C 10 min 8a 46
2 –Si(iPr)3 A

B
C

24 h
48 h
10 min

8b 48
30
36

3

S

A
C
D

24 h
10 min
20 min

8c
27
75
34

4

A
B
C
D

24 h
24 h
10 min
20 min

8d

45
66
69
77

5

Me

A
B
C
D

24 h
48 h
10 min
20 min

8e

25
19
68
74

6

OMe

A
B
C
D

48 h
48 h
10 min
15 min

8f

25
51
49
57

7

CF3

A
C
D

24 h
10 min
20 min

8g
30
60
50

8

CF3

CF3

A
C
D

48 h
10 min
20 min

8h
15
40
19

9

HO

A
C
D

48 h
15 min
20 min

8i
9
47
83

10

NH2
A
C

48 h
10 min

8j
21
57

11
N

Me

Me C
D

10 min
20 min

8k
30
42

a Methods: (A) N-(50-iodopyridin-20-yl)pyridinium aminide (0.24 mmol), acetylene (0.48 mmol), DABCO (1.43 mmol) and Pd(AcO)2 (5 mol %) in dry acetonitrile at 40 �C. (B)
N-(50-iodopyridin-20-yl)pyridinium aminide (0.24 mmol), acetylene (0.48 mmol), caesium carbonate (1.43 mmol), DABCO (10 mol %) and Pd(AcO)2 (5 mol %) in dry aceto-
nitrile at room temperature. (C) N-(50-iodopyridin-20-yl)pyridinium aminide (0.07 mmol), acetylene (0.14 mmol), DABCO (0.42 mmol) and PdCl2(PPh3)2 (5 mol %) in aceto-
nitrile at 60 �C using MW. (D) N-(50-iodopyridin-20-yl)pyridinium aminide (0.07 mmol), acetylene (0.28 mmol), DABCO (0.42 mmol) and PdCl2(PPh3)2 (10 mol %) in water at
70 �C using MW.

b Yields described for isolated pure product.
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Scheme 1.
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compound to carry out the palladium-catalyzed cross-coupling
reaction with triisopropylsilylacetylene (TIP-SA) or 4-ethynylani-
sole as alkynylation agents. Initially, a classical catalytic system
[CuI/Pd2Cl2(PPh3)2 and Et3N as base in DMF or Et3N as solvents]
that proved useful with bromoquinolizinium salts8 was tested over
a range of temperatures from 80 �C to room temperature. However,
this system did not give the desired product and the starting mate-
rial was recovered. Negative results were also obtained when sim-
ilar conditions to those suitable for the Suzuki coupling on 2a were
employed [CuI/Pd(Ph3P)4/K2CO3 in toluene/ethanol at different
temperatures]7 and the same results were found when these con-
ditions were applied to the more electron-deficient aminide 2b.

One of the most important modifications of the initial
Sonogashira reaction conditions involved the use of an alternative
to CuI, not only due to its presence as a potential contaminant
that is difficult to remove but also because it enhances the forma-
tion of the undesired homocoupling by-products of the terminal
alkyne.1e,f In contrast, 1,4-diazabicyclo[2.2.2]octane (DABCO), an
unhindered and nucleophilic base, proved to be a highly efficient
and inexpensive ligand for the Pd-catalyzed cross-coupling reac-
tion.9,10 Li et al., reported the use of catalytic amounts of DABCO
as a ligand in combination with palladium acetate and K2CO3 or
Cs2CO3 as the base in the copper-free Sonogashira cross-coupling
reaction.9 The same authors also used DABCO as a base, in large ex-
cess, for the coupling of aryl iodides to phenylacetylene on finding
that the use of CuI had an adverse effect.10a Recently, DABCO was
found to act as catalyst in metal/solvent- and phosphane-free
Sonogashira coupling of iodoarenes.10b

The use of DABCO as base (3 equiv) in the coupling between 2a
and TIPSA in acetonitrile at 50 �C, with Pd(OAc)2 as a catalyst, gave
only traces of 8b in the reaction mixture. The best result (36%
yield) was obtained on using 8 equiv of base.

The heteroaryl ring of N-azinyl pyridinium aminides 2 (Fig. 1) is
deactivated (electron rich) for the cross-coupling alkynylation due
to the electron-releasing effect of the exocyclic nitrogen. Given this
knowledge, and bearing in mind that Sonogashira coupling takes
place more efficiently with iodinated than brominated heteroare-
nes, we decided to assess the cross-coupling of N-(5-iodopyridin-
2-yl)pyridinium aminide 66a and phenylacetylene. The best results
(45% yield) were obtained on using a 1:2:6 ratio of aminide/phen-
ylacetylene/DABCO in dry acetonitrile as the solvent at 40 �C and
Pd(AcO)2 (5 mol %) as the catalyst. Medium-to-low yields of the
coupled aminides 8 (<50%) were obtained after 24 h (or 48 h) on
applying these conditions (method A)11a to other terminal acety-
lenes (see Table 1). The use of DABCO as a ligand (10 mol %) with
Pd(AcO)2 (5 mol %) and Cs2CO3 (6 equiv) as the base at room tem-
perature afforded better results for compounds 8d and 8f, but had
a negative effect on the reaction yields of alkynyl aminides 8b and
8e (see Table 1, method B).11b

The ability of microwaves (MW) to shorten reaction times and
to increase product purities and reaction yields has been well doc-
umented and this technique can often make otherwise unsuccess-
ful processes possible.12 This procedure can also be applied to
Sonogashira cross-coupling reactions, for which polar solvents
and microwave activation have often been employed.13 Bearing
in mind the advantages of MW-assisted organic synthesis outlined
above, we envisaged that the use of this technique could improve
the coupling on the iodinated aminide 6. Several tests were per-
formed to find the best temperature and reaction time in the
cross-coupling with p-methoxyphenylacetylene on employing the
catalyst, base and solvent used in method A and also with the same
ratio of reactants. The nature of the palladium source is known to
have an influence on certain Pd-mediated processes and, as a
result, the catalyst PdCl2(PPh3)2, which is widely used in Sonogash-
ira cross-couplings,13 was assessed.
Preliminary results obtained on raising the temperature from
40 to 80 �C showed that the best yields of 8f were obtained at
60 �C. In contrast, changes in the reaction time from 10 to 20 min
did not improve reaction yields. The catalyst PdCl2(PPh3)2 was bet-
ter than Pd(OAc)2 and led to an increase in the yield by 10%. Under
our optimal conditions (5% PdCl2(PPh3)2, 6 equiv. DABCO) the
Sonogashira cross-coupling was performed with the iodinated
aminide 6 and various acetylenes under microwave irradiation at
60 �C in acetonitrile with a reaction time of 10 min (see Table 1,
method C).14 The yields of alkynyl aminides 8 were higher (with
the exception of 8b) than those obtained on using method A but
yields were still only moderate. It is necessary to point out that
unreacted starting material was recovered in all the experi-
ments—with the amount recovered depending on the particular
reaction. Eventual complexation of palladium by some of the final
acetylenic reaction products1f and the high electron density in the
pyridine ring of iodinated aminide 6 may explain why the conver-
sion was not fully achieved.

Water has been recognized as an attractive medium for organ-
ic reactions15 not only from environmental and economic points
of view but also because other solvents do not have to be dried
and products can be easily isolated. In recent years many proto-
cols for Sonogashira coupling reactions in neat water16 or in
aqueous/organic17 solvents have been reported. The study of the
alkynylation of aminide 6 was completed by using water as the
solvent instead of acetonitrile (Scheme 1). A screening of temper-
atures in the range 60–100 �C and reaction times of 10–25 min
was performed in the coupling between p-methoxyphenylacety-
lene and aminide 6. It was found that after 15 min at 70 �C com-
pound 8f was obtained in 57% yield. On extending the method to
other acetylenes the reaction time was increased to 20 min.
Slightly better yields of aminides 8 were obtained on using meth-
od D18 rather than method C—with the exception of 8c, 8g and
8h, where more by-products were detected in the reaction
mixture.

The problems associated with the industrial use of Pd-processes
concern the cost and the tedious recovery of the metal and this has
encouraged the use of copper-based catalysts as an alternative.19

Chen et al., reported a palladium-free copper-catalyzed cross-
coupling reaction of aryl iodides and terminal acetylenes under
microwave irradiation in neat water.19a We attempted to apply
similar conditions for the coupling between aminide 6 (1 equiv)
and phenylacetylene (1.5 equiv) in the presence of TBAB (1 equiv),
CuI (10 mol %), PPh3 (10 mol %) in a MW-assisted process at 120 �C
for 20 min in neat water. However, 8d was not observed in the
reaction mixture and only 2-phenylethynylpyridine was identified.
The same result was obtained on increasing the amount of base or
the reaction time. This result is consistent with the greater prefer-
ence of the copper acetylide intermediate for the electron-deficient
2-position of the pyridinium ring over the ‘electron-rich’ pyridine
heterocycle.

In conclusion, we had developed a general method for the
palladium-catalyzed, copper-free cross-coupling reactions of the
non-activated N-(5-iodopyridin-2-yl)pyridinium aminide and ter-
minal acetylenes under microwave irradiation, using acetonitrile
or water as solvents and DABCO as the base. Efforts to improve
the yields of the alkynylated products and to expand the scope of
the Sonogashira-type reactions to other aminides are now in pro-
gress in our laboratory.
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