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Abstract—Palladium catalyzed facile method for alkenylation and alkynylation of arylhalides in good to excellent yield under

microwave condition is reported.
© 2007 Elsevier Ltd. All rights reserved.

In the history of organic chemistry, carbon—carbon
bond formation has always been one of the most useful
and fundamental reactions.! A significant research is
being done and reviews detail the progress of the metal
catalyzed C—C bond formation. A variety of transition
metal mediated C-C coupling reactions like Sonogash-
ira? and Heck coupling,® often known as Mizoroki-
Heck reaction, provided a powerful tool for C—C bond
formation. Unlike Heck coupling, palladium-copper
catalyzed reaction typically known as Sonogashira cou-
pling is carried out in the presence of catalytic amount
of palladium and Cu(I) to form a C—C bond.* However,
drawback of this reaction is the dimerization of terminal
alkyne, forming corresponding diyne as a byproduct.?3
Cul in the presence of excess base plays an important
role in oxidative homocoupling of terminal alkynes,®
limiting the original Sonogashira coupling conditions.
However, many modified Palladium catalysts have been
discovered in order to overcome this difficulty.” Pal
et al.® published a regioselective copper free Palladium
catalyzed coupling using DMF as the solvent. Santelli
and co-workers’ used new ligand ‘Tedicyp’ to get a
stable palladium catalyst. To the best of our knowledge,
very few reports on the coupling of aryl halides and o—
unsaturated aldehydes and alcohols have been pub-
lished, mainly due to the polymerization of starting
material. Attempts have been made for arylation of
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acrolein by using LiPdCl3** and a phase transfer catalyst
(PTC).!° However, masking of aldehydes and alcohols
could be the best way to overcome the polymerization.
Recently Cacchi and co-workers'! reported a multicom-
ponent palladium catalyzed coupling of aryl iodides and
bromides with acrolein diethyl acetal to get cinnamalde-
hydes. Instead of aryl halides, dimethyl phenyl silanol
can also react with acrolein in the presence of stoichiom-
etric amount of Pd(OAc), to afford cinnamaldehydes.
Ishii!? very recently reported a Pd catalyzed direct cou-
pling of benzene with acrylates using molybdovanado
phosphoric acid (HPMoV) to suppress the polymeriza-
tion. Attempts'? have also been made to synthesize cinn-
amaldehydes by using the same catalyst by reacting
benzene with acrolein. However, suppressing the poly-
merization could not be achieved, resulting in partial
success in obtaining the desired cinnamaldehydes.
Although substantial improvements in reaction condi-
tions have been done in all methods mentioned above
to achieve desired C-C coupling, factors such as vari-
able amounts of different types of palladium catalysts,
oxidative homocoupling, polymerization as well as
undesired byproducts show that the process still needs
further improvement in reaction conditions. In the past
few years, heating and driving chemical reactions by
microwave (MW) energy has been an increasingly pop-
ular theme in the scientific community. The main bene-
fits of performing reactions under microwave conditions
are the significant rate enhancements and the higher
product yields that can be frequently observed.!* Reac-
tion rate improvement could be explained considering
the higher and more rapid temperature homogeneity
reached employing MW than using conventional
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heating sources.!> In MW assisted reactions molecules
are directly kinetically/thermally activated, conversely
in conventional heating methods vessel is heated and
this then transfers the heat by convection.'®

As an extension of our ongoing efforts towards the
development of new S-DABO derivatives and in view
of more extensive functionalizations of the sulphur atom
on the thiopyrimidinone scaffold (via a microwave as-
sisted Mitsunobu reaction), the synthesis of several cinn-
amaldehydes and phenylpropynyl alcohols was
performed (Fig. 1).

A novel class of S-DABO derivatives was synthesized as
non-nucleoside reverse transcriptase inhibitors (NNR-
TIs).!7 Starting from previous work reported by Cacchi
and co-workers,!! some interesting results were obtained
by slightly modifying the original procedure. The previ-
ously reported process is high yielding and involves mul-
ti component reagents like "BuyNOAc, KCl and K,COs.
Nevertheless the PTCs are often highly hygroscopic and
our attempt of using wet PTC failed to get the desired
cinnamaldehydes, showing the limitation of the process.
We report here a very straightforward and general meth-
od for the synthesis of palladium catalyzed C-C cou-
pling using Pd(OAc),, K,CO;, protected alkenes or
alkynes and aryl halides in DMF to yield aryl alkenes
or aryl alkynes, respectively, in very good yield with
hardly any side reactions. Differently from Cacchi’s pro-
cedure, due to the strong microwave absorbing capacity
of palladium and being encouraged to transfer the syn-
thesis in microwave, we found that the hygroscopic
"BuyNOAc (PTC) is not required in the presence of
highly polar solvent (DMF) and KCI is not required
as well in the presence of a base (K,CO3) (Scheme 1).

z Y= OCH3, NO,, CN, N(CH3),
Z= OCH3, N02, CN

Figure 1.
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Scheme 1.

Table 1. Synthesized derivatives 1(a—i) and 2(a—c)
Entry  Aryl halide MW cycles (10 min) ~ Yield (%)

1a CeHs-1 1 87
b p-MeO-CgH, 1 2 83
Ie P-0,N-CeH, T 1 76
1d p-(CH3)2N*C(,H4*BI‘ 2 81
Te p-CN-CgH,-1 1 69
1f p-EtOOC-CcHy4-1 1 94
lg p-C6H57C6H471 2 79
Ih  p-Cl-CgHy Br 1 87
1i p-C6H5C07C6H4*I 2 73
2a p—MeO—C(,H4—I 1 87
2b p-02N7C6H4fI 1 89
2¢ p-CN—C(,H4—I 1 95

To the best of our knowledge a very few reports have
been published that comprise alkene as well as alkyne
aryl C-C bond formation under microwave condi-
tions.'® Further more, our process is also applicable
for the generation of aryl alkenes as well as aryl alkynes
without the use of Cul. The improved method is a cost
effective and robust general method of synthesis for C-C
bond formation in very short reaction times. Substituted
aryl alkenals and aryl alkynols were prepared in a
straightforward fashion wusing microwave reactor
(MW) allowing the desired compound to be obtained
in good yields. Moreover, the conventional mode of
heating takes around 1.5-8.0 h to complete the reaction
while in the MW reactor the reactions could be com-
pleted in 10-20 min."?

As reported in Table 1 many important functional
groups are well tolerated. By taking into account the
numbers of cycles, different electron donating groups
need two 10 min microwave irradiation cycles, while
only one cycle is required for strong electron withdraw-
ing groups.

In none of the reactions starting material was present at
the end of the irradiation cycle(s). Reported low yields
could be due to the formation of side products, but these
were not isolated because present in very small amount.
Acrolein acetals and protected phenyl propargyl alcohol
were used to avoid the polymerization problems, in fact,
polymerization byproducts were not observed. In all
cases, a significant rate-enhancement using MW flash
heating as compared to thermal heating was observed.

From a synthetic point, this is a very useful, cost effec-
tive and robust general method for the synthesis of var-
ious aryl olefins as well as aryl acetylenes that are very
useful building blocks in medicinal chemistry, affording
the desired products in excellent yields, good purity and
reducing the reaction times required by other reported
experimental procedures.
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Microwave reactions were conducted using a CEM
Discover Synthesis Unit (CEM Corp., Matthews, NC).
The machine consists of a continuous focused microwave
power delivery system with operator-selectable power
output from 0 to 300 W. The reaction was performed in
glass vessels (capacity 10 mL) sealed with septum. The
pressure was controlled by a load cell connected to the
vessel. The temperature of the contents of the vessel was
monitored using a calibrated infrared temperature control
mounted under the reaction vessel. All experiments were
performed using a stirring option whereby the contents of
the vessel are stirred by means of a rotating magnetic plate
located below the floor of the microwave cavity and a
Teflon-coated magnetic stir bar in the vessel. General
procedure for the synthesis of cinnamaldehydes (1a—i): To a
stirred solution of p-substituted iodo/bromobenzene
(0.100 g) in dry DMF (2 mL) in a sealed vessel was added
acrolein diethyl acetal (3 equiv), K,CO;5 (1.5 equiv) and
Pd(OAc), (3 mol %) under Argon atmosphere at room
temperature. The reaction mixture was then irradiated at
90 °C for 10 min (in some cases 2 cycles are required, see
Table 1). After cooling the reaction mixture was cautiously
poured into 2 N HCI aqueous solution and left under
magnetic stirring for 10 min. The aqueous layer was then
extracted using diethyl ether and the organic layer was
dried over sodium sulphate and concentrated under
reduced pressure. The residue was purified by column
chromatography using appropriate eluent. General proce-
dure for the synthesis of phenylpropynyl alcohols (2a—c): To
a stirred solution of p-substituted iodobenzene (0.100 g) in
dry DMF (2mL) in a sealed vessel was added propargyl
trimethyloxy silane (3 equiv), K,CO; (1.5equiv) and
Pd(OAc), (3 mol %) under Argon atmosphere at room
temperature. Then the reaction mixture was irradiated at
90 °C for 10 min. After cooling, distilled out of DMF at
50-55°C under vacuum. Water was added and the
reaction mixture was extracted twice with ethyl acetate,
then the organic layer was dried with sodium sulphate and
evaporated to dryness under reduced pressure. To the
residual mass diethyl ether was added and stirred at room
temperature for 45 min. The precipitated pure product
was filtered, washed with chilled ether and dried under
vacuum.
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