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Microwave-enhanced Sonogashira coupling reaction of
substituted pyrimidinones and pyrimidine nucleosides
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Abstract—Direct microwave-enhanced Sonogashira coupling of several pyrimidinones and uridine with alkynes, PdCL,(PPh,),,
Et;N and Cul to give the corresponding S-alkynyl derivatives is described.
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Many nucleoside analogues substituted at the C-5 posi-
tion of the heterocycle, especially those in the 2'-
deoxyuridine series, are known to have potent
biological properties and have been investigated as
antiviral and anticancer agents.> During our studies
on the synthesis of antiviral compounds with a pyrim-
idine nucleus,® 5-iodinated compounds* were found to
be important synthetic intermediates in the formation
of new carbon—carbon or carbon-heteroatom bonds via
replacement of their iodine atom with electrophiles.’
Since C-5 iodinated compounds can be efficiently and

rapidly prepared from inexpensive starting materials
using a microwave-assisted methodology recently devel-
oped in our laboratories,* electrophilic substitution of
iodine was investigated with the aim of synthesizing
new C-5 substituted pyrimidinones and pyrimidine
nucleosides as potential antiviral and anticancer agents.

Several groups have described methods, for the palla-
dium-catalyzed coupling of olefins with 5-iodo deriva-
tives of uracil based on the pioneering studies of Heck;®
Bergstrom’ was the first to report useful procedures for
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this carbon—carbon bond formation at C-5. Others have
since described C-5 couplings based on these
precedents, 2811

According to traditional methods alkynyl derivatives
can be obtained in good yields starting from 5-iodi-
nated pyrimidinone derivatives using classical Sono-
gashira coupling conditions,> after protection at N-1 or
the 2-4 positions of uracils; when the reaction is carried
out on nucleosides full protection of the sugar hydr-
oxyls is required.?*!'%1>-1* We therefore decided to study
the cross-coupling reaction of a series of unprotected
pyrimidinones, pyrimidinethiones and uracils with an
alkyne using standard Sonogashira coupling condi-
tions.>® In a first approach (Scheme 1), compounds
la—c (0.2 mmol)* were coupled with propargyl alcohol
(0.6 mmol) in DMF solution in the presence of Et;N
(0.4 mmol), PdCI,(PPh;), (0.02 mmol), and Cul (0.06
mmol) at room temperature. Under these conditions
the expected alkynyl derivatives 2a—c could neither be
isolated nor detected and 3a—c were obtained in moder-
ate yields (Table 1, Method A)."> Compounds la-—¢
reacted smoothly while 1d did not react at all. Chang-
ing the reaction conditions (i.e. temperature, time or
catalyst) did not improve the yields.

Reaction of a different alkyne, namely (trimethyl-
silyl)acetylene, with 1a afforded alkynyl derivative 4 in
poor yield (Table 1, Method A), the same reaction with
1d to give 6 failed.

Microwave activation as a non-conventional energy
source is becoming a very popular and useful technique
in organic chemistry, as demonstrated by the rapidly
growing number of annual publications on this topic.'®!°
The combination of solvent-free reaction conditions
and microwave irradiation leads to significantly
reduced reaction times, enhanced conversions and,
sometimes, higher selectivity, with several advantages
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Recently, Leadbeater?! and Kabalka?® have described
microwave-enhanced Sonogashira coupling for aro-
matic compounds, but to the best of our knowledge
microwave-assisted cross-coupling of uracils and related
nucleosides has never been reported. Consequently, the
possibility of exploiting microwave radiation as a
means to improve the efficiency of these cross-coupling
reactions was investigated.

In a typical experiment (Scheme 1), compounds la-h
(0.2 mmol) were mixed with DMF (1 ml), the appropri-
ate alkyne (0.6 mmol), Et;N (0.4 mmol), PdCL,(PPh,),
(0.02 mmol), Cul (0.06 mmol) and irradiated with
microwaves for 5 min at 40°C.2 After removing
volatiles in vacuo, the solid residue was dissolved in a
CH,CIl,/MeOH (1:1) solution and stirred at room tem-
perature for 30 min in the presence of AMBERLITE®
IRA-400 (Cl) ion-exchange resin. After filtration and
evaporation of the solvent, the solid was purified by
flash chromatography to provide 3a—¢!° and 4-11 as
pure compounds in 48-82% yields (Table 1, Method
B).24

It is worth noting that not only pyrimidinones 1a—¢, but
also uracils 1d-h could be efficiently coupled with alky-
nes under microwave irradiation (Table 1). Coupling
reactions with propargyl alcohol afforded the bicyclic
compounds 3a—c in good yields and no alkynyl deriva-
tives were detected. Similar results were obtained also
using DIPEA instead of TEA which is supposed to
increase the conversion rate of the alkynyl derivative
into the cyclic product.'!*

Only with the use of a different alkyne was it possible
to obtain the alkynyl derivatives 4-11. This methodol-
ogy has also been applied to uridine 1h, which was
transformed into the corresponding 5-alkynyluridine 11
in 70% yield with no need for protection of the sugar

for the eco-friendly approach, termed green hydroxyls as reported in the literature for similar
chemistry.? compounds.'>
Table 1. Cross-coupling and reaction yields
Starting material Compd X R R’ R” Yield (%) Mp (°C) (lit.)
Method A Method B
la 3a CH;0 H CH; - 40 80 118-121

4 CH:0O H CH, SiMe; 10 76 273-274

5 CH50 H CH, Ph - 65 129-132
1b 3b CH,S H CH;, - 43 82 127-130
1c 3c CH,S H H - 40 82 123-125
1d 6 OH H H SiMe, 0 52 273-275 (275-276)%

7 OH H H Ph - 65 124-127 (not reported)®®
le 8 OH H CH; SiMe, - 50 274-275 (not reported)'3
1f 9 SH H CH, SiMe, - 48 277-279
Ig 10 SH H H SiMe, - 48 272-274

HOA__o
1h 11 OH H Ph - 70 137-141

OH OH
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Table 2. Variation in catalysts and base

Starting Catalyst Base Products (%
pyrimidine yield)

la PdCl,(PPh,), Et;N 3a (80)

1a Pd(PPh,), Et;N 3a (69)

la PdCl,(PPh;), DIPEA 3a (81)

la PdCL,(PPh;), Et;N 4 (76)

la Pd(PPh,), Et;N 4 (69)

1d PdCL,(PPh;), Et;N 6 (52)

1d Pd(PPh,), Et;N 6 (47)

1d PdCL,(PPh;), DIPEA 6 (52)

PdCL,(PPh;), showed better catalyst properties than
Pd(PPh,),, which gave alkynyl derivatives in lower
yields (Table 2).!”

In conclusion, an efficient and extremely rapid method-
ology for the coupling of C-5 iodinated pyrimidinones,
uracils and uridine into the corresponding alkynyl
derivatives has been reported. The use of microwave
radiation afforded the coupling products in a few min-
utes and in good yield.

It is worth noting that no alkynyl derivatives were
detected using propargyl alcohol and only cyclic com-
pounds 3a—c could be isolated in high yield; only the
use of (trimethylsilyl)acetylene or phenylacetylene as
electrophiles allowed the preparation of alkynyl deriva-
tives 4-11.

Both alkynyl derivatives and cyclic compounds are
valuable synthetic intermediates'* and are endowed
with potential antiviral and anticancer activity; the
biological evaluation of some of the compounds we
have synthesized is in progress.
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