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Abstract: The synthesis of sulfur-bridged bispyrimidines via cou-
pling of a halopyrimidine and pyrimidine thiolate anion has been
explored utilizing a palladium catalyzed cross coupling reaction.
Several reaction parameters including stoichiometry and choice of
solvent have been optimized. These reaction conditions have d-
lowed for the preparation of awide range of functionalized bispyri-
midines.
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Palladium catalyzed carbon-sulfur bond formation is of
synthetic interest, but relatively unexplored in the litera-
ture.! The reactivity of thiols is in most instances suffi-
cient to achieve the direct replacement of a halide or a
triflate without catalysis, resulting in formation of an aryl-
sulfur bond. Recently we had the need to prepare severad
unsymmetrical bispyrimidine thioethers to evaluate the
effect on antibacterial activity when a nitrogen linker was
replaced with a sulfur linkage.? The synthesis of bispyri-
midine thioethers has been accomplished previously
through direct nucleophilic attack of athiolate anion on a
pyrimidine halide, thoughin low yield.>45 In our case, the
direct displacement reaction failed to afford any of the de-
sired product. Alternatively the synthesis of unsymmetri-
cal bispyrimidine thioethers could involve the
intermediate of a substituted thioamidate, followed by cy-
clization with a ketoester. The lability of thioamidates to-
wards hydrolysis encouraged us to pursue an alternative
strategy.®” Reports describing palladium catalyzed bisaryl
thioether synthesis from less activated thiols utilizing
Pd(PPhj),8° or prepared palladium aryl halide complexes,
attracted our attention.'®'! However, the anal ogous bi spy-
rimidine thioether synthesis has not been investigated and
poses a synthetic challenge due to the unreactivity of the
reaction partners and the potential multiple coordination
of either the substrate or the product to the catalytic metal
resulting in inhibition of catalysis. This report details our
successful synthesis of unsymmetrical bispyrimidinethio-
ethers utilizing a variation of the Migita palladium cata-
lyzed thioether preparation. In addition, we report our
subsequent efforts to explore the scope and utility of this
reaction.

In an attempt to understand the need for palladium cataly-
sis as well as the required degree of reactivity of each re-
action partner in the coupling reaction, 2-
bromopyrimidine was reacted with thiophenol in the pres-
ence of potassium t-butoxide (Table 1). After workup, a
44% yield of the desired thioether was isolated. Next, the
bromopyrimidine was reacted with thiophenol and base

along with 0.1 equivalents of palladium (Pd(PPhs),), pro-
ducing acomparable 48% yield of the desired thioether. In
arelated sequence, 4-hydroxy-5,6-dimethylpyrimidine-2-
thiol was reacted with 2-bromopyrimidine and base in the
presence and absence of palladium catalysis. In this case,
only the palladium catalyzed reaction afforded any of the
desired bispyrimidinethioether. In addition when t-BuOK
was replaced with K,CO4 and the reaction was performed
in the presence of palladium the desired product could not
be detected. Therefore, it appears that with very unreac-
tive thiol nucleophiles, such as the 2-thiopyrimidine,
strong base and palladium catalysis is essential. In con-
trast, there are limited benefits to the addition of palladi-
um in the case of athiol with sufficient nucleophilicity,
such as thiophenol.

Table 1 The effects of nucleophilic strength and the
influence of palladium on yield."
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Since the reaction conditions can have a dramatic effect
on reaction efficiency, we decided to explore the effect of
different solvent systemsin an attempt to improve the sol-
ubility of both coupling partners. The more readily avail-
able 6-hydroxy-4-methoxymethyl-pyrimidine-2-thiol was
utilized as the model nucleophile in the coupling reaction
(Table 2). Although polar solvents such as DMSO and
ethanol afforded homogeneous mixtures and were the sol-
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vent systems of choicein Migitasinitial report, we gener-
aly found that the reaction proceeded more cleanly and
afforded a better yield in THF.®® The use of DMF as a co-
solvent had a detrimental effect upon theyield of the reac-
tion. Although the reaction in THF was heterogeneous
and resulted in variable yields, dilution of the reaction to
0.05 M in THF and the use of efficient stirring proved
beneficial.

Table 2 Solvent effect on the reaction.

OMe
Br Ng,~SH N
A
N| N N tBuoK / N =
K) Solvent

OH 72°C

Nucleophile Halide ,. o

Solvent (equiv) (equiv) Yield (%)
THF 1.0 1.0 66
5/1 THF, DMF 1.0 1.0 49
2/1 THF, DMF 1.0 1.0 37
DMSO 1.0 1.4 26
EtOH 1.0 1.4 43

In several instances it was observed that the bromide ap-
peared to be consumed while some of the starting thiol
was still available. In an attempt to improve the coupling
yield, bromide stoichiometry was explored. In both cases
tested, higher yields were observed when an excess of 2-
bromopyrimidine was utilized in the reaction (Table 3).

The reaction was found to tolerate several different thiol
nucleophiles, and in genera the desired product was iso-
lated in moderate to good yields (Table 4).1* In general,
unprotected 4-hydroxy thiols were excellent substrates,
affording the desired product without the necessity of hy-
droxyl protection. As the insolubility of the nucleophile
became a problem, the reaction afforded only moderate
yields. The reaction was not limited to only 2-bromopyri-
midine, as other halides such as 2-bromo-4-methyl
quinazoline work equally well.

In summary, the unsymmetrical thioether bispyrimidine
coupling reaction is performed optimally in THF as the
solvent and palladium catalysis is essential. The yield in
the reaction can be improved by utilizing excess halide,
and a number of complex unprotected nucleophiles are
well tolerated under the reaction conditions.
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Table 3 Effect of halide stoichiometry.

Thiol Halide

Thiol {equiv)  (equiv)

Product Yield (%})

OMe

Ng_SH

~

| \,!l/ 10 1.0 ‘\r\( 65
s

OH
OMe
N._SH
IT 10 1.4 K@/Y \r\j 72
= /N N
OH

N._-SH N S. _N
N ~ N
I /\Nr 1.0 1.0 \g&?\r \;\]}// 38
SH N._-S-_N
| g \E;I/ S
_N 1.0 1.4 _N N 58

Table 4 Different thiol nucleophiles employed.”
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) A =2-Bromopyrimidine; B = 2-Bromo-4-methylquinazoline.
ii) optimized stoichiometry
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