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A one-pot route to 8-substituted xanthines has been developed from 5,6-diaminouracils and carboxalde-
hydes. The process, promoted by (bromodimethyl)sulfonium bromide, is mild and efficient and elimi-
nates the need for external oxidants. Yields are good and the process is applicable to a range of
substrates including a family of A2A adenosine receptor antagonists. Preparation of a new analog of the
antagonist KW-6002 is presented, and in situ bromination of aryl substituted products demonstrated.

� 2008 Published by Elsevier Ltd.
1. Introduction

A2A Adenosine receptor antagonists have become major targets
in CNS drug discovery due to pathway interactions between A2A

and D2 dopamine receptors.1 A number of lead compounds have
emerged based on the xanthine skeleton, including the chlorosty-
ryl caffeine CSC,2 the thienylated xanthine DMPTX,3 and the
dimethoxystyryl xanthine KW-6002.4 The latter, now referred to
as istradefylline, is a clinical candidate for Parkinson’s disease
based on promising results obtained with co-administration of
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levodopa.5 A variety of annulation strategies have been applied
to the construction of the xanthine nucleus 1, most commonly
via disconnection to the corresponding amino-acylaminouracil
2,6 or closure of the 6-amino-5-iminouracils 3, typically utilizing
oxidative methods (Scheme 1).7

We became interested in the prospect of developing a one-pot
route to xanthines through direct coupling of the readily available
5,6 diaminouracils 4 and corresponding carboxaldehydes, and
began to investigate coupling parameters. A direct route has been
reported, but involves forcing conditions.8 A variety of reagents
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Scheme 1. Retrosynthetic approaches to 5,6-xanthines.
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have been successfully used to effect dehydrative elimination from
intermediate iminium ions, among them (bromodimethyl)sulfo-
nium bromide (BDMS) is particularly effective.9 Routine treatment
of 4 (R = Et) with benzaldehyde and 0.5 equiv BDMS gave apprecia-
ble conversion to product 1 (Scheme 2 and Table 1). The process
proved amenable to a wide variety of medicinally relevant sub-
strates (Table 1), and in all cases yields are good to excellent and
purification of products is trivial.10
Table 1
Carboxaldehyde substrates for in situ xanthine synthesis using 5,6-diaminopurines
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Scheme 2. (Bromodimethyl)sulfoniu
In order to demonstrate the effectiveness of our approach, we
conducted comparative synthesis of the KW-6002 analog 9
(Scheme 3). This agent is a lead compound in our studies of the
A2A pathway, and it is available routinely from precursor 6. As
can be easily seen the direct route is superior, and now opens
the prospect of targeted library design for this class.11 In an effort
to extend the synthetic versatility of the process, we have also
investigated the potential to effect in situ bromination of the aryl
xanthine substituent. Mild bromination is observed on extended
exposure of products for example, 9 to BDMS. Using 1.6 equiv of
the reagent (0.5 equiv for 4 h then additional 1.1 equiv for 10 h)
in situ bromination was effected, in the case of 6 and p-methoxy-
benzaldehyde, giving bromoarene 11 in good yield, and in the case
of o-salicaldehyde, bromophenol 10 together with traces of the o-
product (Scheme 4). Finally, preliminary experiments have been
initiated to expedite this (mild) process using microwave heating.
In an initial example, 4-bromobenzaldehyde reacts with 6 (MeCN)
under microwave irradiation (CEM Discover, 150W, 110 �C, 100
psi) to produce the corresponding xanthine in 72% yield within
30 min. This result bodes well for the application of the method
for the rapid production of libraries of xanthine derivatives under
automated conditions.

In summary, a direct route to the xanthine class of adenosine
receptor antagonists has been developed. The process is efficient,
scalable, and can be applied to versatile and diverse library con-
struction. In the case of aryl aldehyde substrates tandem in situ
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Scheme 3. Synthesis of KW-6002 antagonist.
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Scheme 4. In situ ring closure-tandem bromination sequence.
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bromination of the products is an effective adaptation of the pro-
cess, and promises to extend the versatility in the form of heavily
substituted xanthine derivatives.12

Experimental procedure: 8-(4-Bromo-phenyl)-1,3-diethyl-3,4,5,
7-tetrahydro-purine-2,6-dione.

Conventional thermolysis: (Bromodimethyl) sulfonium bromide
(0.055 g, 0.25 mmol) was added to a mixture of 4-bromobenzalde-
hyde (0.092 g, 0.5 mmol), 1,3-diethyl-5,6-aminouracil (0.1 g,
0.5 mmol), and anhydrous acetonitrile (5 ml) and the mixture
was stirred at room temperature. After 12 h the resulting precipi-
tate was filtered, washed with ethyl acetate (10 ml), methanol
(5 ml), and then recrystallized (EtOAc) to yield the title compound
(0.143 g, 79%) as a yellow solid mp >300 �C; 1H NMR (500 MHz,
DMSO-d6): d 1.13 (t, J = 7 Hz, 3H), 1.26 (t, J = 7 Hz, 3H), 3.94 (q,
J = 7 Hz, 2H), 4.08 (q, J = 7 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H, ArH),
8.05 (d, J = 8.5 Hz, 2H, ArH); HRMS (ESI), m/z (M+H)+: calcd
363.0433, obs. 363.0441.

Microwave thermolysis: (Bromodimethyl) sulfonium bromide
(0.010 g, 0.045 mmol) was added to a mixture of 4-bromobenzal-
dehyde (0.0466 g, 0.25 mmol), 1,3-diethyl-5,6-aminouracil
(0.4955 g, 0.25 mmol), and anhydrous acetonitrile (500 ll) in a
14 � 86 mm (o.d.) glass microwave tube. The tube was capped
with a CEM Corp. PL cap, the atmosphere was flushed with argon
gas, and then the tube was placed in the cavity of a CEM Discover�

Lab Mate reactor. The solution was subjected to microwave irradi-
ation while stirring, the temperature was brought to 110 �C over
15 min. and then held for 10 min (150 W, 100 psi). The resulting
precipitate was filtered, washed with ethyl acetate (5 ml) and
methanol (2.5 ml), and then recrystallized (EtOAc) to yield the title
compound (0.065 g, 72%) as a yellow solid spectroscopically iden-
tical to an authentic sample.
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