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For the first time, Suzuki cross-coupling reactions were used for introducing an aromatic group in posi-
tion 8 of the pyridine ring of novel pyrido[30 ,20:4,5]thieno[3,2-d]pyrimidin-4-amines. This reliable and
simple method may be extended to various boronic acids for allowing preparation of a larger library of
these compounds in the hope of further structure–activity relationship investigations.
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The main interests of our research group include the synthesis
of C,N,S-containing heterocyclic precursors of bioactive molecules
able to modulate the role of kinases in signal transduction.1 As a
part of this work, the synthesis of N-arylbenzothieno[3,2-d]pyrim-
idin-4-amines and their pyrido and pyrazino analogues was pub-
lished.2 The inhibitory potency of the final products against five
protein kinases (CDK5/p25, CK1d/e, GSK3ab, DYRK1A and CLK1)
was evaluated. It was found that N-arylpyrido[30,20:4,5]thie-
no[3,2-d]pyrimidin-4-amine series of compounds (see I in
Scheme 1) turned out to be particularly promising for the develop-
ment of new pharmacological inhibitors of CK1 and CLK1 kinases.
Among these compounds, II (Scheme 1) has been considered as the
most active product with submicromolar IC50 values for CK1
(31 nM) and CLK1 (680 nM). Pursuing our investigations in the de-
sign of potent kinase inhibitors we envisioned the synthesis of
functionalized pyrido[30,20:4,5]thieno[3,2-d]pyrimidin-4-amines
of general structure 1 (Scheme 1).

A literature survey revealed that the synthesis of 8-substituted-
pyrido[30,20:4,5]thieno[3,2-d]pyrimidin-4-amines (1) has been
rarely described until now.3 In contrast, synthetic routes and bio-
logical activity of some pyrido[30,20:4,5]thieno[3,2-d]pyrimidine
analogues, substituted by various groups in position 7 of the pyrido
moiety, were already studied and published.4 We decided that it
would be an interesting challenge to synthesize novel pyr-
ll rights reserved.

ax: +33 (0) 235522962.
esson).
ido[30,20:4,5]thieno[3,2-d]pyrimidines which can be functionalized
in position 8 of the pyridine ring for further structure–activity rela-
tionship investigations.5 This Letter describes the development of a
reliable and simple method that allows the preparation of a library
of these compounds for which interesting biological properties can
be expected. As a continuation of previous works, the main part of
the chemistry performed in this study was realized under micro-
wave irradiation for an efficient heating of the reaction mixtures
and a good control of reaction parameters.6

The target compounds we studied were 8-arylpyrido
[30,20:4,5]thieno[3,2-d]pyrimidin-4-amines (1) which are substi-
tuted by an aromatic group in position 8 of the pyridine moiety.
The route envisioned is described in the retro-synthetic pathway
presented in Scheme 2. The multi-step synthetic pathway was in-
spired by our previous work on the utility of formamide to gener-
ate ammonia synthon for introducing a nitrogen atom into a
pyrimidine ring from anthranilic acids,7 anthranilonitrile8 or its
benzofuro or benzothieno analogues.9

Our approach consisted of preparing a brominated enaminonit-
rile (3) from the commercial 5-bromo-2-chloronicotinonitrile (2)
(Scheme 2). Transformation of thieno[2,3-b]pyridine (3) into its
corresponding formamidine derivative (4) and nucleophilic attack
by ammonia and cyclization will yield the expected brominated
pyrido[30,20:4,5]thieno[3,2-d]pyrimidin-4-amine (5). At the end of
this process, incorporation of the phenyl moiety was envisioned
via a Suzuki cross-coupling reaction with various phenylboronic
acids.
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Scheme 3. Synthesis of 3-amino-5-bromothieno[2,3-b]pyridine-2-carbonitrile precursor (3) and its N,N-dimethylformimidamide derivative (4).
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Scheme 4. Synthesis of 8-arylpyrido[30 ,20:4,5]thieno[3,2-d]pyrimidin-4-amines (1); for reaction times and yields see Table 1.
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Scheme 1. Structure of target 8-arylpyrido[30 ,20:4,5]thieno[3,2-d]pyrimidin-4-amines (1) and their pyrido[30 ,20:4,5]thieno[3,2-d]pyrimidin-4-amine congeners previously
studied2 (I and II).
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Scheme 2. Synthetic routes envisioned for an access to the target products.
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The synthesis of the thieno[2,3-b]pyridine precursor (3) was in-
spired from a method previously described in the literature for the
preparation of benzothiophene analogues.9 5-Bromo-2-chloronico-
tinonitrile (2) was firstly treated by freshly prepared 3-mercapto-
propionitrile10 in the presence of aqueous potassium hydroxide,
in dimethylformamide (DMF) at 0 �C. After 1 h of stirring, the
alkylating agent (bromoacetonitrile) was added to the cold reac-
tion mixture to give the expected 3-amino-5-bromothieno



Table 1
Synthesis of N,N-dimethylformimidamides 6a–g and final thieno[3,2-d]pyrimidines
1a–g

Ar Starting
compound

Yielda,b,c (%) Product Yieldb,c,d (%)

6a 99 1a 87

Me
6b 99 1b 93

OMe
6c 79 1c 85

Cl
6d 94 1d 78

Cl

6e 98 1e 92

Cl

Cl
6f 55 1f 100

ClCl
6g 90 1g 73

a Reactions were performed for 90 min at 150 �C and at atmospheric pressure
under microwave irradiation (800 W) on a 1.0 mmol scale from 4 with 1.5 equiv of
appropriate boronic acid.

b Yield of isolated product.
c Microwave reactor: RotoSYNTH™ from Milestone S.r.l, Italy.
d Reactions were performed for 30 min at 185 �C and at atmospheric pressure

under microwaves (200 W) on a 0.2 mmol scale from 6a–g with 40 equiv of
formamide.
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[2,3-b]pyridine-2-carbonitrile (3) in high yield (91%). The synthe-
sis of (E)-N0-(5-bromo-2-cyanothieno[2,3-b]pyridin-3-yl)-N,
N-dimethylformimidamide intermediate (4) was performed in
quantitative yield by reaction of cyanoenamine (3) with N,N-
dimethylformamide dimethylacetal (DMF-DMA) after 30 min of
microwave irradiation (800 W) at 90 �C (Scheme 3).

As described in the retrosynthetic pathway (Scheme 2) the next
step of the synthesis consisted of a nucleophilic attack of ammonia
on the N,N-dimethylamidine 4 and cyclization of the intermediate
amidine to yield the expected 8-bromopyrido[30,20:4,5]thieno[3,2-
d]pyrimidin-4-amine (5) in a very good yield (87%). At this part of
the work, the Suzuki cross-coupling reactions of five phenylboronic
acids (Scheme 4) with 5 were investigated. Using freshly prepared
Pd(PPh3)4 as the catalyst,11 and applying usual conditions for the
Suzuki cross-coupling, we noticed that reaction from 8-bromopyr-
ido[30,20:4,5]thieno[3,2-d]pyrimidine (5) allowed the synthesis of
only two of the expected derivatives in good to modest yields
(90% for phenyl and 64% for p-methoxyphenyl derivatives, respec-
tively) (Scheme 4, path A). At this stage of the study, we observed
that the purification of the products obtained by reaction with hal-
ogenated boronic acids was difficult due to the high polarity of
molecules. Whatever be the method of purification used, the pro-
cess led to the expected product in very poor yields, or did not al-
low isolation of any compound. In view of these results we
considered trying the introduction of phenyl substituents before
cyclizing the pyrimidine ring via thermal decomposition of form-
amide (Scheme 4, path B).

Returning to the N,N-dimethylformimidamide intermediate (4),
we observed that Suzuki cross-coupling of various phenyl boronic
acids with 4 can be performed under usual conditions of tempera-
ture and time to give very good yields of (E)-N0-(5-aryl-2-
cyano)thieno[2,3-b]pyridin-3-yl)-N,N-dimethylformimidamide
series (6a–g) (Table 1). Strong heating (185 �C) of these inter-
mediates in the presence of formamide allowed convenient for-
mation of novel pyrido[30,20:4,5]thieno[3,2-d]pyrimidin-4-
amines (1a–g) substituted in position 8 by a phenyl ring, itself
substituted by various electro-donor or electro-withdrawing
groups.5 This second route can be considered more efficient
and easier in practice. It allowed good overall yields of the tar-
get molecules and the operating conditions were easy to apply.

Some comments can be made concerning the microwave proce-
dure as well as the technical and practical aspects. Microwave
heating was realized at atmospheric pressure in a well-controlled
multimode cavity12 and not in pressurized vials as described in
various papers, especially for Suzuki cross-coupling reactions.13

The choice of a reactor able to work at atmospheric pressure was
guided by our previous experience in the use of microwaves in or-
ganic synthesis.14 It has some advantages, such as the possibility of
easier work-up and the use of usual laboratory glassware. In the
main steps of the synthetic pathway described in this Letter, irra-
diation power at 200 or 800 W, was enough to efficiently reach
the programmed temperature with a short ramp time (3 min, not
added to the reaction time indicated in schemes). Temperature
was monitored via a contactless-infrared pyrometer which was
calibrated by control experiments with a fibre-optic contact
thermometer.

In conclusion, synthesis of functionalized pyrido[30,20:4,5]thie-
no[3,2-d]pyrimidin-4-amines was investigated with success. For
the first time, Suzuki cross-coupling reactions were used for intro-
ducing an aromatic group in position 8 of the pyridine ring of the
pyrido[30,20:4,5]thieno[3,2-d]pyrimidine core. This reliable and
simple method may be extended to various boronic acids to allow
the preparation of a larger library of these compounds in the hope
of further structure–activity relationship investigations. In this
point of view, the synthesis of the intermediate N,N-dimethylfor-
mimidamides (6a–g) is also promising for the synthesis of various
derivatives which can be substituted in position 3 or 4 of the
pyrimidine part of the tricyclic core.
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