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a b s t r a c t

We report the development of a novel three-component coupling reaction (3CC) for the synthesis of alk-
oxy tetrahydropyridopyrimidines. Systematic optimization of reaction parameters identified 3CC condi-
tions tolerant of a wide array of functionality at all three sites of diversity, providing densely
functionalized products in moderate to excellent yields. The newly developed chemistry has since been
applied to the lead optimization process on a novel drug discovery program, facilitating rapid compound
advancement.

� 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

The ability to rapidly assemble densely functionalized heterocy-
clic pharmacophores provides a significant advantage within the
drug discovery lead optimization space. Multiple-component cou-
plings (MCCs) comprise a family of convergent reactions in which
three or more starting materials react to form a single product,
with nearly all of the atoms involved contributing to the structure
of the newly formed product.1 In medicinal chemistry, the applica-
tion of MCCs toward the synthesis and optimization of leading
structural series often provides facile variation of two or more
structural diversity elements and facilitates efficient development
of SAR and subsequent program advancement. Herein, we describe
a novel three-component coupling (3CC) reaction for the synthesis
of highly functionalized alkoxy tetrahydropyridopyrimidines.

The tetrahydropyridopyrimidine core is a key pharmacophore
in several reported preclinical drug candidates, including selective
P2X7 receptor antagonists,2 inhibitors of platelet aggregation,3 gas-
tric anti-lesion agents,4 and phosphodiesterase 10 inhibitors.5

While a number of stepwise approaches toward the synthesis of
this heterocycle exists, only one multi-component reaction has
been reported involving the acid-catalyzed condensation of a pipe-
ridinone with 2 equivalents of a functionalized nitrile.6 Although
highly convergent, this approach allows for the installation of only
a single functionality off of the aromatic portion of the heterocycle,
limiting product versatility.
ll rights reserved.

eem).
In our laboratories, we recently became interested in synthesiz-
ing analogs with a 4-alkoxy-5,6,7,8-tetrahydropyrido[4,3-d]pyrim-
idine scaffold. The original three-step synthesis of the core
involved (1) cyclocondensation between an amidine and a piperid-
inone ester, (2) chlorination with PPh3/NCS, and (3) nucleophilic
aromatic substitution (Fig. 1). While this synthetic route was ro-
bust and versatile, typically providing products in overall yields
ranging from 10% to 30%, we were attracted to the possibility of
employing a more convergent synthesis that harnessed the nucle-
ophilic character of the intermediate pyrimidinone oxygen. This
would allow for a potential one-step assembly of the fully func-
tionalized heterocyclic framework. We reasoned that as long as
the reaction medium remained devoid of complicating nucleo-
philic species until the formation of the pyrimidinone, we could
fine tune the reaction parameters to facilitate construction of the
NR2 NR2
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Figure 1. First generation synthesis of 4-alkoxy tetrahydropyridopyrimidines.
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Table 1
Optimization of reaction parametersa

N

O

O

O

N

NH2

NH
N
Boc

N

N

N

OCH2CH3

HCl

+ Boc CH3CH2Br

base
solvent
temperature

5 6 7

Entrya Base Solvent Temp. (�C) Conv.b (%)

1 K2CO3 CH2Cl2 50 <5
2 K2CO3 THF 50 <5
3 K2CO3 DMF 50 87
4 K2CO3 DMSO 50 100c

5 K2CO3 Toluene 50 <5
6 K2CO3 EtOH 50 100d

7 K2CO3 DMF 30 40
8 K2CO3 DMF 70 100
9 K2CO3 DMF 90 100

10 None DMF 70 <5
11 Cs2CO3 DMF 70 100
12 TEA DMF 70 <5
13 NaHCO3 DMF 70 <5

a Screening reaction conditions: 1.1 equiv 5, 1 equiv 6, 2.5 equiv CH3CH2Br, 2.5 equiv base, 0.15 M solvent, 2 h reaction time.
b Determined by HPLC at 254 nm.
c Significant decomposition.
d Trace conversion to fully alkylated product; reaction stalls at the pyrimidinone intermediate.

Table 2
Scope of amidine component

N

O

O

O

R NH2

NH
N
Boc

N

NR

OiPr

+ Boc 2-iodopropane

K2CO3
DMF
70 °C

X-H

Entry R Product X Yield (%)

1 C6H5 4a Cl 79
2 3-BrC6H4 4b Cl 61
3 4-Pyridyl 4c Cl 57
4 3-Thienyl 4d Cl 38
5 2-Methyl-1,3-thiazol-4-yl 4e Cl 61
6 Propyl 4f OAc 74
7 Benzyl 4g Br 70
8 Cyclopropyl 4h Cl 81
9 H 4i Cl 33

10 N(CH3)2 4j Cl 52
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heterocycle as a 3CC by introducing the alkoxy functionality as an
electrophile rather than a nucleophile.

As a model system, we examined the 3CC of 3-pyridylamidini-
um hydrochloride (5), N-Boc-piperidinone ester 6, and 2-bromo-
propane in the presence of K2CO3 (Table 1). Not surprisingly, the
identity of the solvent proved crucial, as only polar aprotic solvents
provided conversion to the desired product, likely due in part to
the poor solubility of the intermediate pyrimidinone (Table 1, en-
tries 1–6). CH2Cl2, THF, and toluene afforded only trace product,
while EtOH furnished only the pyrimidinone intermediate. Gratify-
ingly, both DMSO and DMF provided high conversion at only 50 �C,
with DMF affording a significantly more favorable overall reaction
profile. The reaction temperature was examined next (Table 1,
entries 7–9), with full conversion achieved in reasonable time at
temperatures above 50 �C. We selected 70 �C as the optimal
temperature as it afforded the best compromise between reaction
profile and reaction rate. Finally, the identity of the base was exam-
ined (Table 1, entries 10–13). Inorganic carbonate bases provided
complete conversion, while only trace conversion was achieved
with bicarbonate and amine bases; K2CO3 was selected as optimal
for this transformation. Importantly, the use of powdered K2CO3

was crucial, as the use of granular inorganic bases provided low
and variable yields.

With a set of optimal reaction conditions in hand, we examined
the scope of the 3CC with respect to all three reaction compo-
nents.7 We were pleased to find that the reaction tolerated a wide
array of amidines, including aromatic, heteroaromatic, straight-
chain aliphatic, cyclic aliphatic, and benzylic substitution patterns,
providing the desired products in moderate to good yields (Table 2,
entries 1–8). Additionally, the 3CC was tolerant of formamidine
and dimethylguanidine, providing both the unsubstituted (entry
9) and amino-substituted (entry 10) products, albeit with compro-
mised yields.

The amino substituent was examined next with a representa-
tive set of functional groups. Apart from the carbamate group em-
ployed in the above chemistry (Table 3, entry 1), both amide and
urea functionalities were tolerated at this position (entries 2–4).
This flexibility allows one to obviate the need for a protecting
group by installing the final required functionality in the first step.
Surprisingly, no conversion was observed in the presence of ben-
zylic functionality, highlighting the importance of amine basicity,
with tertiary amines too basic to be employed in the reaction (en-
try 5).

Finally, we examined the scope of the alkyl halide component
(Table 4). The chemistry was again tolerant of a wide variety of
functionality, including strain-chain and branched aliphatic (en-
tries 1–3), heteroaromatic (entry 4), as well as both cyclic and acy-
clic heteroaliphatic functionalities (entries 5–7). Not surprisingly,
the identity of the leaving group was found to be very important.
When activated electrophiles such as allylic or benzylic halides
were employed, the bromide leaving group proved too reactive
for the 3CC, providing unfavorable reaction profiles with low con-
version to the desired products. This is likely due to the competing
alkylation of the amidine species. For these substrates, the corre-
sponding chloride was found to be optimal, as in the cases of both



Table 4
Scope of alkyl halide component
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HCl

+ Boc R-X

K2CO3
DMF
70 °C

Entry R Product X Yield (%)

1 Methyla 4p Br 53
2 n-Propyl 4q Br 87
3 Cyclopentyl 4r Br 73

4
N

4s Br 28

5 OCH3 4t Br 54

6 NHBoc 4u Br 51

7
O

O
4v Br 47

8 Benzyl 4w Cl 61
9 Allyl 4x Cl 77

10b 4y Br 87

11c 4y Cl 29

a Due to volatility, 5 equiv CH3Br was added as a 2.0 M solution in TBME.
b Reaction time = 2 h; reaction temp. = 70 �C.
c Reaction time = 4 h; reaction temp. = 100 �C.

Table 3
Scope of amine component
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a No significant conversion of starting material was observed.
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benzyl and allyl chloride (entries 8–9). When unactivated electro-
philes were employed, the reaction proceeded most efficiently
with a bromide leaving group. However, with elevated tempera-
tures and extended reaction times, the less reactive corresponding
chlorides could be employed (Table 3, entries 10–11).
2. Conclusion

We have introduced a novel 3CC reaction that assembles densely
functionalized tetrahydropyridopyrimidines in a single efficient
transformation. Systematic optimization of reaction parameters
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identified a protocol that is both operationally simple and tolerates a
wide array of functional groups. In the context of our own drug
discovery program, this reaction has not only streamlined our lead
optimization process, but has also significantly impacted our
scale-up efforts as the transformation has been repeatedly executed
on >25-gram scale with excellent results. Current efforts are aimed
at expanding the substrate scope at both the amine and alkoxy
positions, as well as better understanding the pKa dependence of
the reaction. Our results will be disclosed in due course.
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