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An Automated Process for a Sequential Heterocycle/Multicomponent Reaction: 
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5-(Thiazol-2-yl)-3,4-Dihydropyrimidin-2(1H)-ones
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The first example of a sequential heterocycle formation/multicomponent reaction using an automated continuous 
flow microreactor assembly is reported. Consecutive Hantzsch thiazole synthesis, deketalization, and Biginelli 
multicomponent reaction provides rapid and efficient access to highly functionalized, pharmacologically significant 
5-(thiazol-2-yl)-3,4-dihydropyrimidin-2(1H)-ones without isolation of intermediates. These complex small molecules 
are generated in reaction times less than 15 min and in high yields (39–46%) over three continuous chemical steps.
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1. Introduction

Over the past decade, high-throughput chemical synthesis has 
become increasingly important because of its potential to accel-
erate drug discovery efforts [1]. Recently, multistep microflu-
idic chip-based processes have emerged as attractive methods 
for facilitating the rapid generation of small molecule libraries 
[2–7]. Specific advantages of this technology include optimal 
heat transfer, enhanced reagent mixing, precise reaction times, 
small reaction volumes, and the ability to conduct multistep 
reactions in a single, unbroken microreactor sequence [8]. Our 
group has initiated a research program focused on developing 
automated flow chemistry methods to rapidly access complex, 
drug-like compounds from readily available precursors. To this 
end, we have reported the continuous flow syntheses of bis-
substituted 1,2,4-oxadiazoles [5], functionalized imidazo[1,2-a] 
heterocycles [6], and pyrrole-3-carboxylic acid derivatives [7]. 
We now report the first example of a consecutive heterocycle 
formation/multicomponent reaction using an uninterrupted 
continuous flow microreactor sequence. In this unique pro-
cess, namely, sequential thiazole formation, deketalization, and 
Biginelli three-component reaction, provides rapid and efficient 
access to novel 5-(thiazol-2-yl)-3,4-dihydropyrimidin-2(1H)-
one (DHPM) derivatives 1. These structures, which are gener-
ated from b-ketothiazoles 2 (Figure 1), are formed cleanly and 
without isolation of intermediates.

Thiazoles constitute a ubiquitous structural motif present in a 
broad range of biologically active small molecules and natural 
products. These heterocycles are present in approved and inves-
tigational drugs such as STX-107, a derivative of the potent and 
highly selective metabotropic glutamate subtype 5 (mGlu5) 
receptor negative allosteric modulator MTEP (Figure 1) [9a]. 
STX-107 is currently under clinical evaluation as a treatment 
for Fragile X syndrome [9b]. DHPM derivatives also constitute 
a large family of medicinally significant compounds displaying 
a wide range of pharmacological properties [10]. For example, 
monastrol has received much attention in recent years because 
of its activity as a mitotic kinesin-5 inhibitor (Figure 1) [11]. 
To date, the combination of thiazole and DHPM moieties in a 
single scaffold has not been explored to any significant extent. 
A single patent application discloses the synthesis of com-
pounds such as 1a (Figure 1) with anti-HIV properties [12]. 

Thus, methods for joining thiazole and DHPM heterocycles 
into a combined structure as a novel drug-like scaffold are of 
potential interest.

2. Results and Discussion

Thiazoles are typically prepared via condensation of thio-
amides with a-bromoketones using the Hantzsch thiazole 
synthesis [13]. Unlike oxazole formation, thiazole assembly 
proceeds under mild conditions without the need for base. In 
this process, molar equivalents of HBr and water are liberated 
in situ, serving as potentially useful by-products for contin-
ued chemistry. Knowing that the Biginelli reaction is promoted 
using acid [14], we envisioned taking advantage of this HBr in 
the context of a multistep continuous flow sequence. Thus, we 
imagined a flow process in which thiazole formation, with con-
comitant HBr release, would precede DHPM construction.
b-Keto-oxadiazoles, and other heterocycles, have previously 

been identified as viable substrates for the batch synthesis of 
DHPMs [15]. By analogy, we hypothesized that b-ketothiazoles 
might be utilized in a similar fashion for the Biginelli multicom-
ponent reaction. At the outset, we prepared the ketal-protected 
thioamide 3 (Table 1) from commercially available acetoacet-
amide in two steps (see Supporting Information for details). 
We next investigated the development of a flow method for the 
synthesis of b-ketothiazole derivatives 2 [16]. The microfluidic 
setup for the flow synthesis of 1-(thiazol-2-yl)propan-2-one 
derivatives (2) is outlined in Table 1. Our procedure is inspired 
by the reported microreactor syntheses of 2-aminothiazoles [17] 
and 4,5-disubstituted thiazoles [18].

The optimization for the microfluidic synthesis of ketone 2a 
is also presented in Table 1. Initially, we were delighted to 
observe that in all cases (entries 1–6) the thioamide starting 
material 3 was consumed. As expected, the release of both HBr 
and water also triggered removal of the 1,3-dioxane protecting 
group at 150 °C (entries 5 and 6) yielding the best ratios of 
2a to 5a. We then systematically varied the number of water 
equiv. (entries 7–9) used to prepare the stock solution of 4a in 
an effort to further accelerate removal of the ketal protecting 
group. Overall, using 5 equiv. of water (entry 8) yielded the 
largest product ratio in favor of 2a over 5a (104:1), while 10 
equiv. (entry 9) precluded completion of the sequence with just 
under 25% of thioamide 3 remaining unreacted. Understanding * Author for correspondence: ncosford@sanfordburnham.org
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that using 5 equiv. of water would likely hinder a subsequent 
Biginelli reaction, we opted for the conditions shown in entry 7 
(1 equiv. of water, 2a:5a = 11.7:1) as a compromise between 
optimal 2a formation and suitable conditions for a two-chip 
sequence.

The scope for the continuous flow synthesis of b-ketothiazoles 
2a–2j using the optimized conditions is shown in Table 2. 
Electron-rich a-bromoacetophenones (entries 2 and 3) per-
formed the best with excellent isolated yields (90% for 2b and 
91% for 2c). Unsubstituted phenyl (entry 1) and halogenated 
bromoacetophenones (entries 4–5) proceeded in high yield (70–
74%) while the methyl-, naphthyl-, and thiophene-substituted 
thiazoles 2f–2h formed in 81%, 84%, and 75% yields, respec-
tively. 2-Bromoindanone (entry 9) and ethyl bromopyruvate 
(entry 10) proved to be poorer substrates but still provided thi-
azole 2i and 2j in yields of 49% and 51%, respectively, over two 
chemical steps.

We next focused our efforts on joining this optimized trans-
formation with a Biginelli reaction in a single continuous 
sequence. First, we designed a flow synthesis of DHPMs (see 
Supporting Information for a detailed example) [19]. For the 

multistep process, we envisioned that the liberated HBr utilized 
to unmask the ketone intermediates could be harnessed to cata-
lyze the subsequent Biginelli reaction. Gratifyingly, we found 
that the two-chip flow synthesis of DHPMs 1 proceeded effi-
ciently under the conditions shown in Scheme 1. When using 
the pump flow rate of the previously mentioned one-chip pro-
cess (25 mL/min), we observed significant escape of HBr from 
solution, resulting in visible separations in flow leading to inef-
ficient mixing. In order to prevent this, the flow rate of each 
pump was increased (32.5 mL/min), resulting in a reduced 

Figure 1. (A) DHPMs 1 from intermediate b-ketothiazoles 2. (B) Bio-
logically active thiazole MTEP, monastrol, and DHPM 1a

Scheme 1. Final microfluidic setup for the synthesis of DHPMs 1

Table 1. Optimization of thiazole 2a synthesis

aAn HPLC method was used to calculate the ratio of starting material 3 
to ketal-protected thiazole 5a to the desired ketone 2a. See Supporting 
Information for selected HPLC data.

aRefer to Supporting Information for structures of a-bromoketones 
4b–4j. bIsolated yields based on 1000 mL collection volumes and following 
silica gel chromatography.

Table 2. Microfluidic synthesis of b-ketothiazoles 2
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reaction time for the first microreactor (3.75 min) [20]. Overall, 
each continuous two-chip microfluidic sequence required less 
than 1 h for completion from start to finish (injection, reaction, 
and 1250 mL collection).

The multistep continuous flow synthesis of thiazolyl DHPMs 1 
is presented in Table 3. For all entries (1–8), 3-hydroxybenz-
aldehyde was pumped into the second chip to generate novel 
thiazole-substituted oxo-derivatives of monastrol (Figure 1) [11]. 
These structures are also putative analogues of the anti-HIV 
compound 1a (Figure 1). The overall yields for the three-step 
two-chip sequence were high (39–46%) when using aromatic 
a-bromoketones 4, averaging roughly 70% yield for each 
chem ical step. Acetophenone substrates bearing either elec-
tron-donating (entries 2, 3, and 6) or electron-withdrawing sub-
stitution (entries 4 and 5) as well as 2-naphthyl (entry 7) and 
heteroaromatic (entry 8) were found to be suitable for this pro-
cess. Importantly, these data largely represent the current supply 
of commercially available a-bromoketones, yielding complex 
drug-like compounds for extensive biological evaluation and/or 
continued chemistry.

Several advantages of this methodology compared to the stan-
dard batch synthesis of analogue libraries should be noted. First, 
optimization of each reaction step can be conducted very rap-
idly. For example, the flow conditions shown in Table 1  leading 
to optimal reaction parameters (entry 7) were investigated in less 

than 1 day (see Supporting Information for additional details). 
Second, fully automated multistep flow technology allows 
for swift construction of compound libraries. In this case, the 
highly functionalized DHPMs (1b–1i) presented in Table 3 can 
also be assembled in less than 1 day. Furthermore, because the 
process is fully automated, unsupervised (e.g., overnight) high-
throughput synthesis is an option. We conservatively estimate 
that approximately 100 derivatives of 1 could be synthesized, 
purified (using preparative HPLC), and prepared for biological 
testing within 1 week.

3. Conclusions

In summary, we have developed the first example of a sequen-
tial heterocycle formation/multicomponent reaction using an 
automated continuous flow process that allows efficient access 
to a novel class of DHPMs (1). These complex structures can 
be constructed rapidly and in high yield. We have also dem-
onstrated the utility of released by-products within a flow 
sequence, harnessing in situ generated acid for both protecting 
group removal and promotion of a multicomponent reaction [7]. 
Further applications of 2, biological evaluation of 1b–1i, and 
expansion of our methodology to access highly functionalized 
DHPMs 1 are in progress.
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Supporting Information. Experimental procedures for the 
batch synthesis of thioamide 3, selected HPLC data for Table 1, 
structures of a-bromoketones 4b–4j, experimental procedure for 
the flow synthesis of b-ketothiazole derivatives 2, example of one-
chip Biginelli flow synthesis, experimental procedure for the flow 
synthesis of DHPM derivatives 1, and characterization data for all 
new compounds including NMR spectra and MS data. This mate-
rial is available free of charge on the journal’s homepage at www.
akademiai.com. 
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