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A general method is described for the solid-phase synthesis of novel 7,8-functionalized pyrazolo[1,5-a][1,3,5]-
2-oxo-4-thioxotriazine derivatives. The sequence developed for this purpose is based on cyclization reactions
of resin-bound 3,4-functionalized-5-amino-1-dithiocarboxypyrazoles 4 and 5, promoted by reaction with
various isocyanates. The resin-bound pyrazoles produced by cyclization reactions of cyanocarboimidates 8
or 3-ethoxyacrylonitriles 9 with Merrifield resin linked hydrazine dithiocarbazate 3, serve as key intermediates
for subsequent bicyclic heterocycle diversification. Reactions of the resin-bound 5-amino-1-dithiocarboxy
pyrazoles 4 and 5 with various aryl isocyanates produce the novel 7,8-functionalized pyrazolo[1,5-a][1,3,5]-
2-oxo-4-thioxotriazine derivatives 6 and 7 in good yields and high purities.

Introduction

Heterocyclic skeletons serve as ideal scaffolds on which
pharmacophores can be appended to yield potent and
selective drugs.1 This is especially true for five-member ring
heterocyclic compounds, which are core components of a
large number of substances that possess a wide range of
interesting biological activities. In this respect, the potential
of the pyrazole scaffold to serve as a privileged structure
for the generation of drug-like libraries in drug-discovery
programs has been amply demonstrated. The recent success
of a pyrazole COX-II (cyclooxygenase) inhibitor has further
highlighted the importance of these heterocycles in medicinal
chemistry.2 In addition, the pyrimidinedione and pyrimidi-
nonethione ring systems found in quinazolinediones and
quinazolinonethiones have been used as drug pharmacoph-
ores.3 By using the bioisostere concept, we have designed
scaffolds that combine the pyrimidinonethione moiety found
in quinazolinonethiones with the pyrazole ring system. The
pyrazolo[1,5-a][1,3,5]thioxotriazine bicyclic system, coming
from this formulation, is present in substances that are known
inhibitors of protein kinase CK2 (casein kinase),4 phosphodi-
esterase (PDE4),5 and DNA gyrase.6 Another driving force
for this combined drug discovery and high-throughput
organic synthesis program, focusing on drug-like small
heterocyclic molecules,7 is the development of novel modu-
lators of protein kinase CK2 and PDE4 that participate in
the control of inflammatory diseases. Since these types of
modulators possess pyrazolo[1,5-a][1,3,5]triazine functional-
ity, one of the purposes of this effort was the development
of a new types of scaffolds, such as the pyrazolo[1,5-
a][1,3,5]-2-oxo-4-thioxotriazine, that might be found in
protein kinase inhibitors.

Several reports exist describing the efficient solution-
phase synthesis of pyrazolo[1,5-a][1,3,5]triazine deriva-
tives that possess drug-like properties.8 However, methods
to readily generate pyrazolo[1,5-a][1,3,5]thioxotriazines
by employing solid-phase synthesis have not been re-
ported. As a result, we undertook an investigation aimed
at developing efficient and simple parallel solid-phase
synthetic methods to produce various drug-like pyra-
zolo[1,5-a][1,3,5]thioxotriazine derivatives.

Below, we describe studies that have led to the develop-
ment of an efficient procedure for the synthesis of a novel
7,8-functionalized-pyrazolo[1,5-a][1,3,5]-2-oxo-4-thioxotri-
azine derivatives 6 and 7 (Scheme 1) that involves solid
phase cyclization reactions of resin-bound 3,4-functionalized-
5-amino-1-dithiocarboxy-pyrazoles 4 and 5 with various
isocyanates. These key intermediates then serve as precursors
for the target 7,8-functionalized-pyrazolo[1,5-a][1,3,5]-2-oxo-
4-thioxotriazines 6 and 7.

Results and Discussion

The Merrifield resin 1 was selected as the polymer support
used in this investigation, since its benzyl chloride moieties
would serve as a suitable site for introduction of a dithio-
carbazate linker. Indeed, reaction of this resin with carbon
disulfide followed by treatment with Fmoc protected hydra-
zine (NaH, DMF, room temperature) leads to formation of
the resin bound dithiocarbazate 3. Reactions of 3 with
cyanocarboimidates 8 and 3-ethoxyacrylonitriles 9 produce
the respective polymer-bound 5-amino-1-dithiocarboxy pyra-
zole resins 4 and 5.7c Finally, the target 7,8-functionalized
pyrazolo[1,5-a][1,3,5]-2-oxo-4-thioxotriazine derivatives 6
and 7 were liberated from the respective 5-aminopyrazole
resins 4 and 5 by reaction with various aryl isocyanates.

The progress of all of the solid phase reactions employed
in these sequences was monitored by using ATR-FTIR
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spectroscopy on single beads (Figure 1). For example, the
formation of the Fmoc-dithiocarbazate resin 2 was demon-
strated by the generation of prominent Fmoc-carbamate bands
at 1710 and 1222 cm-1 and a dithiocarbazate band at 1057
cm-1 by ATR-FTIR (Figure 1B). Deprotection of Fmoc

group of the resin 2 with 5% piperidine produces the free
dithiocarbazate resin 3, which is identified by disappearing
of Fmoc-carbazate stretching band at 1710 cm-1 (Figure 1C).
In this step, the use of 5% piperidine was essential, because
higher concentration causes loss of desired substrate from

Scheme 1a

a Reagents and conditions: (a) CS2, Fmoc-hydrazine, NaH, DMF, rt, 24 h; (b) 5% piperidine, DMF, rt, 2 h; (c) cyanocarboimidates 8, Et3N, MeCN, rt,
17 h; (d) substituted-3-ethoxyacrylonitriles 9, Et3N, dioxane, 80 °C, 17 h; (e) isocyanate 10, Et3N, THF, 40 °C, 12 h; (f) isocyanate 10, NaH, THF, 40 °C,
12 h.

Figure 1. ATR-FTIR spectra of single-beads of the resins 1 (A), 2 (B), 3 (C), 4a (D), and 5a (E).
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the resin 2. Formation of the pyrazole resin 4, the dithio-
carbazate resin 3 is treated with cyanocarboimidates 8 in
acetonitrile. The progress of this reaction was monitored by
the appearance of the cyanonitrile stretching band at 2215
cm-1 (Figure 1D). In contrast, cyclization reactions of
hydrazine dithiocarbazate resin 3 with substituted-3-ethoxy-
acrylonitriles 9 do not take place smoothly in acetonitrile.
Instead, the processes leading to 5 proceed well in 1,4-
dioxane, as indicated by the disappearance of the cyano
stretching band of intermediate 11 at 2215 cm-1 (Figure 2).

The concurrent cyclization-resin cleavage reactions of
5-amino pyrazole resins 4 and 5 were explored in more detail
to find optimal conditions. The results show that reactions
of the 4-cyano-5-amino pyrazole resins 4 with isocyanates
take place in the presence of Et3N (THF, 40 °C, 12 h). On
the other hand, in the case of reactions of the 4-ethylcarboxy-
5-amino pyrazole resins 5, the strong base NaH is required
(THF, 40 °C, 12 h). As shown in Table 1, variously
substituted aryl isocyanates react to generate the target 7,8-
functionalized-pyrazolo[1,5-a][1,3,5]-2-oxo-4-thioxotriaz-
ine derivatives 6 and 7 in good five step overall yields by
starting from the Merrifield resin and in high purities (Tables
1 and 2). The LC/MS spectrum of the representative crude

Figure 2. Monitoring of the 5-aminopyrazole intermediate resin 5c on single-beads by using ATR-FTIR spectroscopy.

Table 1. Products, Yields, and Purities of 7-Substituted-8-
cyanonitrile-1,2,3,4-tetrahydro pyrazolo[1,5-a][1,3,5]-2-
oxo-4-thioxotriazine Derivatives 6

product R1 R2 yielda (%) purityb (%)

6a Me Ph 32 99
6b Me 4-Me-Ph 28 99
6c Me 4-Et-Ph 29 99
6d Me 4-t-Bu-Ph 20 99
6e Me 3,5-di-Me-Ph 30 99
6f Me 4-MeO-Ph 29 99
6g Me 4-NO2-Ph 32 99
6h Me 4-F-Ph 34 99
6i Me 3-CF3-Ph 33 99
6j Me 2-Cl-Ph 33 99
6k Me benzyl 25 99
6l Ph Ph 30 99
6m Ph 4-Me-Ph 37 99
6n Ph 4-Et-Ph 37 99
6o Ph 4-t-Bu-Ph 31 99
6p Ph 3,5-di-Me-Ph 38 99
6q Ph 4-MeO-Ph 38 99
6r Ph 4-NO2-Ph 16 99
6s Ph 4-F-Ph 38 99
6t Ph 3-CF3-Ph 31 99
6u Ph 2-Cl-Ph 34 99
6v Ph benzyl 33 99

a Five-step overall yields from Merrifield resin 1 (2.0 mmol/g). b All
of the purified products were checked by LC/MS.
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product mixture containing the thioxotriazine derivatives 6a
and 7a are shown in Figure 3. The crude product of 7-methyl-
8-cyanonitrile-1,2,3,4-tetrahydro pyrazolo [1,5-a][1,3,5]-2-
oxo-4-thioxotriazine 6a was produced in high purity by
phenylisocyanate addition and cyclization reaction of 4a with
Et3N in THF at 40 °C (entry 1 in Table 1, see Figure 3,

LC/MS spectrum of the crude product 6a). Similarly,
cyclization reaction of 5a with phenylisocyanate also gives
7a in good purity crude product (entry 1 in Table 2, see
Figure 3, LC/MS spectrum of the crude product 7a).

Having established a flexible method for solid phase
synthesis of 7,8-functionalized pyrazolo[1,5-a][1,3,5]-2-oxo-
4-thioxotriazine derivatives 6 and 7, our attention next turned
to the evaluation of the potential drug properties of members
of this family. In general, the goal of a drug discovery process
is to synthesize chemical entities which are orally bioavail-
able, that is, they possess physicochemical properties that
allow them to be absorbed into the gastrointestinal system.
Lipinski’s Rule9 and similar formulations served as guide-
lines for an estimation of the physicochemical properties of
the 7,8-functionalized pyrazolo[1,5-a][1,3,5]-2-oxo-4-thioxo-
triazine derivatives calculated using Accord for Excel func-
tions.10 Of particular interest were the key bioavailability
parameters molecular weight, lipophilicity, number of hy-
drogen bond donors and acceptors, number of rotatable
bonds, and polar surface area. The results of these physico-
chemical property data were indicated in the Supporting
Information. As can be seen by viewing the data, most of
the key parameters for members of the constructed library
fall within the range of those predicted to be reasonable oral
availability drug-like libraries based on commonly known
rule.

In conclusion, the results of the investigation described
above demonstrate that 7,8-functionalized pyrazolo[1,5-
a][1,3,5]-2-oxo-4-thioxotriazine derivatives 6 and 7 can be
efficiently prepared by using a concise solid phase synthetic
sequence involving the intermediacy of the 5-amino-1-
dithiocarboxypyrazole resins 4 and 5. Cyclization reactions

Table 2. Products, Yields, and Purities of 7-Substituted-8-
ethylcarboxy-1,2,3,4-tetrahydropyrazolo [1,5-a][1,3,5]-2-
oxo-4-thioxotriazine Derivatives 7

product R1 R2 yielda (%) purityb (%)

7a H Ph 27 99
7b H 4-Me-Ph 20 99
7c H 4-Et-Ph 23 99
7d H 4-t-Bu-Ph 22 99
7e H 4-MeO-Ph 28 99
7f H 4-NO2-Ph 20 99
7g H 4-F-Ph 11 99
7h H 3-CF3-Ph 23 99
7i Me Ph 25 99
7j Me 4-Me-Ph 23 99
7k Me 4-Et-Ph 29 97
7l Me 4-t-Bu-Ph 27 98
7m Me 4-MeO-Ph 26 99
7n Me 4-NO2-Ph 27 99
7o Me 4-F-Ph 22 99
7p Me 3-CF3-Ph 18 99
7q Me benzyl 25 99
7r Ph Ph 25 99
7s Ph 4-Me-Ph 26 99
7t Ph 4-Et-Ph 30 99
7u Ph 4-t-Bu-Ph 29 97
7v Ph 4-MeO-Ph 25 99
7w Ph 4-NO2-Ph 28 99
7x Ph 4-F-Ph 28 99
7y Ph 3-CF3-Ph 26 99
7z Ph benzyl 24 99

a Five-step overall yields from Merrifield resin 1 (2.0 mmol/g). b All
of the purified products were checked by LC/MS.

Figure 3. LC/MS spectra of the crude products 6a and 7a, cleaved from resins 4a and 5a, respectively, after cyclization reaction with
phenylisocyanate. The crude product was treated with syringe filter(Whatman) before LC/MS injection.
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of pyrazole resins 4 and 5, promoted by treatment with
various substituted aryl isocyanates results in liberation from
the resins of the respective target 7,8-functionalized-pyra-
zolo[1,5-a][1,3,5]-2-oxo-4-thioxotriazines derivatives 6 and
7 in high overall yields and purities. Finally, the calculated
physicochemical properties of members of the constructed
library fall within orally available drug-like ranges.
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