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ABSTRACT: Simple solid-phase synthesis of 3,10-dihydro-2H-
benzo[e]imidazo[1,2-b][1,2,4]thiadiazin-2-one 5,5-dioxides is de-
scribed, with Fmoc-α-amino acids and 2-nitrobenzenesulfonyl
chlorides (2-NosCls) being the key building blocks. Fmoc-α-amino
acids were immobilized on Wang resin and transformed to the
corresponding 2-nitrobenzenesulfonamides in two steps. After
reduction of the nitro group, Fmoc-thioureas were synthesized followed by cyclization of the 1,2,4-benzothiadiazine-1,1-dioxide
scaffold with diisopropylcarbodiimide (DIC). Cleavage of the Fmoc protecting group followed by spontaneous cyclative cleavage
gave the target products in excellent crude purity.
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■ INTRODUCTION

2-Nitrobenzenesulfonyl chloride (2-NosCl) and 4-nitrobenze-
nesulfonyl chloride (4-NosCl) are frequently used reagents in
organic synthesis. They have typically been used for the
preparation of the corresponding nitrobenzenesulfonamides
which allows monoalkylation of a primary amino group with
use of either alkyl halides or alcohols.1 After alkylation, the
nitrobenzenesulfonyl group can be smoothly removed by
treatment with ethanethiol/DBU cleavage cocktail. In our
previous research, we used this strategy for the preparation of
some benzodiazepinones2 (use of 2-NosCl) or tetrahydroben-
zodiazepinones3 (use of 4-NosCl). Alternatively, 2-NosCl and
4-NosCl can be used as common building blocks for small
molecules synthesis. Quite recently Krchnak et al. reported an
interesting synthetic pathway leading to indazol derivatives via
polymer supported N-(2-nitrobenzenesulfonyl)-amino acids.4,5

Inspired by this contribution we proposed the use of N-(2-
nitrobenzenesulfonyl)-α-amino acids) for the preparation of
3,10-dihydro-2H-benzo[e]imidazo[1,2-b][1,2,4]thiadiazin-2-
one 5,5-dioxides (Figure 1). The target scaffold was initially
synthesized in 2010 by Saito et al. with use of traditional
solution-phase synthesis (Scheme 1).6

The single published strategy is based on aza-Wittig reaction
using iminophosphoranes as the key synthons, prepared from
2-azidobenzenesulfonyl chlorides and α-amino acids methyl

esters. While being efficient, this synthetic approach relies on
the somewhat problematic availability of starting azidobenze-
nesulfonyl chlorides, and also relies on purification by silica gel
chromatography throughout the reaction sequence. Biological
properties of 3,10-dihydro-2H-benzo[e]imidazo[1,2-b][1,2,4]-
thiadiazin-2-one 5,5-dioxides have never been reported, but the
structure is very closely related to Anagrelide (Agrylid/
Xagrid),7,8 a drug used for the treatment of essential
thrombocytosis,9,10 overproduction of blood platelets and
chronic meyloid leukemia (Figure 1).11

Because of this similarity, we presumed promising
pharmacological properties of the target compounds and we
focused on the development of a convenient and modular solid-
phase12 method for the preparation of libraries to study
potential structure−activity relationships. To make the method-
ology generally applicable, we used only commercially available
building blocks and common coupling reagents and procedures.
A key element is the cyclative release of the completed products
from the synthesis resin at the last step.
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Figure 1. General structure of target compounds and Anagrelide.

Scheme 1. Target Scaffold and Synthesis of Analogueical
Compounds by Saito et al.
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■ RESULTS AND DISCUSSION

The general synthetic approach is shown in Scheme 2. The first
two steps are based on traditional solid-phase peptide synthesis
using Wang resin and Fmoc-α-amino acids. To verify the
synthetic route, Wang resin was acylated with Fmoc-L-Ala-OH
followed by cleavage of the Fmoc protecting group with
piperidine. The intermediate 2{2} was reacted with 2-
nitrobenzenesulfonyl chloride and subsequently the nitro
group of sulfonamide 3{2,1} was reduced using the sodium
dithionite method reported recently.13 Reaction of 4{2,1} with
Fmoc-NCS gave the corresponding Fmoc-thiourea 5{2,1}
which after treatment with DIC, furnished intermediate
6{2,1} in excellent crude purity (96%, calculated from LC/
UV traces). Cleavage of the Fmoc protecting group was
followed by spontaneous intramolecular aminolysis of ester
bond and the target product 7{2,1} was released from the
polymer support by a cyclative cleavage.14 Separation of the
product from the fluorenylmethylpiperidine byproduct formed
after Fmoc protecting group removal was easily accomplished
by reverse phase semipreparative HPLC. The model compound
7{2,1} was obtained in a very good overall yield of 45%.
To evaluate the scope and limitations of our method we

selected representative building blocks with variable electronic
and steric properties: five 2-nitrobenzenesulfonyl chlorides with
electron-donating or electron-withdrawing ligands were tested,
as well as four Fmoc-amino acids with different substitution of a
side chain (Figure 2). With use of the split-and-split method12

and polypropylene fritted syringes, we prepared the full 4 × 5
library of 20 compounds. The purities of crude intermediates
6{R1,R2} ranged from 63% to 98% and the final compounds
were obtained in good overall yields (Table 1).
In addition, we investigated the possible use of the reaction

sequence for the preparation of N1-substituted derivatives of

compounds 7 by replacing Fmoc-NCS with benzyl-NCS.
Surprisingly the reaction with 4{2,1} did not take place, even at
elevated temperature. Benzyl-NCO provided the intermediate
10 in excellent purity but unfortunately the following
cyclization with DIC was not successful (Scheme 3) and only
the starting material was recovered. When the resin 10 was
heated to reflux in toluene, the compound decomposed to give
only a mixture of unknown compounds.
In the preparation of 5-noranagrelide derivatives based on a

similar solid-phase approach we observed complete racemiza-
tion of the single stereocenter.15 For this reason, we evaluated
the effect of the cyclization reaction on the potential
racemization of 7{R1,R2} by synthesizing compound 7DL{2,1}
from an equimolar mixture of Fmoc-D-Ala-OH and Fmoc-L-
Ala-OH. The compounds 7DL{2,1} and 7{2,1} were subjected
to chiral HPLC analysis (Chiralpak IF column), revealing that
partial racemization occurred (enantiomer ratio 62:38,
Supporting Information) during the synthesis of 7{2,1} from
the enantiopure starting material. The effect of the stereocenter

Scheme 2. Synthetic Pathway Leading to Target Compoundsa

aReagents and conditions: (i) Fmoc-amino acid, DIC, HOBt, DMAP, DCM, DMF, rt, overnight; (ii) piperidine, DMF, rt, 30 min; (iii) 2-
nitrobenzenesulfonyl chloride, 2,6-lutidine, DCM, rt, overnight; (iv) sodium dithionite, potassium carbonate, TBAHS, water, rt, 2 h; (v) Fmoc-NCS,
THF, rt, overnight; (vi) DIC, DMF, rt, overnight; (vii) piperidine, DMF, rt, 30 min.

Figure 2. Building blocks successfully used for verification of the
synthetic route.
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substitution (different R1 ligands) and reaction conditions on
the resulting stereochemistry will be studied in the near future.
In conclusion, we have developed a convenient high-

throughput synthesis of Anagrelide sulfonyl analogues with
two diversity positions based on solid-phase chemistry on
Wang resin. The reaction sequence can be accomplished in 4
days with only ca. 60 min total hands-on time. Various building
blocks were tested and a model library of 20 compounds was
prepared and fully characterized. The target substances were
isolated in good overall yields. Since a number of building
blocks (particularly Fmoc-amino acids, both natural and non-

natural) are commercially available, the developed method can
be applied for the simple preparation of sizable chemical
libraries of this privileged molecular scaffold.
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