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ABSTRACT: A sulfur-functionalized aminoacrolein derivative is used for the efficient and selective synthesis of heterocyclic
sulfonyl chlorides, sulfonyl fluorides, and sulfonamides. The development of a 3-step parallel medicinal chemistry (PMC)
protocol for the synthesis of pyrazole-4-sulfonamides effectively demonstrates the utility of this reagent. This reactivity was
expanded to provide rapid access to other heterocyclic sulfonyl fluorides, including pyrimidines and pyridines, whose
corresponding sulfonyl chlorides lack suitable chemical stability.
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Sulfonamides hold a privileged role in drug discovery efforts
due in part to the unique electronic and conformational

properties they impart on compounds.1 Though various
conditions exist for the synthesis of sulfonamides,2 including
Pd-catalyzed coupling reactions3 and electrophilic amination
reactions of sulfinate salts,4 the vast majority of sulfonamide
syntheses are accomplished by the reaction of an amine with a
sulfonyl chloride. This strategic bond disconnection neces-
sitates robust methods for the synthesis of the requisite sulfonyl
halide. Therefore, we view the efficient and general access of
varied classes of sulfonyl chlorides as a valuable goal, applicable
to numerous drug discovery projects.
In particular, recent project work required a means to

generate 1-substituted pyrazole-4-sulfonyl chlorides (of type 5)
in order to rapidly assess the structure-activity-relationship
(SAR) around this particular sulfonamide motif. Initial attempts
at synthesizing this class of chlorides focused on direct Friedel−
Crafts sulfonylation of N-substituted pyrazoles by heating in
chlorosulfonic acid5 (Figure 1, A). Substrates bearing a variety
of N-substituents were examined to assess the generality of this
method for synthesizing sulfonyl chlorides with broad chemical
diversity. In exploring this chemistry, we often observed
formation of varying mixtures of regioisomeric sulfonyl
chlorides (eg., 2a and 2b) as a function of the N-substituent,
along with low overall yield. Isolation of the desired sulfonyl
chloride or the resulting sulfonamide was made more difficult
by the inability to distinguish the regioisomeric byproducts
during isolation by mass-triggered reverse phase HPLC
purification. Furthermore, we were limited to using preformed
N-substituted pyrazoles as starting materials, which were of
relatively limited supply in the corporate monomer store.

An alternative strategy was sought in which the de novo
synthesis of a pyrazole ring bearing appropriate functionality
would alleviate any potential regioselectivity issues and avoid
the harsh reaction conditions associated with pyrazole
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Figure 1. Synthesis of pyrazole-4-sulfonyl chlorides.
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functionalization. Herein, we present a realization of this
strategy by the identification of a bis-electrophilic reagent which
contains a low-valent sulfur functionality, allowing for the
synthesis of pyrazoles via a condensation reaction with readily
available hydrazines (Figure 1B).
We identified the aminoacrolein derivative 36 as an

appropriate reagent for the formation of pyrazole-4-thioethers.
The use of 3 allows for incorporation of the required sulfur
substitution from the initial pyrazole synthesis.7 As a result, the
problems encountered with later-stage heterocycle functional-
ization are obviated. Furthermore, rich literature precedent
exists for the oxidative conversion of low-valent sulfur
precursors to sulfonyl chlorides under mild reaction con-
ditions.8 We identified the benzyl thioether9 as an appropriate
synthetic handle to allow for the generation of the desired
sulfonyl chloride (Scheme 1).

Thioether 3 is a shelf stable and odorless solid, easily
accessible in multigram quantities by the reaction of N,N-
dimethylamino acrolein with benzyl sulfenyl bromide,
generated in situ from dibenzyl disulfide and bromine.
Demonstration of the desired reactivity began with con-
densation of p-tolylhydrazine·HCl with 3. Refluxing in ethanol
smoothly provided the functionalized pyrazole 6. It was found
that the oxidation of 6 was effected by treatment with a
preformed solution of N-chlorosuccinimide and HCl in
MeCN.10 Clean conversion to the sulfonyl chloride 7 was
observed after simple aqueous workup. The only byproducts
identifiable by 1H NMR analysis were the expected:
succinimide and benzyl chloride. Treatment of the crude
mixture with a representative amine in pyridine cleanly
provided the desired sulfonamide 8 in 83% yield over two
steps (Scheme 1).
The ability to rapidly probe the SAR of a particular chemical

series by means of library or parallel medicinal chemistry
(PMC) enabled synthesis is an important tool in drug
discovery.11 The high overall yield and the clean reaction
profiles of the transformations involved suggested this
procedure would translate well into a PMC mode. To
demonstrate this, a library using 13 structurally varied
hydrazines, each crossed with an alkyl and aryl amine template,
was run with conditions essentially identical to those developed

for the standard reaction protocol. The isolated yields of final
targets for this library are presented in Table 1.
The three-step procedure was run without purification of

intermediates, and products were isolated by means of mass-
triggered semiautomated HPLC purification. It is important to
note that, unlike for the reactions run in Scheme 1, the

Scheme 1. Development of Selective Pyrazole-4-sulfonamide
Synthesis

Table 1. PMC Synthesis of Pyrazole-4-sulfonamidesa

aIsolated yield given after three steps. General conditions: Step 1, HCl
omitted when hydrazine was available as HCl salt, 0.20 M, 80 °C, 2 h;
step 2, 0.15 M, 0 °C to rt, 1.5 h; step 3, 0.1 M, rt, 12 h.
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operations involved with running these 26 reactions in parallel
are optimized with overall success rate, as opposed to individual
chemical yields, in mind. As a result, it is common that workup,
isolation, and purification processes lead to sub optimal isolated
yields, but provide sufficient quantities of final targets for
biological screening in drug discovery programs. This is typical
of PMC enabled chemical syntheses, which strive to make
numerous compounds quickly instead of fewer compounds in
maximal yield. This distinction is represented in the occasion-
ally low and variable yields observed for even structurally
related hydrazines in Table 1.
The data presented in Table 1 do demonstrate a more critical

result for PMC syntheses: high monomer success rate, defined
as number of final targets isolated divided by the number of
monomers submitted to the library. Under these conditions,
the desired pyrazole-4-sulfonamides were recovered with high
overall success rates: 85% for the aryl amine and a 92% for the
alkyl amine template (Table 1).12 The protocol was effective for
electron-deficient (Table 1, entry 6) and electron-rich (Table 1,
entry 2) aryl hydrazines, as well as alkyl hydrazines (Table 1,
entries 1 and 3) including those with sterically hindered α-
branching (Table 1, entries 7, 9, 12, and 13). The high success
rate for both amine types along with the structural variety
accessible via the hydrazine monomers makes this PMC
protocol particularly valuable, allowing for variation in two
vectors from a central pyrazole core in only three chemical
steps.13 In addition, the relatively mild nature of the reaction
conditions make this protocol applicable to more heavily
functionalized and pharmaceutically relevant hydrazines and
amines which are stable to the acidic oxidation procedure.
We sought to demonstrate that the low yields observed for

some substrates were likely attributable to the working realities
of PMC synthesis discussed above. A poorly performing
example was selected from Table 1 and repeated using
techniques associated with typical batch-style synthetic
laboratory execution (Scheme 2). To this end, the 3-step

conversion of hydrazine 10{8} to sulfonamide 9{8,2} was
conducted without purification of any intermediates, and final
chromatographic isolation afforded 9{8,2} in 54% overall yield
after three steps. This clearly demonstrates that the 10% yield
observed in the library synthesis of 9{8,2} (Table 1, entry 8) is
not due to a lack of robustness or reproducibility of the
synthetic route.
Beyond the synthesis of pyrazoles, we recognized that 3 may

be suitable for the synthesis of a wide range of sulfur-
functionalized heterocycles. With this in mind, we explored the
condensation of bis-electrophile 3 with other bis-nucleophiles,
including amidines and amino-acrylates.14 We were delighted to
find that these reactions cleanly afforded functionalized
pyrimidine (12) and pyridine (13), respectively (Scheme 3).
Given the instability of many electron-deficient heterocyclic

sulfonyl chlorides,15 we opted to investigate the oxidative
cleavage of these intermediates for the synthesis of the more
chemically stable sulfonyl fluorides.16,17 The solvent for the
oxidation was switched from MeCN to DCM due to decreased
solubility of these thioethers. Optimization then required
identification of a viable fluoride source. The use of KHF2 was
evaluated under various phase-transfer conditions, but provided
low yields of the desired sulfonyl fluoride. Ultimately the more
organic soluble benzyl trimethylammonium fluoride was found
to give the best conversion to the sulfonyl fluoride. Exposure of
a solution of thioether and fluoride source in DCM with a
minimal amount of water to a preformed mixture of oxidant
cleanly and rapidly afforded full conversion to the isolable
sulfonyl fluorides (14, 15).18,19

In conclusion, we have demonstrated the utility of 3 as a
valuable synthon for the selective generation of heterocycles
bearing appropriate functionality for facile conversion to
sulfonyl chlorides, sulfonyl fluorides and sulfonamides. The
power of this method is demonstrated by its use in a three-step
PMC protocol affording sulfonamide products of possible value
in drug discovery programs, with high success rates from readily
available and diverse hydrazine monomers. Furthermore, rapid
access to pyrimidyl and pyridyl sulfonyl fluorides promises
potential entry into chemical space not accessible via the
corresponding sulfonyl chlorides because of inherent instability
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