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ABSTRACT

20 mol % Nal )
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S H™_INR?R? 90°C, 3h R3
up to 95% yield

A new N-sulfonyl formamidine synthesis was developed via Nal-catalyzed direct condensation of sulfonamide and formamide. The green
methodology is featured by high atom economy, easily available starting materials, the lack of need for a transition-metal catalyst, no requirement
of hazardous reagent, operational simplicity, and good tolerance with diverse functional groups. Mechanistic studies suggest that the protocol

proceeds based upon in situ generated TsN - Nal.

N-Sulfonylamidines are unique structural motifs in many
bioactive natural products and pharmacophores,' and
they also serve as useful synthetic intermediates® (Figure 1)
and efficient coordinating ligands.® Conventional methods
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known for making N-sulfonylamidines involve harsh con-
ditions and corrosive and/or specially designed reagenps.“
Recently, Chang et al.,”* ™ Fokin et al.,>** and others”°°
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have reported pioneering Cu-catalyzed three-component
reactions to construct N-sulfonylamidine. In addition, de-
hydrogenation of tertiary amine and a tandem reaction with
sulfonyl azide offer another elegant alternative for the N-
sulfonylamidine synthesis.” These achievements were dis-
tinguished by a wide substrate scope, mild conditions, and
potential synthetic utility. Herein, we described a funda-
mentally different strategy to N-sulfonyl formamidine based
on the direct condensation of sulfonamide and formamide.
Remarkably, the methodology is free of a transition-metal
catalyst, has high atom economy, and does not involve
potentially explosive sulfonyl azide.

see ref 2e

see ref 2d

Figure 1. Selected examples of N-sulfonyl formamidines.

In theory, direct condensation of sulfonamide and for-
mamide represents the most straightforward and atom
economic method for the synthesis of N-sulfonyl form-
amidines. While the condensation of amine and a carbonyl
compound is the most popular method for the synthesis
of imine, the analogous version of sulfonamide and for-
mamide remains a challenge (Scheme la), which can be
attributed to the low reactivity of sulfonamide and
formamide.® We envisioned that prefunctionalization of
sulfonamide would lead to the desired result. Chloramine-
T was used as a reaction partner, and the corresponding
N-sulfonyl formamidine 3a was obtained, albeit in low
yield (Scheme 1b). Next, TsN-KI, a stronger nucleophile
than chloramine-T, was prepared’ and subjected to the reac-
tion in the presence of N,N-dimethylformamide (DMF). As
expected, a significant increase in yield of N-sulfonyl for-
mamidine 3a was observed (Scheme 1c).

Scheme 1. Preliminary Test for N-Sulfonyl Formamidine
Synthesis
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Hypervalent iodine reagents have gained wide interest as
mild oxidants in organic synthetic chemistry.'® Recently, a
novel C—H oxidation, based upon in situ generation of
(hypo)iodite by the action of iodide and H,O,/TBHP, was
developed by Ishihara and co-workers."" Inspired by this
seminal work, we speculated that in situ generation of
TsN-KI from the reaction of iodite with TsNH,'? and
subsequent condensation with DMF would provide the N-
sulfonyl formamidine 3a in higher yield (compared to
Scheme 1c). In support of this hypothesis, we treated a
mixture of TsNH, and DMF in the presence of 20 mol %
KIand 2.8 equiv of TBHP at 90 °C for 3 h, and the desired
N-sulfonyl formamidine 3a was obtained in high yield
(Table 1, entry 12).

Notably, the reaction was not sensitive to moisture and
air and could be performed in an open flask. The optimiza-
tion of reaction conditions is illustrated in Table 1. The use
of Nal as a catalyst provided the best result for this
transformation (Table 1, entry 1). When other iodide
catalysts were used, the desired product 3a was generated
in moderate to high yield (Table 1, entries 11, 13—15).
Interestingly, the use of BuyNI as a catalyst,'* which was
successfully employed in our previous studies, > resulted
in a comparable product yield (Table 1, entry 14). Con-
sidering the economic aspect and availability, Nal was
identified as a catalyst for all the reactions performed
thereafter. In the absence of catalyst or oxidant there was
no conversion to N-sulfonylamidine 3a (Table 1, entries
9—10). It was noteworthy that the nature of the oxidant
plays an important role in the observed yield, and negli-
gible N-sulfonylamidine 3a was obtained when other
common oxidants were used (Table 1, entries 2—6). Cat-
alytic NaBr or NaCl was unsuccessful, which indicated
that the use of iodide was essential for this transformation
(Table 1, entries 7—8). It is noteworthy that no transition-
metal catalyst was required for the transformation. When
the reaction was performed in the presence of Pd or Cu
salts, only a trace amount of N-sulfonylamidine 3a was
detected (Table 1, entries 16—17).
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Table 1. Optimization of Reaction Conditions”

9 j)\ catalyst, oxidant _Q—E_N
@g_NH2 T HTNMe, T 900 ah & N
1a 2a 3a

entry catalyst oxidant yieldb
1 Nal TBHP 90%
2 Nal Oxone N.D.C
3 Nal NaClO N.D.
4 Nal H202 N.D.
5 Nal 0O, N.D.
6 Nal benzoquinone N.D.
7 NaBr TBHP N.D.
8 NaCl TBHP N.D.
9 - TBHP N.D.
10 Nal - N.D.
11 Lil TBHP 67%
12 Kl TBHP 88%
13 1o TBHP 49%
14 Bu,Nl1 TBHP 90%
15 Cul TBHP 63%
16 PdCl, TBHP <5%
17 CuCl TBHP <5%
18 Nal TBHP 80%

“Reaction conditions: 0.5 mmol of TsNH, (1a), 20 mol % catalyst,
1.4 mmol of TBHP (70% aqueous solution) in 2.0 mL of DMF (2a) at
90 °C for 3 h. ?Isolated yield. ¢ Not Detected. 100 mmol of TsNH, (1a)
were used.

To evaluate the generality of the Nal-catalyzed conden-
sation reactions, we next applied this process to a range of
sulfonamides and formamides as shown in Figure 2. In
general, introduction of an electron-withdrawing or -do-
nating group on the sulfonamides did not play a significant
role in the reaction efficiency, leading to the corresponding
N-sulfonyl formamidines in good to excellent yields. Ha-
lides were left untouched under the optimized conditions,
in which the products could be further functionalized via
transition-metal-catalyzed cross-coupling (Figure 2, pro-
ducts 3e—3g). The reaction proceeded smoothly even in the
presence of sensitive functional groups including aldehyde,
ester, benzyl, nitro, and amide. It is noteworthy that
sulfonamide bearing removable functional group BocNH-
was readily reacted with DMF, leading to N-sulfonylami-
dine 3nin high efficiency. In addition, a heterocycle such as
thiophene also participated in the reaction under the
optimized conditions (Figure 2, product 3f). Butane-
1-sulfonamide, an alkyl sulfonamide, worked for this reac-
tion, and the N-sulfonylamidine 3q was obtained in 71%
yield. To our satisfaction, an array of formamides includ-
ing N,N-diethylformamide, 4-formylmorpholine, 1-formyl-
piperidine, and 1-formylpyrrolidine were suitable reaction
partners, furnishing the corresponding N-sulfonylamidines
3s—3v in moderate to excellent yields.

Remarkably, the reaction could be readily scaled up to
100 mmol, and the desired N-sulfonyl formamidine 3a
was achieved in 80% yield by simple recrystallization
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Figure 2. Nal-catalyzed N-sulfonylamidines synthesis. Reaction con-
ditions: 0.5 mmol of sulfonamide, 1.4 mmol of TBHP (70% aqueous
solution), 20 mol % Nal in 2.0 mL of formamide in 90 °C for 3 h.

(Table 1, entry 18), thus rendering this methodology
highly practical. In order to demonstrate further use of
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Scheme 2. Synthetic Application of the Methodology
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the methodology, we design a synthetic application for
drug discovery. N-Sulfonyl formamidine 5 is a precur-
sor to a KATP channel blocker molecule.'* Under the
optimized conditions, 5 was constructed in high 90%
yield through direct condensation of sulfonamide 4 and
DMF (Scheme 2).

Scheme 3. Investigation on Reaction Mechanism

j;\ 2.0 equiv PhI(OAC); Q
—< >— NHz + Ny 7 m
o NMe, o LI\

1a

N
2a m 3a, 20%

soary + K _Q_g“'\\_/ (5]
H NMeo o N\

1a 2a 3a, T0%

20 mol % TsN.Nal

Further investigation focused on the mechanistic studies
of the methodology. When TsNH, was treated with
PhI(OAc),,"” an in situ generated nitrene 6 was reacted
with DMF to provide N-sulfonyl formamidine 3a in low
yield (Scheme 3a). Next, TsN-Nal was synthesized'® and
used as a catalyst, and N-sulfonylamidine 3a was obtained
in 70% yield (Scheme 3b). Therefore, we preferred that
TsN-Nal, not nitrene 6, was the reaction intermediate in
the transformation.

(16) TsN-Nal was prepared according to ref 9 in the presence of
NaOH and iodine.
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Figure 3. Key intermediates in the transformation.

On the basis of the above experimental studies, we
suspected two key intermediates were involved in the
transformation as shown in Figure 3. Initially, RSO, - Nal
A is generated from R;SO,NH, in the presence of Nal and
TBHP. Next, the nucleophilic attack of A to a formamide
forms intermediate B. Decomposition of B leads to the
desired N-sulfonyl formamidine.

In summary, we have described an efficient synthetic
methodology for C—N bond formation based upon in situ
generation of TsN - Nal. This new type of condensation of
sulfonamide and formamide for N-sulfonyl formamidine is
featured by high atom economy, easily available starting
materials, the lack of need for a transition-metal catalyst,
no requirement of a hazardous reagent, operational sim-
plicity, and good tolerance with diverse functional groups.
Further studies on mechanism details and reaction expan-
sion based on TsN-Nal are currently underway in our
laboratory.
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