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An efficient approach for C–N bond construction by the coupling reaction of arylsulfonyl hydrazides and

Csp2–X compounds is described for the first time with good yields at room temperature. The reaction

promoted by the simple base DMAP displays excellent regioselectivity as well as high functional group

tolerance with 41 examples. Even for inactive Csp2–Cl compounds, the metal-free transformation also

affords a satisfactory yield after prolonging the reaction time, which is comparable to that of the

corresponding Csp2–Br compound. The good effect of DMAP and its action mechanism are confirmed

by the competitive experiments of reactivity between Cl-substituted and Br-substituted substrates and

the single-crystal X-ray analysis of the key intermediate quaternary ammonium salt. Importantly, the

application of this method for a gram-scale (even over 10 g) preparation can be accomplished.
Introduction

Due to good stability and reactivity, readily available arylsul-
fonyl hydrazides have attracted considerable attention and been
widely used in the synthesis of various natural products and
bioactive molecules.1,2 Particularly, arylsulfonyl hydrazides have
usually been employed as arylation,3 sulfonylation4 or thio-
etherication5 agents to construct C–C or C–S bonds for the
synthesis of aromatic hydrocarbons, sulfones and thioethers in
recent years.

For the reaction between arylsulfonyl hydrazides and
halides, sulfonyl hydrazides are generally used to react with
Csp3–X (I, Br, Cl) compounds in the presence of a strong base
such as sodium hydride to form N-substituted sulfonyl
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hydrazides1,6 (Scheme 1a). However, there are only a few studies
on the reaction between sulfonyl hydrazides and less active
Csp2–X compounds. The limited number of reports mainly
concentrate on the formation of a C–S bond by the copper-
catalyzed arylthiolation (Scheme 1b)7 and sulfonylation reac-
tion (Scheme 1c).8

To our knowledge, the reaction of building C–N bond
between Csp2–X compounds and sulfonyl hydrazides to form N-
substituted sulfonyl hydrazides has not been reported yet in the
previous researches. Herein, we reported a metal-free catalytic
reaction between sulfonyl hydrazides and non-aromatic Csp2–X
(X ¼ Br, Cl) compounds, 3,4-dihalo-2(5H)-furanones, in the
presence of readily available organic base DMAP at room
temperature (Scheme 1, this work).
Scheme 1 The reaction of arylsulfonyl hydrazides with halides.
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Results and discussion
Optimization of reaction conditions

For the rst time, we provide a new approach for C–N bond
construction by the coupling reaction of Csp2–X compounds and
sulfonyl hydrazides. More importantly, this approach is also
adapted to the less active Csp2–Cl compounds, which can afford
comparable yield to Csp2–Br compounds. Moreover, the 2(5H)-
furanone moiety is frequently found in natural products9 and
drug molecules,10,11 which makes the synthesis of 2(5H)-fur-
anone compounds with polyfunctional groups pharmaceuti-
cally valuable. Thus, we choose 3,4-dihalo-2(5H)-furanones as
non-aromatic Csp2–X (X ¼ Br, Cl) reactants in this investigation.

Initially, the condition parameters were optimized by
selecting the reaction of 3,4-dibromo-5-methoxy-2(5H)-furanone
1a and p-toluene sulfohydrazide 2a as the model reaction. As
shown in Table 1, the reaction does not occur in the absence of
catalyst (Entry 1). While using copper salt (CuI), 1,10-phenan-
throline (Phen) and sodium carbonate (Na2CO3) as the catalytic
system (Entry 2), the reaction still does not occur. Further
changing the base to potassium uoride (KF), the target product
3a can be obtained with 30% yield (Entry 3). Even without the
addition of CuI and Phen, 3a can also be obtained with 32%
yield (Entry 4). Thus, we did not use CuI and Phen any more in
the following screening. Controlling the other conditions,
Table 1 Optimization of reaction conditionsa

Entry Cat. (or additive) (eq.) 1

1 — 1
2 CuI (0.1) Phen (0.1) Na2CO3 (2.0) 1
3 CuI (0.1) Phen (0.1) KF (2.0) 1
4 KF (2.0) 1
5 DMAP (2.0) 1
6 DABCO (2.0) 1
7 DBU (2.0) 1
8 DMAP (2.0) 1
9 DMAP (2.0) 1
10 DMAP (2.0) 1
11 DMAP (2.0) 1
12 DMAP (2.0) 1
13 DMAP (2.0) 1
14 DMAP (2.0), TBAI (0.03) 1
15 DMAP (2.0), TBAI (0.03) 1
16 DMAP (2.0), TBAI (0.03) 1
17 DMAP (2.0), TBAI (0.03) 1
18 DMAP (1.0), TBAI (0.03) 1
19 DMAP (1.5), TBAI (0.03) 1
20 DMAP (2.5), TBAI (0.03) 1
21 DMAP (2.0), TBAI (0.03) 1
22 DMAP (2.0), TBAI (0.03) 1

a Reaction conditions: all reactions were performed with 1a (0.5 mmol),
b Isolated yield.

19918 | RSC Adv., 2019, 9, 19917–19923
different organic bases were also investigated (Entries 4–7).
Obviously, using 4-dimethylaminopyridine (DMAP) gives the
best yield of 3a, which is up to 53% (Entry 5).

The optimization of solvents was further carried out (Table 1,
Entries 8–12). The results indicate that dichloromethane (DCM)
is found to be the best in single solvent system and the yield of
3a can be 78% (Entry 11). We also discussed the effect of mixed
solvent system. In DCM–H2O with a volume ratio of 5 : 1, the
yield of 3a is decreased to 62% (Entry 13). However, aer the
addition of 3% tetrabutylammonium iodide (TBAI) as a phase
transfer catalyst, the yield of 3a is markedly increased to 82%
(Entry 14). Compared with other organic solvent and water with
a volume ratio of 5 : 1 as the mixed solvent (Entries 14–16), the
yield of 3a in DCM–H2O is the best (Entry 14). However, with the
increase of water fraction in this mixed solvent, the yield of 3a is
decreased to 70% (Entry 17).

It can be learnt from Entries 14 and 18–20 in Table 1 that the
amount of base also plays an important role in this reaction
system. The optimized dosage of DMAP is 2.0 eq. (Entry 14). In
addition, the feed ratio of reactants was discussed and the
results were collected in Entries 14 and 21–22. It can be found
that when the feed ratio of 1a and 2a is 1 : 1.2, the yield of 3a is
the highest value of 82% (Entry 14). Altering the reaction
temperature and time, no better changes can be achieved as
monitored by TLC. Thus, the optimized reaction conditions
a : 2a Solvent Yieldb (%)

: 1.2 DMF Trace
: 1.2 DMF Trace
: 1.2 DMF 30
: 1.2 DMF 32
: 1.2 DMF 53
: 1.2 DMF 49
: 1.2 DMF 38
: 1.2 EtOH 45
: 1.2 MeCN 65
: 1.2 THF 52
: 1.2 DCM 78
: 1.2 Toluene 37
: 1.2 DCM : H2O ¼ 5 : 1 62
: 1.2 DCM : H2O ¼ 5 : 1 82
: 1.2 DCE : H2O ¼ 5 : 1 76
: 1.2 Toluene : H2O ¼ 5 : 1 66
: 1.2 DCM : H2O ¼ 1 : 1 70
: 1.2 DCM : H2O ¼ 5 : 1 58
: 1.2 DCM : H2O ¼ 5 : 1 69
: 1.2 DCM : H2O ¼ 5 : 1 78
: 1 DCM : H2O ¼ 5 : 1 75
.2 : 1 DCM : H2O ¼ 5 : 1 79

2a (0.6 mmol) and solvent (3 mL), at room temperature (r.t.), 30 min.

This journal is © The Royal Society of Chemistry 2019
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were identied as 2.0 eq. DMAP, 3 mol% of TBAI, 1a : 2a ¼
1 : 1.2, a mixture of DCM and H2O (v : v¼ 5 : 1) as the solvent at
room temperature for 30 min.
Scope of reaction substrates

Under the optimized reaction conditions, we further studied the
scope of the reaction substrate with respect to 5-substituted 3,4-
dibromo-2(5H)-furanones and sulfonyl hydrazides, respectively.
The results are summarized in Table 2. Interestingly, all reac-
tions of 5-substituted 3,4-dibromo-2(5H)-furanones 1 and p-
toluene sulfohydrazide (2a) occur in high yields (70–86%, 3a–
3j). Especially, the substituted 2(5H)-furanones with 5-alkoxy,
such as methoxy, ethoxy, n-butoxy, n-hexyloxy (HexO), iso-
propoxy, cyclohexyloxy (CyO), can give the products in good
yields (78–86%, 3a–3g). For example, 82% of 3a (methoxy) was
isolated, while 3f (isopropoxy) is obtained in 81% yield. Even for
the larger CyO, the product 3g was also successfully obtained
and the yield is as high as 78%. Thus, the steric hindrance effect
of 5-substituted group on the yield is not particularly obvious.

Noteworthily, the catalytic process is highly chemoselective
in a case where 2(5H)-furanone contains more than one
potentially reactive group. For example, for the substrate of 6-
Table 2 Substrate scope of various 5-substituted 3,4-dibromo-2(5H)-
furanones 1 and sulfonyl hydrazides 2a,b

a Reaction conditions: 1 (0.5 mmol), 2 (0.6 mmol), DMAP (1.0 mmol),
DCM (2.5 mL), H2O (0.5 mL) and TBAI (0.015 mmol) were added and
stirred at room temperature until complete consumption of 1, which
was monitored by TLC. b Isolated yield.

This journal is © The Royal Society of Chemistry 2019
chlorohexyloxy, the sulfonyl hydrazide is highly selective to
react with Csp2–Br at the C-4 of 2(5H)-furanone to form 3e,
instead of reacting with Csp3–Cl at the 5-substituted group.
Moreover, when 5-substituted group is benzyloxy (BnO), the
yield of 3h can also reach to 80% as expected. For the
substituted 2(5H)-furanones with aryloxy, e.g., phenoxy, biphe-
nyloxy (BPO), the relatively lower yields are obtained (70–76%,
3i–3j). Further, a series of 5-substituted 3,4-dibromo-2(5H)-fur-
anones as substrates 1 were explored in the reaction with phe-
nylsulfonyl hydrazide (2b). The reaction also has good tolerance
on different functional groups (e.g., alkoxy, aryloxy) in good
yields (72–84%, 3l–3o).

In addition, many arylsulfonyl hydrazides 2 with electron-
donating (e.g., methoxy) or electron-withdrawing (e.g.,
halogen, nitro, triuoromethyl) groups can react with 3,4-
dibromo-5-methoxy-2(5H)-furanone 1a to produce the corre-
sponding products 3p–3t in good yields (81–86%). As antici-
pated, heteroaryl sulfonyl hydrazide is also suitable in the
protocol with satisfactory result (3u). Importantly, benzyl
sulfonyl hydrazide, as a kind of alkyl-based sulfonyl hydrazides
can be successfully applied (3v). All the obtained products 3a–3v
have been characterized by 1H and 13C NMR spectroscopic
measurements including the single crystal X-ray structure of
3a,12 which can be seen in ESI† for details.
Reactivity of 3,4-dichloro-2(5H)-furanones

On the basis of above investigation on 3,4-dibromo-2(5H)-fur-
anones, we further studied the reactivity of the lower active 3,4-
dichloro-2(5H)-furanones with arylsulfonyl hydrazides. To our
delight, good productivity for these 3,4-dichloro-2(5H)-fur-
anones can also be gained by prolonging reaction time to 30–60
minutes, as shown in Table 3.

The experimental results reveal that the gratifying yields can
be obtained from both substrates bearing alkoxy and aryloxy
moieties as 5-substituted group. For the methoxy, propoxy, n-
butoxy, HexO, isopropoxy, CyO, the yield is from 78% to 86%
(4a–4f); for BnO (4g) and phenoxy (4h), the yields are 74% and
75%, respectively. Similarly, 5-substituted 3,4-dichloro-2(5H)-
furanones can also be reacted with phenylsulfonyl hydrazide
(2b) in yield of 73% to 82% (4i–4l). Especially, when arylsulfonyl
hydrazides 2 containing different functional groups, such as
alkoxy, halogen, nitro and CF3, are utilized to react with 3,4-
dichloro-5-methoxy-2(5H)-furanone 1, the corresponding prod-
ucts can be acquired with satisfactory yields (4m–4q). It is worth
noting that quinoline-2-sulfonohydrazide and benzyl sulfonyl
hydrazide are also suitable reaction partners for this novel
transformation (4r–4s).

Generally, the activity of the chlorinated substrates is lower
than that of the brominated substrates.11a,11c However, the above
results indicate that, comparing with 3,4-dibromo-2(5H)-fur-
anones, the yields given by 3,4-dichloro-2(5H)-furanones are not
reduced. The serial competitive experiments show that though
3,4-dibromo-2(5H)-furanones have higher activity and faster
reaction rate to complete the reaction in a shorter time, the
comparable yields can be obtained from the 3,4-dichloro-2(5H)-
furanones aer prolonging reaction time once the amount of
RSC Adv., 2019, 9, 19917–19923 | 19919
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Table 3 Substrate scope of various 5-substituted 3,4-dichloro-2(5H)-
furanones 1 and sulfonyl hydrazides 2a,b

a Reaction conditions: 1 (0.50 mmol), 2 (0.60 mmol), DMAP (1.0 mmol),
DCM (2.5 mL), H2O (0.5 mL) and TBAI (0.015 mmol) were added and
stirred at room temperature until complete consumption of 1, which
was monitored by TLC. b Isolated yield.
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sulfonyl hydrazide is enough also (see ESI† for details). These
indicate that the activity of DMAP is so high that it is very easy
for DMAP to form intermediate with 3,4-dihalo-2(5H)-furanones
(which is involved in the reaction mechanism, and will be dis-
cussed in the following). Hence, the reactivity of both 3,4-
dibromo-2(5H)-furanones and the 3,4-dichloro-2(5H)-furanones
can give close reaction yields.

Regioselectivity of reaction

The protocol shows excellent regioselectivity in the reaction. As
shown in Scheme 2, we did not nd the primary nitrogen
substituted product 3-I. Even increased the ratio of 1a : 2a to
4 : 1, neither 3-I nor N,N0-disubstituted product 3-II was detec-
ted. This means the primary nitrogen in arylsulfonyl hydrazide
Scheme 2 Regioselectivity of reaction.

19920 | RSC Adv., 2019, 9, 19917–19923
does not participate in the reaction under our conditions. At the
same time, the product 3-III cannot be observed under the
standard conditions (even 1a : 2a ¼ 1 : 4). It indicates that the
bromine at the C-3 position of 3,4-dibromo-2(5H)-furanone 1a is
less active and does not participate in the reaction yet. There-
fore, for both kinds of reactants, 3,4-dihalo-2(5H)-furanones
and arylsulfonyl hydrazides, this transformation is highly
regioselective.

Plausible reaction mechanism

In order to gain more insight into our reaction mechanism, two
control experiments were performed using 2.0 eq. radical
inhibitor 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) or 2,6-
di-tert-butyl-4-methylphenol (BHT) under the standard condi-
tions (Scheme 3, eqn (1)). It can be found that the desired
product 3a is still obtained in 78% and 82% yields, respectively.
These observations demonstrate that a radical process should
be excluded in this transformation.

Organocatalysis plays an increasingly signicant role in
organic synthesis recently.13 DMAP has been widely used in
organic reaction as catalyst14,15 or base.16 During our experi-
ments, quaternary ammonium salt A was surprisingly found (its
chemical structure was conrmed by X-ray,12 see ESI† for
details). Furthermore, stirring 3,4-dibromo-5-methoxy-2(5H)-
furanone 1a and DMAP at room temperature for 30 min, the
isolated yield of compound A is 95% (Scheme 3, eqn (2)).
Compound A can further react with p-toluene sulfohydrazide 2a
to give the nal product 3a in isolated yield of 79% (eqn (3)).
These imply that compound A should be a key intermediate
during this process.

On the basis of the above experimental results and previous
reports,17 the secondary nitrogen of sulfonyl hydrazides is
regarded as a nonbasic amine maintaining its nucleophilicity.
Thus, a possible nucleophilic substitution process based on the
promotion mechanism of DMAP15,18 is proposed as illustrated
in Scheme 4.

Firstly, 3,4-dihalo-2(5H)-furanone 1 reacts with DMAP to
form the intermediate A by Michael addition–elimination.
Then, A is attacked by sulfonyl hydrazides 2, followed by the
regeneration of DMAP and the formation of product 3 (or 4). At
the same time, HX as leaving compound is absorbed by DMAP
to form salt B, which is transferred to the aqueous phase by
Scheme 3 Control experiments.

This journal is © The Royal Society of Chemistry 2019
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Scheme 4 Plausible reaction mechanism.
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TBAI as phase transfer catalyst, further promoting the conver-
sion. Therefore, DMAP plays dual roles as suitable organic base
and key catalyst.
Scale-up application

It is signicant to apply such a metal-free catalytic, effective,
and easy-to-operate method into practical use, such as large-
scale or industrial preparation. Using 3,4-dibromo-5-methoxy-
2(5H)-furanone 1a and p-toluene sulfohydrazide 2a as model
substrates for large-scale reaction under the standard condi-
tions, the results are shown in Table 4.

It can be found that with the increase of the amount of
reactant 1a from 0.5 to 50 mmol stepwise, the yield of product
Table 4 Large-scale of 5-substituted 3,4-dihalo-2(5H)-furanones 1
and arylsulfonyl hydrazides 2

Entry Amount of 1a Amount of 2a
Product
3a (g) Yielda (%)

1 0.1349 g (0.5 mmol) 0.1116 g (0.6 mmol) 0.1544 82
2 1.3493 g (5 mmol) 1.1163 g (6 mmol) 1.5042 80
3 4.0783 g (15 mmol) 3.3489 g (18 mmol) 4.3995 78
4b 8.1567 g (30 mmol) 6.6978 g (36 mmol) 8.4613 75
5c 13.5945 g (50 mmol) 11.1629 g (60 mmol) 13.9123 74

a Isolated yield. b 1 h. c 2 h. d Amount of 1 (5.0 mmol) and 2 (6.0 mmol).

This journal is © The Royal Society of Chemistry 2019
3a is gradually decreased. However, the yield of product 3a can
still reach to 74% (13.9123 g, Entry 5) even when the amount of
1a is expanded by 100 times. Similarly, the other products, such
as 3l, 4c and 4h, can also be obtained by large scale preparation
with good yields.

The above results not only may provide a new approach for
the development of 2(5H)-furanone derivatives with potentially
effective bioactivities. In addition, due to the existence of many
reactive functional groups in these sulfonyl hydrazide products,
the concise synthesis can be further extended in the future. For
example, the free amino group on the sulfonyl hydrazide moiety
may react with aldehydes and acyl halides to construct new
carbon–nitrogen double bond or amide bond, which will
promote the accessibility to the polyfunctionalized drug
molecules.
Conclusions

In summary, the C–N coupling reaction of Csp2–X compounds
with arylsulfonyl hydrazides was achieved for the rst time with
good yields. The protocol shows excellent reaction site selec-
tivity, which can realize coupling reaction of arylsulfonyl
hydrazides at the secondary nitrogen atom, as well as good
functional group tolerance for 2(5H)-furanone substrates,
involving in a variety of complex structures, such as ester, ether,
acetal units, lactone, aryl rings and C–X, C]C bonds. Impor-
tantly, the readily available Csp2–X compounds, including low-
reactive Csp2–Cl compounds, are also suitable for this DMAP
promoted method. Furthermore, the low cost of the reagents
and wide range of substrates make this novel discovery as
a powerful route for the synthesis of 2(5H)-furanone derivatives.
Owing to the biological activity of sulfonyl hydrazides,19 the
more derivatization synthesis and further biological activity
assay are still in progress.
Experimental
General information

Melting point was performed on an X-5 digital melting point
apparatus without correcting. 1H, 13C and 19F NMR spectra were
collected on a Varian AS600 spectrometer in CDCl3 or D2O using
tetramethylsilane (TMS) as an internal standard. High-
resolution mass spectra (HRMS) were obtained with a LCMS-
IT-TOF mass spectrometer. Single-crystal X-ray analysis was
obtained using Bruker APEX2 Smart CCD. TLC was performed
by using commercially prepared 100–400 mesh silica gel plates
(GF254) and visualization was effected at 254 nm. All reagents
and solvents were purchased from commercial sources and
used without further purication. Different 5-alkoxy (aryloxy)
3,4-dihalo-2(5H)-furanone intermediates were synthesized
according to the literature procedure.11
Experimental procedure for compounds 3a–3v

The mixture of 3,4-dibromo-2(5H)-furanone 1 (0.50 mmol),
DMAP (2.0 eq.), TBAI (3 mol%) and sulfonyl hydrazide 2 (0.60
mmol) in DCM : H2O (3 mL, v : v ¼ 5 : 1) was stirred at room
RSC Adv., 2019, 9, 19917–19923 | 19921
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temperature for 10–30 min. Aer the completion of the reac-
tion, the reaction mixture was quenched with H2O (15 mL) and
extracted with DCM (3 � 15 mL). Then, the organic layer was
dried over anhydrous Na2SO4. Aer ltration and evaporation of
the solvents under reduced pressure, the crude product was
puried by column chromatography on silica gel to afford
desired product.

Experimental procedure for compounds 4a–4s

The mixture of 3,4-dichloro-2(5H)-furanone 1 (0.50 mmol),
DMAP (2.0 eq.), TBAI (3 mol%) and sulfonyl hydrazide 2 (0.60
mmol) in DCM : H2O (3 mL, v : v ¼ 5 : 1) was stirred at room
temperature for 30–60 min. Aer the completion of the reac-
tion, the reaction mixture was quenched with H2O (15 mL) and
extracted with DCM (3 � 15 mL). Then, the organic layer was
dried over anhydrous Na2SO4. Aer ltration and evaporation of
the solvents under reduced pressure, the crude product was
puried by column chromatography on silica gel to afford
desired product.

Experimental procedure for intermediate A

The mixture of 3,4-dibromo-5-methoxy-2(5H)-furanone 1 (0.50
mmol), and DMAP (2.0 eq.), in DCM (3 mL) was stirred at room
temperature for 30 min. Once the reaction was complete, the
evaporation of the solvents under reduced pressure gave a white
solid. Then, the solid was recrystallized with DCM, and the pure
intermediate A was obtained.
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