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Abstract An efficient approach for the construction of one C—N bond and one C=N bond based on sulfonyl hydrazides,
3,4-dihalo-2(5H)-furanones and carbonyl compounds via the one-pot strategy to provide N-2(5H)-furanonyl sulfonyl hydra-
zone products with good yields is described. This approach with wide substrate range and good selectivity can be achieved at
room temperature by metal-free catalysts. Even for 3,4-dichloro-2(5H)-furanones, the inactive Csp2—Cl type compounds, this
green method also gives satisfactory yields. Importantly, its application for a gram-scale preparation of different furanone
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substrates can be accomplished.
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1 Introduction

Combining traditional purification-dependent stepwise
reactions into one-pot as a synthetic strategy, one-pot reac-
tions can be directly used for the synthesis of complex and
diverse molecules from three or more starting materials.'-3!
Especially, due to the advantages of simple experimental
procedures, remarkable atom and step economies, struc-
tural diversity and “green conditions”,[®! one-pot reactions

have been well developed and widely used in the design
and synthesis of new drugs,’® combinatorial chemis-
try®'19 and natural product synthesis! !,

As a kind of important research objects in organic syn-
thetic chemistry,['*!") sulfonyl hydrazone compounds are
widely used in the synthesis of various natural products
and biologically active molecules in recent years. In fact,
some compounds containing sulfonyl hydrazone structural
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unit have well activities, such as antitumor,??!1 antifun-
gal,??)  antimicrobial,®! antitubercular,” antidepres-
sant,!?” antiarrhythmic,?®! antiasthmatic?”! and other po-
tential medicinal value (Figure 1). In addition, some sul-
fonyl hydrazones with special structures can be used as
sensors.!?82%1 Therefore, it is very important to develop a
mild, green and efficient method for the synthesis of sul-
fonyl hydrazone derivatives.
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Figure 1 Some biologically active molecules bearing sulfonyl
hydrazone moiety

The stable and simple sulfonyl hydrazines are often used
as the starting materials for the synthesis of N-substituted
sulfonyl hydrazone derivatives. However, the current syn-
thesis methods are usually carried out step by step. For
example, once N-substituted sulfonyl hydrazones have
been generated from sulfonyl hydrazides and halogenated
hydrocarbon under the action of strong base (such as so-
dium hydride) firstly, then their condensation with alde-
hydes or ketones can give N-substituted sulfonyl hydra-
zones.?%3% In another route, sulfonyl hydrazine com-
pounds are first condensed with aldehydes or ketones to
generate sulfonyl hydrazones, and then N-substituted sul-
fonyl hydrazones are obtained by the reaction of sulfonyl
hydrazones with halogenated hydrocarbon in the presence
of strong base (Scheme 1, Previous work).!l All in all, the

above two methods require two-step reaction. The synthe-
sis by stepwise separation is time-consuming and labori-
ous, and it is not economic and environmental protection
for the large amount of solvent usage.

2(5H)-Furanone belongs to a,f-unsaturated lactone com-
pounds and widely exists in natural products and drug
molecules as a structural component and pharmacodynam-
ic group.3?3% Our research group has been engaged in the
research on the synthesisl®’#? and biological activity of
2(5H)-furanone derivatives.[***3] Herein, based on the pre-
vious research work, using sulfonyl hydrazides, 5-hydro-
carbyloxy-3,4-dihalo-2(5H)-furanones and carbonyl com-
pounds as raw materials, a series of (£)-N-2(5H)-furanonyl
sulfonyl hydrazone compounds are efficiently synthesized
by one-pot reaction at room temperature (Scheme 1, This
work). This synthetic method has the advantages of mild
conditions, wide application range of substrate and good
selectivity, which is in line with the development trend of
synthetic chemistry.

2 Results and discussion

2.1 Optimization of reaction conditions

In our previous research, S5-substituted 3,4-dihalo-
2(5H)-furanones and sulfonyl hydrazides were used as raw
materials to synthesize N-2(5H)-furanonyl sulfonyl hydra-
zides with high yields in the presence of 2 equiv. of
4-dimethylaminopyridine (DMAP) at room temperature.”
Therefore, using 3,4-dibromo-5-ethoxy-2(5H)-furanone
(1a) and p-toluenesulfonyl hydrazide 3a and benzaldehyde
4a as the model substrates in the one-pot reaction to
prepare N-2(5H)-furanonyl sulfonyl hydrazone Sa, the re-
action parameters were examined. The obtained results are
listed in Table 1.

It can be found that, the reaction does not occur without
DMAP in the first step (Entry 1). The addition of DMAP
makes the increase of the yield (Entries 2~5). When the
amount of DMARP is 0.4 equiv., the yield can be 86% (Ent-

0
Previous work NH, JJ\
R2X / R3” R4
— - R'0,S—N
{Path 1 | ‘R2 R3_R*
""" |
R'SO,NHNH, —— o L - /N
A, R® , R'0,8-N
R TR /N:< ) R°X R2
PR, R
{Path 2| HN,
"""" SO,R!
This work
K3 O Metal catalyst free
X X (1) 0.4 equiv. DMAP, Base )\ O One pot syntheisis
= DCM, r.t. 2R -
/Z_L + R?SO,NHNH, y R2 N O Gram scale synthesis
R'0ONo 0 ) O:/\/S—N X O Novel compounds
1 X=Br 3 O, (2) acid, .y 0 /Z=<A\ O Functional products
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RaV o O Up to 89% yield

Scheme 1 Synthesis of N-2(5H)-furanonyl sulfonyl hydrazone derivatives by one-pot reaction
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Table 1 Optimization of reaction conditions”
Ph
B B N=/
r r (1) Additives N
= rt, 12h N
o~ <o * TN (2) PhCHO (4a) /Z:L
1a 3a Acid, r.t, 6 h Et0 52° ©
Entry Additives (the first step) Acid (the second step) Yield ®/%
1 2.0 equiv. K2CO3 6.0 equiv. HC1 Trace

2 2.0 equiv. K2COs3, 0.1 equiv. DMAP 6.0 equiv. HCI 52
3 2.0 equiv. K2COs3, 0.2 equiv. DMAP 6.0 equiv. HCI 65
4 2.0 equiv. K2CO3, 0.3 equiv. DMAP 6.0 equiv. HC1 79
5 2.0 equiv. K2COs3, 0.4 equiv. DMAP 6.0 equiv. HCI 86
6 2.0 equiv. K2COs3, 0.5 equiv. DMAP 6.0 equiv. HCI 85
7 2.0 equiv. Cs2CO0s3, 0.4 equiv. DMAP 6.0 equiv. HC1 72
8 2.0 equiv. Na2COs, 0.4 equiv. DMAP 6.0 equiv. HC1 83
9 1.5 equiv. K2COs3, 0.4 equiv. DMAP 6.0 equiv. HCI 87
10 1.0 equiv. K2COs3, 0.4 equiv. DMAP 6.0 equiv. HC1 70
11 1.5 equiv. K2COs3, 0.4 equiv. DMAP 8.0 equiv. HC1 89
12 1.5 equiv. K2COs3, 0.4 equiv. DMAP 10.0 equiv. HCI 87
13¢ 1.5 equiv. K2CO3, 0.4 equiv. DMAP 8.0 equiv. HCI 53

4Reaction conditions: all reactions were performed with 1a (0.30 mmol), 3a (0.30 mmol), DMAP (0.60 mmol), solvent (3.0 mL), stirred at room temperature for 24
h; then 37% HCI, 4a (0.36 mmol) and 0.03 mol% TBAI added and stirred at room temperature for 6 h. ?Isolated yield. ¢ TBAI is not added.

ry 5). However, increasing the amount of DMAP to 0.5
equiv., there is no obvious effect on the yield (Entry 6).
Thus, the suitable amount of DMAP should be 0.4 equiv.

At the same time, the effect of the type of inorganic base
was also discussed. Compared with other carbonates (such
as CsyCOs, Na,COs), K»COs is the most suitable base for
the present transformation (Entry 5 vs Entries 7, 8). Further
optimization was carried out with different amounts of the
selected base K,COj;. Obviously, using 1.5 equiv. of
K»>COj gives the best yield of 5a, which is up to 87% (En-
try 9 vs Entries 5, 10).

Similarly, the results in Entries 9~12 show that the op-
timum amount of concentrated hydrochloric acid (molar
amount of HCI) in the second step should be 8.0 equiv.,
and the corresponding yield is 89% (Entry 11). Notably, in
the second step, it is necessary to add tetrabutylammonium
iodide (TBAI) as a phase transfer catalyst. If TBAI is not
added, the yield is markedly decreased to 53% (Entry 13).
In our previous work of synthesis of N-2(5H)-furanonyl
sulfonyl hydrazides, it has been found that dichloro-
methane is a more suitable solvent than other common
solvents for the similar reaction,!*” so the solvent for this
reaction has no longer been optimized herein.

Therefore, the suitable reaction conditions are identified
as using la (0.3 mmol), 3a (0.3 mmol), 1.5 equiv. of
K>COj; and 0.4 equiv. of DMAP for 24 h at room tempera-
ture, and then adding 4a (0.45 mmol), 8.0 equiv. of hydro-
chloric acid and 0.03 mol% of TBALI into the pot to react
for 6 h. And the best separation yield can be 89% (Entry
11). The structure of 5a is confirmed by 'H NMR, 3C
NMR and HRMS spectra (see Supporting Information for
details). It should be pointed out that no lactam product has
been found during the reaction. The possible reason is that
the ring of 2(5H)-furanone with C-5 acetal structure is sta-
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ble under this mild reaction condition.

2.2 Reaction of 5-substituted 3,4-dibromo-2(5H)-
furanones

Under the optimized reaction conditions, the scope of
the reaction substrates with respect to 5-substituted 3,4-
dibromo-2(5H)-furanones 1, sulfonyl hydrazides 3 and
carbonyl compounds 4 was further studied. The results are
summarized in Table 2.

As expected, the reaction has good tolerance for the dif-
ferent substituent at the 5-position of 3,4-dibromo-2(5H)-
furanones. Good results can be obtained whether the group
at 5-position of substrate 1 is ethoxy (5a) or cyclohexyloxy
(5b) with yields of 89% and 82%, respectively. Of course,
when the group at 5-position of substrate 1 is methoxy, it is
also successful. And its less steric hindrance makes it suit-
able for other comparisons in the following.

Further, a series of benzenesulfonyl hydrazides as sub-
strates 3 were explored in the reaction. The reaction also
has good tolerance on different functional groups (e.g.,
nitro, trifluoromethoxy, and halogen) in substrates 3 with
good yields (75%~83%, 5c~5e). Importantly, benzyl
sulfonyl hydrazide, as a kind of alkyl-based sulfonyl hy-
drazides also can be successfully applied (5f, 76%).

The scope of the reaction with respect to carbonyl com-
pounds 4 was also studied. Using benzaldehyde and
4-chlorobenzaldehyde as the substrates, the yields are 89%
and 82%, respectively (5a and 5g). Notably, 1-methyl-
indole-3-carboxaldehyde as an aromatic heterocyclic
aldehyde and butyraldehyde as an aliphatic aldehyde are
also suitable in the protocol with satisfactory result (Sh and
5i).

What’s more, prolonging reaction time in the second
step, 4-fluoroacetophenone as a methyl ketone is also

Chin. J. Org. Chem. 2021, 41, 2750~2759
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Table 2  Substrate scope of various 5-substituted 3,4-dibromo-2(5H)-furanones 1, sulfonylhydrazines 3 and carbonyl compounds 4%

Br Br
/Z=<A\ + RSO,NNH,
R'0O">Ng 0
1 3

(1) DMAP, K,CO3

R2
)\ R3

DCM, r.t, 24 h

L o

(2) 37% HCl

4,r.t

0,8S—N Br /Z—L 0,5—N Br 0,S—N Br 0,S—N Br
\_O/CLO QO o O —O/FOLO _O/CLO _Ol;/&o
5a, 89% 5b, 82% 5c, 84% 5d, 83% 5e, 75%

08—
o \—o/Z;S%o —o

59, 83%

5f, 76% 5h, 80%

@/ﬁ

A
QS?K

0,5—N
5k, 62%9
5i, 73%° 5j, 70%°¢ E/Z = 85:15

4 Reaction conditions: all reactions were performed with 1 (0.30 mmol), 3 (0.30 mmol), DMAP (0.12 mmol), K,COs (0.45 mmol), DCM (3.0 mL) added and stirred
at room temperature for 24 h; then 37% HCI (0.212 mL), 4 (0.45 mmol) and 0.03 mol% TBAI added and stirred at room temperature for 6 h. * Isolated yield. ¢ 18 h in

the second step. ¢ 36 h in the second step.

suitable for this reaction with a yield of 70% (5j).
Importantly, the reaction has good selectivity, the C=N of
all the above-mentioned target products (5a~5j) is a sin-
gle trans-configuration. When the substrate is an aliphatic
ketone 4-methyl-2-pentanone with greater steric hindrance,
the yield is decreased to 62% (5k). The product 5k under-
goes certain isomerization, and the E/Z configuration ratio
is 85 : 15 (detected by '"H NMR).

2.3 Reaction of 5-substituted 3,4-dichloro-2(5H)-
furanones

In order to further investigate the practicability of this
reaction system, a range of S5-substituted 3,4-dichloro-
2(5H)-furanones were also employed as substrates 2 in-
stead of substrates 1 containing Br atom to react with
sulfonyl hydrazides 3 and carbonyl compounds 4. To our
delight, the corresponding target products can also be ob-
tained in 65%~86% yields, as shown in Table 3.

The results reveal that the gratifying yields can be
obtained from the substrates 2 bearing ethoxy, phenoxy
and benzyloxy as S5-substituted group in 3,4-dichloro-
2(5H)-furanones (6a~6c¢, 75%~86%).

At the same time, for the reaction of 5-methyl-3,4-
dichloro-2(5H)-furanone 2, the benzenesulfonyl hydrazines
both with different substituents and benzenesulfonyl hy-
drazine can afford the corresponding products in excellent
yields (6d~6g, 75%~83%).

For the substrate of carbonyl compounds 4, aromatic al-
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dehyde (4-chlorobenzaldehyde), heterocyclic aldehyde
(1-methylindole-3-carboxaldehyde), aliphatic aldehyde
(butyraldehyde) and methyl ketone (4-methyl-2-penta-
none) are suitable reaction partners for this novel trans-
formation (6h~ 6k, 65%~82%).

Similarly, it is worth noting that except 6k, the C=N of
all the above-mentioned target products (6a~6j) is a sin-
gle trans-configuration. The E/Z isomerism ratio of prod-
uct 6k is 88 : 12 (detected by 'H NMR).

In a word, comparing with 3,4-dibromo-2(5H)-fura-
nones, 3,4-dichloro-2(5H)-furanones have similar reaction
activity. The possible reason is related to the reaction
mechanism.

2.4 Plausible reaction mechanism

In order to gain more insight into the reaction mecha-
nism, a selective experiment was studied. As shown in
Scheme 2, changing the ratio of 1a : 3a to 1 : 2, the prod-
uct Sa' can not be observed under the standard conditions.
It indicates that the bromine at the C-3 position of 3,4-
dibromo-2(5H)-furanone 1la is less active and does not
participate in the reaction indeed.

It has been reported that the secondary nitrogen of
sulfonyl hydrazides is regarded as a nonbasic amine
maintaining its nucleophilicity.*®! Thus, a possible nucleo-
philic substitution process based on the catalytic mecha-
nism of DMAP® is proposed as illustrated in Scheme 3.

2753
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Table 3 Substrate scope of 5-substituted 3,4-dichloro-2(5H)-furanones 2, sulfonyl-hydrazines 3 and various carbonyl compounds 4%°

R2

N)\Ra

(1) DMAP, K,CO3

SN DCM, rt, 24 h R
l:L + RSO,NNH, 0=s-N_  Br
R'0"N\g"S0 (2) 37% HCl o m
4,rt.
2 3 o R'0" g~ =0
6a~ 6h
p p o i
Q " @ " ! " "
0,s—N_ Cl 0,s—N_ Gl OZS_EZ_Q 0,s—N_  Cl 0,s—N.  Cl
_ /Z_S< Ej\ /Z_L\ o o — —
0 Ny 0 0 Ny 0 @‘ o 0 Ny 0 0 g S0
6a, 86% 6b, 78% 6c, 75% 6d, 83% 6e, 81%
Br
_ //J ,N/
N N Nl
/ /
0,5—N  Cl Oys— 0y5—N /Z_Ss
/d — — /ﬁA\ B e ° ©
90O _O 0”0 _O 0”0 —07 o0 6k, 65%¢
6f, 79% 69, 75% 6h, 82% 6i, 76% 6j, 77%° EIZ = 88:12

4Reaction conditions: all reactions were performed with 2 (0.30 mmol), 3 (0.30 mmol), DMAP (0.12 mmol), K,CO5 (0.45 mmol), DCM (3.0 mL) added and stirred
at room temperature for 24 h; then 37% HCI (0.212 mL), 4 (0.45 mmol) and 0.03 mol% TBAI added and stirred at room temperature for 6 h.  Isolated yield. ¢ 18 h in

the second step. 36 h in the second step.

Jph Ph
4a N= N R
i N B I I
1a o+ 3a Standard conditions Ts /Z:Lf + Ts—N N—Ts .
0.3 mmol 0.6 mmol Et0™ g~ ~O B or ?
BO™ 20" "0 R=N=CHPh
5a, 86% 5a' 0%
Scheme 2 Regioselectivity of reaction
~p /
N ® /
—NH —N
0 Oy, Oy
N X X Michael addition N £ X =NQ ,5) X
N — _— s S
e A T\~ |\ A\{ !
1 0 1 5 R'O o)
R'0" g R'0"Ng” O 0
1 (X = Br) A
2 (X =Cl) o .
Elimination reaction
R2
)\ K2C03
R R DMAP @
0=s-N_ X i ArOZS \ 0 o
R'0 g~ O -H,0 R1O o H,
5 (X = Br) RO 0 ©
6 (X =Cl) KX + COz

Scheme 3  Plausible reaction mechanism
elimination reaction. Secondly, B is attacked by sulfonyl

hydrazides 3, following by the regeneration of DMAP and
the formation of middle product C. At the same time, HX

Firstly, 3,4-dihalo-2(5H)-furanone 1 (or 2) reacts with
DMAP to form the intermediate A by Michael addition
reaction, and then intermediate B is generated through

2754 © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 2750~2759
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as leaving compound is absorbed by K,COs to form salt.
Finally, under acidic condition, middle product C can
condense with carbonyl compound 4 to give the target
compound 5 (or 6).

It can be seen from the mechanism that the formation of
intermediate B is the key factor of reaction transformation.
Due to the high catalytic activity of DMAP, the
intermediate B is easily generated. We believe that, the
Micheal addition step is the rate-determining step, while
the elimination from A to B with the breakage of the C—X
bond is very fast, the latter is not the rate-determining step.
Due to the generation of CO, leaving the reaction system,
K,COs is conducive to the departure of HX and promotes
the conversion of intermediate B to middle product C.
Therefore, the reactivity of both 3,4-dibromo-2(5H)-fura-
nones and the 3,4-dichloro-2(5H)-furanones in this method
is almost similar.

2.5 Scale-up application

As an effective and easy-to-operate method, the scale-up
of this one-pot reaction may have great practical signifi-
cance for the large-scale preparation of N-2(5H)-furanonyl
sulfonyl hydrazones 5 and 6 in the laboratory, and even in
the industry. We choose several substrates (including 1 and
2) to scale up to the gram-scale reaction. The results are
shown in Table 4.

Table 4 Gram-scale of S5-substituted 3,4-dihalo-2(5H)-fura-

nones 1 (or 2), sulfonylhydrazines 3 and carbonyl compounds 4
a,b

N/
i
N= —
Q | A
023‘}1& 0;s—N_ Br
5a, 87% 5h, 77%
2.0780 g 1.9905 g
Z 2 N/f N/é
/ i /
Ozs—iz_i 0,5—N Cl
\—o o” O —07" g 0
6a, 88% 69, 79%

4 Reaction conditions: all reactions were performed with 1 or 2 (5 mmol), 3 (5
mmol), DMAP (2 mmol), K,COs (7.5 mmol), DCM (30 mL) added and stirred
at room temperature for 36 h; then 37% HCI (3.5 mL), 4 (7.5 mmol) and 0.03
mol% TBAI added and stirred at room temperature for 12 h. ?Isolated yield.

It can be found that, changing the amount of reactant 1a
from 0.3 mmol to 5 mmol, the yield of product Sa still can
reach to 87% by prolonging the reaction time appropriate-
ly. Similarly, the other products, such as Sh, 6a and 6g, can
also be obtained from different substrates by large scale
preparation with good yields (Table 4).

Chin. J. Org. Chem. 2021, 41, 2750~2759
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3 Conclusions

In conclusion, we have developed a mild and general
procedure for the synthesis of N-2(5H)-furanonyl sulfonyl
hydrazone compounds with 3,4-dihalo-2(5H)-furanones,
sulfonyl hydrazines and carbonyl compounds via the one-
pot strategy. With forming one C—N bond and one C=N
bond simultaneously, the sulfonyl hydrazone compounds
of high functionality are synthesized. And this protocol
without metal catalysis is promoted by common bases and
acid at room temperature. Importantly, the low cost of the
reagents and wide range of substrates make this novel dis-
covery a powerful route for the synthesis of N-substituted
sulfonyl hydrazone derivatives. Furthermore, the applica-
tion of this method for a gram-scale preparation can be
accomplished. Owing to the potentially biological activity
of sulfonylhydrazine hydrazones and 2(5H)-furanones, the
more derivatization synthesis and further biological activi-
ty assay are still in progress.

4 Experimental section

4.1 General information

Melting point was performed on an X-5 digital melting
point apparatus without correction. 'H NMR, *C NMR
and 'F NMR spectra were collected on a Varian AS600
spectrometer in CDCI; using tetramethylsilane (TMS) as
an internal standard. High-resolution mass spectra (HR-
MS) were obtained with a LCMS-IT-TOF mass spectrom-
eter. Thin-layer chromategraphy (TLC) was performed by
using commercially prepared 100~400 mesh silicagel
plates (GF254) and visualization was effected at 254 nm.

All reagents and solvents were purchased from commer-
cial sources and used without further purification.

4.2 General procedure for the synthesis of interme-
diate compounds 1a~1c¢ and 2a~2d

The route of intermediate compounds la~1¢ and 2a~
2d is shown in Scheme 2. According to the literaturel*’-#?!
and the difference of the 5-substituted groups in substrates
1 or 2, 3,4-dibromo-2(5H)-furanones 1 and 5-substituted
3,4-dichloro-2(5H)-furanones 2 were synthesized respec-
tively as the procedure in the following.

The mixture of mucohalic acid (10 mmol), the cheap
liquid alcohol (30 mL) and 3 drops of concentrated sulfuric
acid was refluxed for 48 h. After the completion of the
reaction, the reaction solution was cooled to room temper-
ature. After the solvent was removed by vacuum distilla-
tion, the residual mixture was dissolved in ethyl acetate.
Then, the organic phase was washed with saturated sodium
bicarbonate and saturated brine, respectively. The organic
layer was dried over anhydrous Na,SO4. After filtration
and evaporation of the solvent under reduced pressure, the
crude product was purified by column chromatography on
silica gel to afford desired products 1a, 1b, 2a and 2b (Eq.
1).

The mixture of mucohalic acid (10 mmol), the high
boiling point alcohol or phenol (12 mmol) and 3 drops of

http://sioc-journal.cn/ 2755
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X X X X
fL H,SO,, ROH /Z:L
- (1)
HO™ >Ng” 0 reflux, 48 h RO Mg~ ~0
X = Br, Cl X =Br, Cl

1a, X =Br, R=Et; 1b, X =Br, R = Me
2a, X=Cl, R=Me; 2b, X=CI,R = Et

concentrated sulfuric acid in toluene (30 mL) was refluxed
for 48 h. After the completion of the reaction, the reaction
solution was cooled to room temperature. Then, the reac-
tion solution was washed with saturated sodium bicar-
bonate and saturated brine, respectively. The organic layer
was dried over anhydrous Na,SOs. After filtration and
evaporation of the solvent under reduced pressure, the
crude product was purified by column chromatography on
silica gel to afford desired product 1¢, 2¢ and 2d (Eq. 2).

X X X X
— HySO4 —
+ROH ———— > 2)
HO™ Mo”0 toluene, reflux, 48 h Ro o O
X=Br, Cl X=Br, Cl

1¢, X = Br, R = cyclohexyl;
2¢, X=Cl,R=Ph;2d, X=CIl, R=Bn

4.3 General procedure for the synthesis of target
compounds 5a~5k and 6a~6k

The route of target compounds 5a~5k and 6a~6k are
shown as Scheme 1. Using the reaction of 3,4-dibromo-
2(5H)-furanone 1 as an example, the synthetic procedure
of target compounds is described in the following.

The mixture of 3,4-dibromo-2(5H)-furanone 1 (0.30
mmol), sulfonyl hydrazine 3 (0.30 mmol), K,COs (0.45
mmol) and DMAP (0.12 mmol) in dichloromethane
(DCM) (3 mL) was stirred at room temperature for 24 h.
Then, carbonyl compound 4 (0.45 mmol), 0.212 mL 37%
HCI and TBAI (3 mol%) were added, and the reaction was
stirred at room temperature for 6 h. After the completion of
the reaction, the reaction mixture was quenched with H,O
(15 mL) and extracted with DCM (15 mL X 3). The ob-
tained solution was washed with saturated sodium bicar-
bonate and saturated brine, respectively. And the organic
layer was dried over anhydrous Na,SOs4. After filtration
and evaporation of the solvent under reduced pressure, the
crude product was purified by column chromatography on
silica gel to afford desired product 5a~5k.

4.4 Characterization data for novel compounds 5a~
5k and 6a~6k

(E)-N'-Benzylidene-N-(4-bromo-2-ethoxy-5-ox0-2,5-
dihydrofuran-3-yl)-4-methylbenzenesulfonohydrazide
(5a): White solid (128 mg, 89%). m.p. 80~81 C; 'H
NMR (600 MHz, CDCls) o: 1.29 (t, J=6.0 Hz, 3H, CH3),
2.44 (s, 3H, CH3), 3.88~4.04 (m, 2H, OCHa), 6.29 (s, 1H,
CH), 7.36 (d, J=6.0 Hz, 2H, ArH), 7.40~7.43 (m, 2H,
ArH), 7.46 (t, J=6.0 Hz, 1H, ArH), 7.70 (d, J=6.0 Hz,
2H, ArH), 7.85 (d, J=6.0 Hz, 2H, ArH), 7.89 (s, 1H, CH);
BC NMR (150 MHz, CDCl3) é: 15.0, 21.8, 67.8, 102.7,
106.9, 128.3, 128.6, 128.9, 130.0, 131.7, 132.4, 1334,
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145.8, 153.6, 155.8, 165.3; ESI-HRMS calcd for CyoHao-
BrN,OsS [M+H]" 479.0271, found 479.0258.
(E)-N'-Benzylidene-N-(4-bromo-2-cyclohexyloxy-5-
0x0-2,5-dihydrofuran-3-yl)-4-methylbenzenesulfonohydra-
zide (5b): Colorless waxy (131 mg, 82%). 'H NMR (600
MHz, CDCl3) o: 1.21~1.53 (m, 6H, 3CH,), 1.73~1.75
(m, 2H, CH»), 1.95~1.97 (m, 2H, CH>), 2.45 (s, 3H, CH3),
3.87~3.91 (m, 1H, OCH), 6.38 (s, 1H, CH), 7.36 (d, J=
6.0 Hz, 2H, ArH), 7.40~7.43 (m, 2H, ArH), 7.46 (t, J=
6.0 Hz, 1H, ArH), 7.69 (d, /=6.0 Hz, 2H, ArH), 7.83~
7.88 (m, 3H, ArH, CH); *C NMR (150 MHz, CDCl;) &:
21.8,23.7,23.8,25.3,31.7,32.9, 80.9, 102.0, 108.0, 128.2,
128.6, 128.9, 130.0, 131.5, 132.5, 133.5, 145.7, 154.0,
154.5, 165.3; ESI-HRMS caled for CosHasBrN,OsS [M—+
H]" 533.0746, found 533.0734.
(E)-N-(4-Bromo-2-methoxy-5-oxo-2,5-dihydrofuran-3-
yl)-N'-(4-methylbenzylidene)-4-nitrobenzenesulfonohydra-
zide (5¢): White solid (129 mg, 84%). m.p. 185~187 C;
"H NMR (600 MHz, CDCls) é: 2.43 (s, 3H, CH3), 3.70 (s,
3H, OCHs), 6.16 (s, 1H, CH), 7.28 (d, /=6.0 Hz, 2H,
ArH), 7.60 (d, J/=6.0 Hz, 2H, ArH), 7.94 (s, 1H, CH), 8.20
(d, J/=6.0 Hz, 2H, ArH), 8.44 (d, J/=6.0 Hz, 2H, ArH);
13C NMR (150 MHz, CDCls) é: 21.7, 58.7, 103.3, 108.1,
124.3, 128.5, 129.0, 129.8, 130.0, 142.1, 143.2, 151.1,
152.8, 158.4, 164.6; ESI-HRMS caled for Ci9H;7BrN;O5S
[M-+H]" 509.9965, found 509.9987.
(E)-N-(4-Bromo-2-methoxy-5-oxo-2,5-dihydrofuran-3-
yl)-N'-(4-methylbenzylidene)-4-trifluoromethylbenzenesul-
fonohydrazide (5d): White solid (132 mg, 83%). m.p.
127~129 °C; '"H NMR (600 MHz, CDCI3) J: 2.43 (s, 3H,
CHz3), 3.69 (s, 3H, OCH3), 6.17 (s, 1H, CH), 7.28 (d, J=
6.0 Hz, 2H, ArH), 7.61 (d, /=6.0 Hz, 2H, ArH), 7.87 (d,
J=6.0 Hz, 2H, ArH), 7.95 (s, CH), 8.13 (d, J/=6.0 Hz, 2H,
ArH); C NMR (150 MHz, CDClsy) 6: 21.71, 58.64,
103.35,107.51, 123.03 (q, J=271.5 Hz), 126.37 (q, J=3.0
Hz), 128.48, 129.17, 129.21, 129.78, 135.98 (q, J=33.0
Hz), 139.96, 143.02, 153.07, 158.13, 164.83; "F NMR
(564 MHz, CDCl;) o: — 63.2; ESI-HRMS calcd for
C20H17BI'F3N205S [N["’H]Jr 5329988, found 532.9990.
(E)-3-Bromo-N-(4-bromo-2-methoxy-5-0x0-2,5-dihy-
drofuran-3-yl)-N'-(4-methylbenzylidene)benzenesulfono-
hydrazide (5e): White solid (122 mg, 75%). m.p. 45~
47 C; '"H NMR (600 MHz, CDCl;) §: 2.42 (s, 3H, CH3),
3.70 (s, 3H, OCHa), 6.17 (s, 1H, CH), 7.27 (d, J=6.0 Hz,
2H, ArH), 7.45~7.48 (m, 1H, ArH), 7.62 (d, J=6.0 Hz,
2H, ArH), 7.83 (d, J=6.0 Hz, 1H, ArH), 7.90 (d, /=6.0
Hz, 1H, ArH), 7.93 (s, 1H, CH), 8.15 (s, 1H, ArH); 13C
NMR (150 MHz, CDCl3) o: 21.7, 58.6, 103.3, 107.2,
123.1, 127.0, 128.5, 129.3, 129.8, 130.7, 131.6, 137.4,
138.1, 142.9, 153.1, 157.7, 165.0; ESI-HRMS calcd for
C19H]7BI'2N205S [IV["’H]Jr 5429219, found 542.9215.
(E)-N-(4-Bromo-2-methoxy-5-oxo-2,5-dihydrofuran-3-
yl)-N'-(4-methylbenzylidene)-1-phenylmethanesulfonohy-
drazide (5f): White solid (109 mg, 76%). m.p. 145~
147 °C; '"H NMR (600 MHz, CDCl3) d: 2.46 (s, 3H, CH3),
3.60 (s, 3H, OCH3), 4.65~4.80 (dd, /=12.0, 12.0 Hz, 2H,
CHy), 5.75 (s, 1H, CH), 7.33 (d, J=6.0 Hz, 2H, ArH),
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7.38~7.43 (m, 3H, ArH), 7.47~7.53 (m, 2H, ArH), 7.75
(d, J=6.0 Hz, 2H, ArH), 8.16 (s, 1H, CH); *C NMR (150
MHz, CDCl) 6: 21.8, 57.9, 58.1, 98.3, 102.0, 126.6, 129.0,
129.1, 129.2, 129.8, 129.9, 131.2, 143.6, 152.9, 164.1,
1656, ESI-HRMS calcd for ConzoBI'NzOss [l\/l‘i‘H]Jr
479.0271, found 479.0258.
(E)-N-(4-Bromo-2-ethoxy-5-oxo-2,5-dihydrofuran-3-
yl)-N'-(4-chlorobenzylidene)-4-methylbenzenesulfonohy-
drazide (5g): White solid (127 mg, 83%). m.p. 105~
107 °C; '"H NMR (600 MHz, CDCI;) 6: 1.32 (t, J=6.0 Hz,
3H, CHa3), 2.47 (s, 3H, CH3), 3.92~4.07 (m, 2H, OCHa),
6.30 (s, 1H, CH), 7.39 (d, /=6.0 Hz, 2H, ArH), 7.43 (d,
J=6.0 Hz, 2H, ArH), 7.65 (d, /=6.0 Hz, 2H, ArH), 7.83
(d, J=6.0 Hz,, ArH), 7.85 (s, 1H, CH); '*C NMR (150
MHz, CDCl3) 6: 15.0, 21.8, 67.9, 102.8, 107.5, 128.5,
129.2, 129.3, 130.0, 130.9, 133.3, 137.7, 1459, 153.5,
153.6, 165.1; ESI-HRMS calcd for CyHi9BrCIN,OsS
[M+H]" 512.9881, found 512.9881.
(E)-N-(4-Bromo-2-methoxy-5-oxo-2,5-dihydrofuran-3-
yl)-4-methyl-N'-((1-methyl-1H-indol-3-yl)methylene)-
benzenesulfonohydrazide (Sh): White solid (124 mg,
80%). m.p. 77~79 C; 'H NMR (600 MHz, CDCl;) 4:
2.48 (s, 3H, CHz3), 3.68 (s, 3H, OCHz), 3.84 (s, 3H, NCHa),
6.28 (s, 1H, CH), 7.27~7.31 (m, 1H, ArH), 7.33~7.40
(m, 4H, ArH), 7.47 (s, 1H, CH), 7.83 (d, J=6.0 Hz, 2H,
ArH), 8.14 (d, J=6.0 Hz, 1H, ArH), 8.50 (s, 1H, ArH); 3C
NMR (150 MHz, CDCl3) ¢: 21.8, 33.5, 58.0, 101.6, 109.9,
110.1, 110.8, 122.2, 122.9, 123.8, 125.2, 128.7, 129.7,
133.5, 136.6, 138.0, 145.6, 150.4, 161.5, 165.7; ESI-
HRMS caled for CpHyBrN;OsS [M+H] ™ 518.0380,
found 518.0382.
(E)-N-(4-Bromo-2-methoxy-5-oxo-2,5-dihydrofuran-3-
yl)-N'-butylidene-4-methylbenzenesulfonohydrazide (5i):
Colorless waxy (94 mg, 73%). 'H NMR (600 MHz,
CDCl3) d: 0.96 (t, J=6.0 Hz, 3H, CH3), 1.55~1.64 (m,
2H, CH»), 2.34~2.41 (m, 2H, CH,), 2.46 (s, 3H, CHj3),
3.65 (s, 3H, OCHa), 6.13 (s, 1H, CH), 7.36 (d, /=6.0 Hz,
2H, ArH), 7.44 (t, J=6.0 Hz, 1H, CH), 7.77 (d, J=6.0 Hz,
2H, ArH); C NMR (150 MHz, CDCl;) 6: 13.8, 19.2,
21.8, 34.6, 58.5, 103.4, 104.9, 128.5, 129.9, 133.4, 145.6,
153.3, 163.8, 165.3; ESI-HRMS caled for CisH20BrN,OsS
[M-+H]" 431.0271, found 431.0271.
(E)-N-(4-Bromo-2-methoxy-5-oxo-2,5-dihydrofuran-3-
yl)-N'-(1-(4-fluorophenyl)ethylidene)-4-methylbenzenesul-
fonohydrazide (5j): White solid (104 mg, 70%). m.p.
182~183 °C; 'H NMR (600 MHz, CDCl;) d: 2.35 (s, 3H,
CHz3), 2.50 (s, 3H, CH3), 3.77 (s, 3H, OCH3), 6.33 (s, 1H,
CH), 7.10~7.17 (m, 2H, ArH), 7.40 (d, J=6.0 Hz, 2H,
ArH), 7.80 (d, J/=6.0 Hz, 2H, ArH), 7.83~7.90 (m, 2H,
ArH); ®C NMR (150 MHz, CDCl;) J: 16.8, 21.8, 58.7,
97.6,103.2, 115.8 (d, J/=22.5 Hz), 128.6, 129.8 (d, J/=9.0
Hz), 1299, 1319 (d, J=3.0 Hz), 132.8, 145.9, 153.0,
164.9 (d, J=252.0 Hz), 165.9, 173.7; 'F NMR (564 MHz,
CDCl3) 6: —107.9; ESI-HRMS caled for CyoH;9BrF-
N>OsS [M+H]" 497.0182, found 497.0175.
N-(4-Bromo-2-methoxy-5-0x0-2,5-dihydrofuran-3-yl)-
4-methyl-N'-(3-methylbutan-2-ylidene)benzenesulfonohy-
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drazide (5k): Colorless waxy (obtained as a mixture of
stereoisomers in 85 © 15 (£/Z) ratio 85 mg, 62%). '"H NMR
(600 MHz, CDCls) d: 0.88 (d, J/=6.0 Hz, 3H, CH3, Z-5k),
0.94 (d, J/=6.0 Hz, 3H, CH3, Z-5k), 0.98 (d, /=6.0 Hz,
3H, CH3, E-5k), 1.03 (d, /=6.0 Hz, 3H, CH3, E-5Kk), 1.98
(s, 3H, CH3, E-5k), 2.01~2.13 (m, 1H, CH), 2.14 (s, 3H,
CHs, 2), 2.20~2.35 (m, 2H, CH>), 2.45 (s, 3H, CHz), 3.68
(s, 3H, OCH3, E-5k), 3.72 (s, 3H, OCHj3, Z-5Kk), 6.19 (s,
1H, CH, Z-5k), 6.23 (s, 1H, CH, E-5k), 7.35 (d, J=6.0 Hz,
2H, ArH), 7.74 (d, J=6.0 Hz, 2H, ArH); '*C NMR (150
MHz, CDCl3) d: 19.3, 21.8, 22.3, 22.5 (Z), 22.6 (2), 23.0,
23.1 (2), 26.0, 26.3 (2), 26.9 (2), 41.6 (£), 47.4, 58.4, 58.7
(2), 96.0, 96.8 (2), 102.8, 103.0 (2), 128.4, 129.7, 129.8
(2), 133.1 (2), 133.3, 145.5, 152.6, 153.4 (Z), 166.2, 183.4,
183.6 (Z), ESI-HRMS calcd for C18H24BI'N205S [NI‘“HTr
459.0589, found 459.0579.
(E)-N'-Benzylidene-N-(4-chloro-2-ethoxy-5-0x0-2,5-
dihydrofuran-3-yl)-4-methylbenzenesulfonohydrazide
(6a): Colorless waxy (112 mg, 86%). 'H NMR (600 MHz,
CDCls) o: 1.31 (t, J=6.0 Hz, 3H, CHz), 2.47 (s, 3H, CH3),
3.90~4.07 (m, 2H, OCH»), 6.33 (s, 1H, CH), 7.38 (d, J=
6.0 Hz, 2H, ArH), 7.41~7.45 (m, 2H, ArH), 7.48 (t, J=
6.0 Hz, 1H, ArH), 7.71 (d, /=6.0 Hz, 2H, ArH), 7.86 (d,
J=6.0 Hz, 2H, ArH), 7.89 (s, 1H, CH); 3*C NMR (150
MHz, CDCl3) ¢: 15.0, 21.8, 67.9, 101.5, 116.7, 128.3,
128.5, 128.9, 130.0, 131.7, 132.3, 133.3, 145.8, 149.4,
155.7, 164.7; ESI-HRMS calcd for CyH,0CIN,OsS [M+
H]" 435.0776, found 435.0768.
(E)-N'-Benzylidene-N-(2-benzyloxy-4-chloro-5-0x0-2,5-
dihydrofuran-3-yl)-4-methylbenzenesulfonohydrazide
(6b): Colorless waxy (116 mg, 78%). '"H NMR (600 MHz,
CDCl3) d: 2.41 (s, 3H, CH3), 4.85~4.98 (dd, J=12.0, 12.0
Hz, 2H, CH»), 6.39 (s, 1H, CH), 7.30 (d, /=6.0 Hz, 2H,
ArH), 7.32~7.35 (m, SH, ArH), 7.38~7.41 (m, 2H, ArH),
745 (t, J=6.0 Hz, 1H, ArH), 7.64 (d, J=6.0 Hz, 2H,
ArH), 7.80 (d, J=6.0 Hz, 2H, ArH), 7.89 (s, 1H, CH); 13C
NMR (150 MHz, CDCl;) o: 21.8, 73.3, 100.4, 116.7,
128.3, 128.6, 128.7, 128.8, 128.9, 129.9, 131.8, 132.3,
133.4, 135.3, 145.8, 149.5, 156.5, 164.7; ESI-HRMS calcd
for C2sH2CIN,OsS [M+H]" 497.0938, found 497.0933.
(E)-N'-Benzylidene-N-(4-chloro-5-oxo-2-phenoxy-2,5-
dihydrofuran-3-yl)-4-methylbenzenesulfonohydrazide (6¢):
White solid (108 mg, 75%). m.p. 170~172 C; 'H NMR
(600 MHz, CDCl3) d: 2.44 (s, 3H, CH3), 6.81 (s, 1H, CH),
7.13 (d, J=6.0 Hz, 2H, ArH), 7.17 (t, J=6.0 Hz, 1H,
ArH), 7.33~7.36 (m, 4H, ArH), 7.42~7.44 (m, 2H, ArH),
7.48 (t, J=6.0 Hz, 1H, CH), 7.68 (d, J/=6.0 Hz, 2H, ArH),
7.84 (d, J=6.0 Hz, 2H, ArH), 7.86 (s, 1H, CH); '3*C NMR
(150 MHz, CDCl) o: 21.8, 99.8, 117.2, 118.2, 124.7,
128.4, 128.6, 128.9, 129.9, 130.0, 131.9, 132.3, 133.3,
145.9, 149.0, 156.1, 156.3, 164.1; ESI-HRMS calcd for
C24H20CIN,OsS [M+H]" 483.0781, found 483.0794.
(E)-N-(4-Chloro-2-methoxy-5-ox0-2,5-dihydrofuran-3-
yl)-N'-(4-methylbenzylidene)-4-nitrobenzenesulfonohydra-
zide (6d): White solid (116 mg, 83%). m.p. 184~186 C;
'"H NMR (600 MHz, CDCl;) é: 'H NMR (600 MHz,
CDCl), 6: 2.43 (s, 3H, CHz3), 3.70 (s, 3H, OCH3), 6.18 (s,
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1H, CH), 7.28 (d, J=6.0 Hz, 2H, ArH), 7.60 (d, J=6.0
Hz, 2H, ArH), 7.93 (s, 1H, CH), 8.19 (d, J=6.0 Hz, 2H,
ArH), 8.44 (d, J=6.0 Hz, 2H, ArH); '3C NMR (150 MHz,
CDCl;) o: 21.7, 58.7, 102.0, 117.9, 124.3, 128.5, 129.0,
129.8, 130.0, 142.1, 143.3, 148.5, 151.1, 158.5, 164.0;
ESI-HRMS calcd for C9H;7CIN;0;S [M-+H]" 466.0470,
found 466.0480.
(E)-N-(4-Chloro-2-methoxy-5-oxo0-2,5-dihydrofuran-3-
yl)-N'-(4-methylbenzylidene)-4-trifluoromethylbenzenesul-
fonohydrazide (6e): Colorless waxy (119 mg, 81%). 'H
NMR (600 MHz, CDCls) 6: 2.43 (s, 3H, CH3), 3.69 (s, 3H,
OCHz3), 6.19 (s, 1H, CH), 7.28 (d, J=6.0 Hz, 2H, ArH),
7.61 (d, /=6.0 Hz, 2H, ArH), 7.87 (d, J/=6.0 Hz, 2H,
ArH), 7.94 (s, CH), 8.12 (d, /=6.0 Hz, 2H, ArH); *C
NMR (150 MHz, CDCls) é: 21.70, 58.66, 102.07, 117.40,
123.01 (q, J=273.0 Hz), 126.33 (q, J=3.0 Hz), 128.48,
129.12, 129.16, 129.79, 135.96 (q, J=33.0 Hz), 140.00,
143.09, 148.80, 158.29, 164.20; '"F NMR (564 MHz,
CDCI}) o: _632, ESI-HRMS calcd for C20H17C1F3N205S
[M+H]" 489.0493, found 489.0494.
(E)-3-Bromo-N-(4-chloro-2-methoxy-5-0x0-2,5-dihy-
drofuran-3-yl)-N'-(4-methylbenzylidene)benzenesulfono-
hydrazide (6f): Colorless waxy (118 mg, 79%). 'H NMR
(600 MHz, CDCl3) d: 2.42 (s, 3H, CHz3), 3.70 (s, 3H,
OCHz3), 6.19 (s, 1H, CH), 7.28 (d, J=6.0 Hz, 2H, ArH),
7.44~7.48 (m, 1H, ArH), 7.60 (d, J=6.0 Hz, 2H, ArH),
7.82 (d, J=6.0 Hz, 1H, ArH), 7.87~7.91 (m, 2H, ArH,
CH), 8.14 (s, 1H, ArH); '3C NMR (150 MHz, CDCI;) 6:
21.7,58.7,102.0, 117.0, 123.1, 126.9, 128.5, 129.2, 129.7,
130.6, 131.5, 137.4, 138.1, 142.9, 148.9, 157.8, 164.3;
ESI-HRMS caled for Cj9H;sBrCIN,OsS [M + H] '
498.9725, found 498.9752.
(E)-N-(4-Chloro-2-methoxy-5-oxo0-2,5-dihydrofuran-3-
yl)-N'-(4-methylbenzylidene)-1-phenylmethanesulfonohy-
drazide (6g): White solid (98 mg, 75%). m.p. 144~
146 ‘C; 'H NMR (600 MHz, CDCl;) 6: 'H NMR (600
MHz, CDCl), J: 2.46 (s, 3H, CH3), 3.60 (s, 3H, OCH3),
4.64~4.82 (dd, J=12.0, 12.0 Hz, 2H, CH,), 5.76 (s, 1H,
CH), 7.33 (d, J=6.0 Hz, 2H, ArH), 7.37~7.42 (m, 3H,
ArH), 7.47~7.50 (m, 2H, ArH), 7.73 (d, /=6.0 Hz, 2H,
ArH), 8.09 (s, 1H, CH); *C NMR (150 MHz, CDCl5) 4:
21.8, 57.8, 58.2, 101.0, 109.1, 126.7, 129.0, 129.1, 129.2,
129.8, 129.9, 131.1, 143.5, 149.0, 163.5, 164.9; ESI-
HRMS caled for CyHaCIN,OsS [M+H]" 435.0776,
found 435.0776.
(E)-N-(4-Chloro-2-methoxy-5-oxo0-2,5-dihydrofuran-3-
yl)-N'-(4-chlorobenzylidene)-4-methylbenzenesulfonohy-
drazide (6h): White solid (112 mg, 82%). m.p. 149~
151 “C; '"H NMR (600 MHz, CDCls) &: 2.45 (s, 3H, CH3),
3.70 (s, 3H, OCHa3), 6.22 (s, 1H, CH), 7.37 (d, J=6.0 Hz,
2H, ArH), 7.40 (d, J=6.0 Hz, 2H, ArH), 7.62 (d, J=6.0
Hz, 2H, ArH), 7.79 (s, 1H, CH), 7.82 (d, J=6.0 Hz, 2H,
ArH); 3C NMR (150 MHz, CDCl;) 6: 21.8, 58.7, 102.4,
117.0, 128.5, 129.3, 129.4, 130.0, 130.8, 133.3, 137.9,
145.9, 149.1, 154.1, 164.4; ESI-HRMS calcd for CioH7-
CLLN,OsS [M+H]" 455.0235, found 455.0237.
(E)-N-(4-Chloro-2-methoxy-5-oxo0-2,5-dihydrofuran-3-
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yl)-4-methyl-N'-((1-methyl-1H-indol-3-yl)methylene)ben-
zenesulfonohydrazide (6i): White solid (109 mg, 76%).
m.p. 89~91 °C; 'H NMR (600 MHz, CDCl3) J: 2.49 (s,
3H, CHz), 3.69 (s, 3H, OCH3), 3.84 (s, 3H, NCH3), 6.29 (s,
1H, CH), 7.27~7.32 (m, 1H, ArH), 7.34~7.40 (m, 4H,
ArH), 7.47 (s, 1H, CH), 7.84 (d, J=6.0 Hz, 2H, ArH), 8.17
(d, J=6.0 Hz, 1H, ArH), 8.50 (s, 1H, ArH); '3C NMR (150
MHz, CDCl3) d: 21.8, 33.5, 57.9, 99.3, 102.7,110.0, 110.1,
122.2, 123.0, 123.8, 125.2, 128.7, 129.7, 133.5, 136.7,
138.1, 145.6, 154.3, 161.7, 166.3; ESI-HRMS calcd for
C2oH2 CIN;O5S [M+H]" 474.0885, found 474.0885.

(E)-N'-Butylidene-N-(4-chloro-2-methoxy-5-oxo0-2,5-
dihydrofuran-3-yl)-4-methylbenzenesulfonohydrazide (6j):
Colorless waxy (89 mg, 77%). 'H NMR (600 MHz,
CDCls) d: 0.94 (t, J=6.0 Hz, 3H, CH3), 1.56~1.61 (m,
2H, CHy), 2.35~2.38 (m, 2H, CH,), 2.46 (s, 3H, CHj3),
3.64 (s, 3H, OCHs), 6.15 (s, 1H, CH), 7.35 (d, J/=6.0 Hz,
2H, ArH), 7.43 (t, J/=6.0 Hz, 1H, CH), 7.76 (d, /J=6.0 Hz,
2H, ArH); *C NMR (150 MHz, CDCl;) 6: 13.7, 19.2,
21.7, 34.6, 58.4, 102.1, 114.8, 128.4, 129.8, 133.4, 145.6,
149.3, 164.2 164.7; ESI-HRMS calcd for CisH20CIN,OsS
[M-+H]" 387.0781, found 387.0769.

N-(4-Chloro-2-methoxy-5-0x0-2,5-dihydrofuran-3-yl)-4-
methyl-N'-(4-methylpentan-2-ylidene)benzenesulfonohy-
drazide (6k): Colorless waxy (obtained as a mixture of
stereoisomers in 88 © 12 (£/Z) ratio 65%, 80 mg). '"H NMR
(600 MHz, CDCls) d: 0.88 (d, J/=6.0 Hz, 3H, CH3, Z-6k),
0.93 (d, /=6.0 Hz, 3H, CHs, Z-6k), 0.97 (d, /=6.0 Hz,
3H, CH3, E-6k), 1.01 (d, J/=6.0 Hz, 3H, CH3, E-6k), 1.99
(s, 3H, CH3, E-6k), 2.01~2.12 (m, 1H, CH-17), 2.14 (s,
3H, CHs, Z-6k), 2.22~2.36 (m, 2H, CH>), 2.45 (s, 3H,
CHa3), 3.68 (s, 3H, OCH3, E-6k), 3.72 (s, 3H, OCH3, Z-6k),
6.19 (s, 1H, CH, Z-6k), 6.23 (s, 1H, CH, E-6k), 7.35 (d,
J=6.0 Hz, 2H, ArH), 7.74 (d, /=6.0 Hz, 2H, ArH); 13C
NMR (150 MHz, CDCl3) d: 19.1, 21.8, 22.3, 22.5 (Z), 22.6
(2), 23.0, 23.1 (2), 26.0, 26.3 (Z), 26.9 (Z), 41.5 (Z), 47.4,
58.5, 58.7 (), 101.7, 101.9 (2), 107.6, 108.3 (2), 128.4,
129.8, 129.9 (2), 133.2 (Z), 133.3, 145.6, 148.8, 149.4 (2),
165.6, 183.5, 183.7 (Z); ESI-HRMS calcd for CisH4Cl-
N,OsS [M+H]" 415.1094, found 415.1057.

Supporting Information 'H NMR, *C NMR and '°F
NMR spectra of Sa~S5k and 6a~6k. The Supporting In-
formation is available free of charge via the Internet at
http://sioc-journal.cn/.
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