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The reaction between p-aminophenols 1 and various ketene acetals 2 in the presence of hypervalent
iodine is described. The results show that 2- and 3-substituted 5-sulfonamidobenzofurans 3 are obtained
in moderate to good yields from p-aminophenols and ketene acetals.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Natural and synthetic benzofurans are of great interest due to
their various biological activities.1 Moreover, they are used as
electroluminescent materials, liquid crystals, and organic dyes in
material chemistry.2 As a consequence, newer and more efficient
procedures are desirable for the syntheses of these compounds.

Structurally, benzofurans can be constructed either through
[4þ2] cycloaddition of furanderivatives anddienophiles3 or starting
from benzene derivatives.4 The Michael addition and subsequent
cyclization of benzoquinone with active methylene derivatives may
provide an alternative approach for the synthesis of benzofurans.5

Engler and co-workers elegantly explored the Lewis acid-
promoted reaction of 2-alkoxy-1,4-benzoquinones,6 quinone-1,4-
diimine,7 and quinone monoimine derivatives8 with styrenyl sys-
tems yielding primarily either 2-aryl-2,3-dihydrobenzofuran or
-dihydroindole products. Recently, Liu and co-workers reported that
theMichael addition and cyclization of ketene dithioacetals and 1,4-
benzoquinones activated by CuBr2 and BF3$OEt2 gave 5-
hydroxybenzofurans.9 On the other hand, others and we have
demonstrated that the electrochemical oxidation of catechols in the
presence of polarized alkenes can generate polyhydroxylated ben-
zofurans or indoles in a sequence of reactions beginningwith anodic
mail address: zengcc@bjut.e-
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oxidation followed by an intermolecular Michael reaction, a second
anodic oxidation and an intramolecular Michael reaction.10

Based on the above understanding, we hypothesize that the in
situ oxidation of 4-aminophenol derivatives using hypervalent
iodine11 ought to generatequinonemonoimine1eO.When this type
of reactive intermediate is treated with a polarized alkene in the
presence of dual catalysis, 5-aminobenzofurans may be produced
(Fig. 1). In the present work, we describe the efficient synthesis of
highly functionalized 5-aminobenzofurans from simple starting
material under mild conditions in a two-step, one-pot process.

2. Results and discussion

2.1. Synthesis of starting ketene S,S-acetals and N,S-acetals

a-Benzoyl ketene S,S-acetals 2aed (see Table 2) were prepared
from acetophenone and methanedithione12; a-acetyl-, a-amino-
carbonyl-, a-nitro-, and a-cyano-ketene S,S-acetals (2eeh; Table 2)
were prepared according to known procedures.13

For the synthesis of N,S-acetals (2ieq), we note that a literature
indicated that amixture of S,N- andN,N-ketals, which were difficult
to separate, was always afforded. Therefore, n-BuLi was used to
generate exclusively the mono-substituted N,S-acetals.14 However,
after extensive optimization of the experimental conditions,
we were delightedly to find that the desired N,S-acetal could
be selectively obtained by refluxing equivalent amounts of the
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Fig. 1. A two-step, one-pot approach for the synthesis of 5-aminobenzofurans 3.
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S,S-acetals and the desired amines in toluene for 16 h (45e70%
yields; note Scheme 1).
Scheme 1. The synthesis of N,S-acetals 2ieq.
2.2. Synthesis of benzofurans

Our evaluation of the possibility of achieving a one-pot, two-
step synthesis of benzofurans from aminophenol derivatives and
acetals commenced by using the sulfonamide-protected amino-
phenol 1a and para-methylbenzoyl S,S-acetal 2a as model com-
pounds (Scheme 2). In a first experiment, the reaction of 1awith 2a
was allowed to proceed at room temperature in the presence of
1 equiv of PhI(OCOCF3)2 as oxidant and the dual catalysts (BF3$Et2O
and CuBr2). This led to the desired benzofuran 3a in only 11% yield
(Table 1, entry 1). The use of longer reaction times (from 12 to 48 h)
did not lead to an increase in yield. However, under the same
conditions, the yield of 3a increased to 24% when PhI(OAc)2 was
used as the oxidant (Table 1, entry 2).
Table 1
Optimization of conditions for the synthesis of 3a from sulfonamide-protected
aminophenol 1a and p-methylbenzoyl S,S-acetal 2a

Entry Oxidant Ratio of
oxidant

Addition
sequence

Time (h) Yield (%)

1 PhI(OCOCF3)2 1.0 equiv Method a 12 11
2 PhI(OAc)2 1.0 equiv Method a 12 24
3 PhI(OAc)2 1.5 equiv Method a 1.5 48
4 PhI(OAc)2 2.0 equiv Method a 1.5 36
5 PhI(OAc)2 1.5 equiv Method b 1.5 61

Method a: 1a, 2a and oxidant were firstly added followed by the addition of catalysts
BF3$Et2O and CuBr2 10 min later.
Method b: 1a and oxidant were firstly added followed by the addition of 2a,
BF3$Et2O, and CuBr2 10 min later.

OH

NHTs

+
SCH3

SCH3 1. hyperv

2. CuBr2
CH3C
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O
H3C

Scheme 2. The synthesis of 3a from sulfonamide-protecte
Since the starting material, 1a, was not fully consumed, we
reasoned that these low yields might have arisen because an in-
sufficient amount of oxidant was used. In accord with this idea, the
use of 1.5 equiv of PhI(OAc)2 showed that the starting material was
consumed in 1.5 h and the yield of 3a increased to 48% (Table 1,
entry 3); the use of 2 equiv of oxidant resulted in a decrease to 36%
in yield (Table 1, entry 4).

Since the formation of the benzofuran framework is believed to
occur via a two-step, one-pot sequence, we reasoned that the order
of addition of the reagents should play an important role in the
success of theprocess. To test this idea,1a and theoxidant, PhI(OAc)2,
were firstmixed at room temperature, followedby the addition of 2a
and co-catalysts under the conditions reported above9 10 min later.
This change significantly improved the reaction outcomes and61%of
3awas isolated (entry 5). On the basis of these results, the optimized
conditionwas found to use a 1.0:1.5:1.0 ratio of 1a to PhI(OAc)2 to 2a,
with 2.0 mol % of CuBr2 and 10 mol % of BF3$Et2O as catalysts (in
4.0 mL MeCN)9 and at room temperature; the preferred order of
addition proved to be aminophenol 1a and PhI(OAc)2, followed by
the addition of ketene acetals 2, BF3$Et2O and CuBr2 10 min later.

Then, the scope of this two-step, one-pot benzofuran synthesis
was investigatedunder theoptimized conditions.As shown inTable 2,
the a-methoxybenzoyl ketene S,S-acetal 2b afforded adduct3b in 65%
yield (entry 2). Similarly, 3c and 3d were generated in 52% and 49%
yields, respectively, from a-benzoyl ketene S,S-acetal 2c and 2d,
alent iodine

, BF3.Et2O
N

O

TsHN
SCH3

3a

O CH3

d aminophenol 1a and p-methylbenzoyl S,S-acetal 2a.
although in a bit lower yields (entries 3 and 4). To investigate the
influence of the electron-withdrawing group (EWG) on the reaction
yield, acetyl-, aminocarbonyl-, nitro-, and cyano-substituted ketene
S,S-acetals 2ee hwere also synthesized and allowed to react with 1a
under the same conditions; it was observed that the stronger of the
electron-withdrawing properties of the EWG, the higher of the yields.
For example, when the EWG are acetyl- or aminocarbonyl-, 2e and 2f
gave 42% and 35% of corresponding benzofurans 3e and 3f (entries
5e6). However, the yields of the corresponding benzofurans 3g and
3h increased to 61% and 63% yields, respectively, when the EWG is
replaced by nitro or cyano groups, (entries 7e8).

Subsequently, the ketene N,S-acetals were subjected to reaction
with 1a in the presence of PhI(OAc)2 as oxidant. As shown in Table 2



Table 2
Yields of benzofurans 3

Entry 1 Ketene acetal Product Yield (%)

1 OHTsHN

1a 2a

SCH
3

O SCH
3

H
3
C

3a
O

O

CH
3

SCH
3

TsHN 61

2 OHTsHN

1a

SCH
3

O SCH
3

H
3
CO

2b

3b
O

O

OCH
3

SCH
3

TsHN 65

3 OHTsHN

1a

SCH
3

O SCH
3

2c

3c
O

O

SCH
3

TsHN 52

4 OHTsHN

1a

SCH
3

O SCH
3

Cl
2d

3d
O

O

Cl

SCH
3

TsHN 49

5 OHTsHN

1a

SCH
3

O SCH
3

2e

3e
O

O

SCH
3

TsHN 42

6 1a
H
2
N SCH

3

O SCH
3

2f
3f

O

O

NH
2

SCH
3

TsHN 35

7 1a O
2
N

SCH
3

SCH
3

2g
3g

O

NO
2

SCH
3

TsHN

61

8 1a NC

SCH
3

SCH
3

2h 3h
O

CN

SCH
3

TsHN

63

9 1a
2i

SCH
3

O NHPr

H
3
C

3i
O

O

CH
3

NHPr

TsHN 55

10 1a

2j

SCH
3

O NHPr

H
3
CO

3j
O

O

OCH
3

NHPr

TsHN 72

11 1a

2k

SCH
3

O NHPr

3k
O

O

NHPr

TsHN 54

12 1a
2l

SCH
3

O NHPr

Cl

3l
O

O

Cl

NHPr

TsHN 49

13 1a
SCH

3

O NHPr

2m

3m
O

O

NHPr

TsHN 58

(continued on next page)
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Table 2 (continued )

Entry 1 Ketene acetal Product Yield (%)

14 1a O
2
N
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3n

O

NO
2

NHPr

TsHN

47

15 1a

2o

SCH
3

O NHBn

H
3
C

3o
O

O

CH
3

NHBn

TsHN 73
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2p
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3
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3
CO
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O
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3
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17 1a
2q
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3

O NHBn

Cl
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O

O

Cl
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18
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3
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3

H
3
C

3r
O

O
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3
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3
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19 1b
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3

O NHPr

H
3
C
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O

O
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3
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H
3
C
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and Scheme 3, the reaction of ketene N,S-acetals 2ien, wherein
one eSCH3 group was substituted by NHPr, and 1a under the same
conditions afforded moderate to good yields of corresponding ben-
zofurans 3ien. In addition, benzylamino-substituted ketene N,S-ac-
etals 2oeq also generated benzofurans 3oeq in good yield (64e76%).
Scheme 3. Synthesis of benzofurans 3aes.
Finally, methyl-substituted aminophenol 1b was investigated.
As shown in Table 2, benzofurans 3r and 3s were obtained in 69%
and 64% yield, respectively.

2.3. Reaction mechanism

For the Lewis acid promoted reaction of 4-(N-benzenesulfonyl)
quinone monoimine derivatives and styrenes, the nature of the
Lewis acid promoter determines the regioselectivity, leading to the
formation of dihydrofuran or dihydroindoles.6b,8a When BF3$OEt2 is
used as the Lewis acid, it activates the 4-(N-benzenesulfonyl)
monoimine through binding to the imide and forms the dihy-
drofuran; whereas a dihydroindole is the main product using
excess amounts of Ti(IV) as the promoter due to its binding to the
C-1 carbonyl group of 4-(N-benzenesulfonyl)monoimine. Together
with the structural identification of the products in the present
work, we can propose an oxidation and [3þ2] cycloaddition
sequence for the construction of benzofurans 3. As illustrated in
Scheme 4, the oxidation of N-(4-hydroxyphenyl)-benzenesulfona-
mide 1a and 1b gives quinone monoimine 5, which is coordinated
by BF3 to the benzenesulfonyl nitrogen atom to produce
intermediate 6. On the other hand, the ketene acetals 2 are
activated by CuBr2 to form 2-CuBr2 adduct. The Michael addition of
CuBr2-activated ketene acetals 2 to 6 at its ortho-position of the
carbonyl group, followed by aromatization, generates intermediate
8. Finally, the intramolecular nucleophilic vinylic substitution (SNV)
reaction produce benzofurans 3.9,15



Scheme 4. A proposed reaction mechanism for the formation of benzofurans from p-tosylaminophenol and ketene acetals.

C.-W. Yang et al. / Tetrahedron 68 (2012) 10201e10208 10205
3. Conclusion

In summary, we have developed a one-pot, two-step sequence
involving the combination of a multi-component and multi-
catalysis strategy for the synthesis of 5-aminobenzofurans from
aminophenols and ketene acetals. The reaction is initiated from the
oxidation of aminophenol by hypervalent iodine to form a quinone
monoimine. The intermediate is activated in situ by BF3 at the
benzenesulfonyl nitrogen atom to induce a regioselective Michael
addition with ketene acetals activated by CuBr2. Following
intramolecular SNV reaction, 5-aminobenzofurans are formed
in moderate to good yields. This method provides an environ-
mentally benign access to 5-aminobenzofurans with several active
functional groups for further derivatization under mild reaction
conditions.

4. Experimental

4.1. General

All melting points (mp) were measured with an XT4A Electro-
thermal apparatus equipped with a microscope and are un-
corrected. Infrared spectra (IR) were recorded as thin films on KBr
plates on a Bruker IR spectrophotometer and are expressed in v
(cm�1). 1H and 13C NMR spectra were recorded on an AV 400 M
Bruker spectrometer (400 MHz for1H frequency, 100 MHz for 13C
frequency) in solvent (CDCl3 or DMSO-d6) with TMS as an internal
reference. MS data (ESI) were recorded on a Bruker esquire 6000
mass spectrometer. HR-MS (TOF-EI) were recorded on a GCT CA 127
Micronass UK mass spectrometer. All solvents were of commercial
quality and were dried and purified by standard procedures. N-(4-
hydroxyphenyl)benzenesulfonamides (1a and 1b) were synthe-
sized following reference procedures.16
4.2. General procedure for the synthesis of ketene N,S-acetals
2ieq

To a 100 mL round bottomed flask equipped with a magnetic
stirrer and a condenser were added ketene S,S-acetals (20 mmol)
and amine (20 mmol) dissolved in 30 mL of toluene. The reaction
mixture was heated to reflux for about 16 h and then cooled to
room temperature. After removal of the solvents under reduced
pressure, 50 mL of water was added to the flask and the mixture
was extracted using ethyl acetate (3�200 mL). The combined or-
ganic layers were washed with brine (2�50 mL) and dried over
anhydrous MgSO4. The desired ketene N,S-acetals were obtained
after column chromatography eluted by petroleum ether and ethyl
acetate.

4.2.1. (E)-3-Methylthio-3-propylamino-1-p-tolylprop-2-en-1-one
(2i).17 Yellowish powder, mp: 35e37 �C; yield: 65%. 1H NMR
(400 MHz, CDCl3): d 1.05 (t, 3H, J¼7.2 Hz, CH3), 1.75e1.77 (m, 2H,
CH2), 2.40 (s, 3H, CH3), 2.49 (s, 3H, SCH3), 3.38 (m, 2H, CH2), 5.62 (s,
1H, C]CH), 7.23 (d, 2H, J¼8.0 Hz, AreH), 7.78 (d, 2H, J¼8.0 Hz,
AreH), 11.94 (br, 1H, NH).

4.2.2. (E)-1-(4-Methoxyphenyl)-3-methylthio-3-propylaminoprop-
2-en-1-one (2j).17 Yellowish powder, mp: 43e44 �C; yield: 69%. 1H
NMR (400 MHz, CDCl3): d 1.04 (t, 3H, J¼7.2 Hz, CH3), 1.68e1.77 (m,
2H, CH2), 2.48 (s, 3H, SCH3), 3.33e3.38 (m, 2H, CH2), 3.85 (s, 3H,
OCH3), 5.62 (s, 1H, C]CH), 6.92 (d, 2H, J¼8.8 Hz, AreH), 7.85 (d, 2H,
J¼8.8 Hz, AreH), 11.81 (br, 1H, NH).

4.2.3. (E)-3-Methylthio-1-phenyl-3-propylaminoprop-2-en-1-one
(2k).17 Yellowish liquid, yield: 60%. 1H NMR (400 MHz, CDCl3):
d 1.05 (t, 3H, J¼7.2 Hz, CH3), 1.71e1.77 (m, 2H, CH2), 2.49
(s, 3H, SCH3), 3.35e3.40 (m, 2H, CH2), 5.66 (s, 1H, C]CH),
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7.39e7.45 (m, 3H, AreH), 7.87 (d, 2H, J¼8.8 Hz, AreH), 11.91 (br,
1H, NH).

4.2.4. (E)-1-(4-Chlorophenyl)-3-methylthio-3-propylaminoprop-2-
en-1-one (2l).17 Yellowish powder, mp: 68e70 �C; yield: 60%. 1H
NMR (400 MHz, CDCl3): d 1.04 (t, 3H, J¼7.2 Hz, CH3), 1.69e1.76 (m,
2H, CH2), 2.49 (s, 3H, SCH3), 3.34e3.39 (m, 2H, NHCH2), 5.60 (s, 1H,
C]CH), 7.37 (d, 2H, J¼8.8 Hz, AreH), 7.79 (d, 2H, J¼8.8 Hz, AreH),
11.91 (br, 1H, NH).

4 .2 .5 . (E ) -4-Methyl th io-4-propylaminobut-3-en-2-one
(2m). Yellowish liquid, yield: 41%. 1H NMR (400 MHz, CDCl3):
d 0.98 (t, 3H, J¼7.6 Hz, CH3), 1.61e1.70 (m, 2H, CH2), 2.05 (s, 3H,
CH3), 2.35 (s, 3H, SCH3), 3.26 (m, 2H, NHCH2), 4.95 (s, 1H, C]CH),
11.35 (br, 1H, NH); 13C NMR (100 MHz, DMSO-d6): d 18.9, 28.7, 42.8,
59.0, 71.5, 95.4, 163.0, 194.8; IR (KBr): n 2923, 2879, 1610,
1571 cm�1; ESI-MS: m/z 172.0 [M�1]�.

4.2.6. (E)-N-[1-(Methylthio)-2-nitrovinyl]propan-1-amine
(2n).18 Yellow powder, mp: 64e65 �C; yield: 68%. 1H NMR
(400 MHz, CDCl3): d 1.02 (t, 3H, J¼7.2 Hz, CH3), 1.71e1.77 (m, 2H,
CH2), 2.45 (s, 3H, SCH3), 3.38e3.42 (m, 2H, NHCH2), 6.59 (s, 1H, C]
CH), 10.58 (br, 1H, NH).

4.2.7. (E)-3-Benzylamino-3-methylthio-1-p-tolylprop-2-en-1-one
(2o).19 Yellowish powder, mp: 83e84 �C; yield: 63%. 1H NMR
(400 MHz, CDCl3): d 2.50 (s, 3H, SCH3), 4.63 (d, 2H, J¼5.6 Hz, CH2),
5.70 (s, 1H, C]CH), 7.28e7.33 (m, 1H, AreH), 7.34e7.40 (m, 6H,
AreH), 7.81 (d, 2H, J¼8.4 Hz, AreH), 12.21 (br, 1H, NH).

4.2.8. (E)-3-Benzylamino-1-(4-methoxyphenyl)-3-methylthioprop-
2-en-1-one (2p).19 Pink powder, mp: 43e44 �C; yield: 71%. 1H NMR
(400MHz, CDCl3): d 2.49 (s, 3H, SCH3), 3.87 (s, 3H, OCH3), 4.63 (d, 2H,
J¼5.6 Hz, CH2), 5.70 (s, 1H, C]CH), 6.93 (d, 2H, J¼8.8 Hz, AreH),
7.29e7.34 (m,5H,AreH),7.78 (d,2H, J¼8.4 Hz,AreH),12.15 (br,1H,NH).

4.2.9. (E)-3-Benzylamino-1-(4-chlorophenyl)-3-methylthioprop-2-
en-1-one (2q).19 Yellowish powder, mp: 92e93 �C; yield: 59%. 1H
NMR (400 MHz, CDCl3): d 2.49 (s, 3H, SCH3), 4.63 (d, 2H, J¼5.6 Hz,
CH2), 5.70 (s, 1H, C]CH), 6.93 (d, 2H, J¼8.8 Hz, AreH), 7.29e7.34
(m, 5H, AreH), 7.78 (d, 2H, J¼8.4 Hz, AreH), 12.15 (br, 1H, NH).

4.3. General procedure for the synthesis of benzofurans 3aes

Toa50 mLroundbottomedflaskcontainingN-(4-hydroxyphenyl)-
benzenesulfonamide (1 mmol) dissolved in 10 mL of acetonitrile was
added dropwise PhI(OAc)2 (483 mg, 1.5 mmol) in 5 mL of CH2Cl2 and
0.1 mL of 1 mol/L BF3$Et2O. After stirring at room temperature for
10 min, ketene S,S-acetals or N,S-acetals (1 mmol) and CuBr2 (4.6 mg,
0.02mmol) were added and the solutionwas continued to stir, while
monitoring the reaction by TLC. After the completion of the reaction
(about 30 min), the solvent was evaporated under reduced pressure
and 20mL of saturated sodium carbonate aqueouswas added. CH2Cl2
was used to extract (3�20mL), the combined organic layers were
washed with brine and dried over anhydrous MgSO4. The expected
benzofurans were obtained after column chromatography; elution
used a mixed solvent of petroleum ether and acetone.

4.3.1. N-[3-(4-Methylbenzoyl)-2-(methylthio)benzofuran-5-yl]-4-
methyl-benzene-sulfonamide (3a). Yield: 61%; mp: 159e161 �C; 1H
NMR (400 MHz, DMSO-d6): d 2.33 (s, 3H, CH3), 2.44 (s, 3H, CH3),
2.62 (s, 3H, SCH3), 7.01 (dd, 1H, J¼8.8 Hz, J¼2.0 Hz, AreH), 7.05 (d,
1H, J¼1.6 Hz, AreH), 7.31 (d, 2H, J¼8.8 Hz, AreH), 7.33 (d, 2H,
J¼8.8 Hz, AreH), 7.50 (d, 2H, J¼8.0 Hz, AreH), 7.52 (d, 1H, J¼8.8 Hz,
AreH), 7.56 (d, 2H, J¼8.0 Hz, AreH), 10.10 (s, 1H, NH); 13C NMR
(100 MHz, DMSO-d6): d 14.1, 21.4, 21.7,111.8,112.8,116.7,118.3,127.1,
127.2, 128.9, 129.7, 130.0, 134.7, 136.4, 136.9, 143.3, 143.6, 152.1,
163.7, 189.4; IR (KBr): n 3434, 2923, 1608 cm�1; ESI-MS: m/z 449.8
[M�1]�, 473.9 [MþNa]þ; HREI-MS (m/z) calcd for C24H21NO4S2 (M)
451.0912, found 451.0920.

4.3.2. N-[3-(4-Methoxybenzoyl)-2-(methylthio)benzofuran-5-yl]-4-
methylbenzene-sulfonamide (3b). Yellowish powder, yield: 65%;
mp: 130e131 �C; 1H NMR (400 MHz, DMSO-d6): d 2.32 (s, 3H, CH3),
2.62 (s, 3H, SCH3), 3.88 (s, 3H, OCH3), 7.03e7.06 (m, 4H, AreH), 7.31
(d, 2H, J¼7.6 Hz, AreH), 7.50e7.54 (m, 3H, AreH), 7.66 (d, 2H,
J¼7.6 Hz, AreH), 10.12 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6):
d 14.2, 21.4, 56.0, 111.8, 112.8, 114.4, 117.0, 118.2, 127.1, 127.4, 130.0,
131.3, 131.4, 134.7, 136.9, 143.6, 152.1, 162.6, 163.3, 188.3; IR (KBr): n
3435, 3172, 2934, 1599 cm�1; ESI-MS: m/z 465.8 [M�1]�, 467.8
[Mþ1]þ, 489.8 [MþNa]þ; HREI-MS (m/z) calcd for C24H21NO5S2 (M)
467.0861, found 467.0869.

4.3.3. N-[3-Benzoyl-2-(methylthio)benzofuran-5-yl]-4-methylbenze-
nesulfonamide (3c). Yellowish powder, yield: 52%;mp: 156e157 �C;
1H NMR (400 MHz, DMSO-d6): d 2.32 (s, 3H, CH3), 2.63 (s, 3H, SCH3),
6.98e7.02 (m, 2H, AreH), 7.31 (d, 2H, J¼7.6 Hz, AreH), 7.48e7.56
(m, 5H, AreH), 7.64 (d, 2H, J¼7.6 Hz, AreH), 7.68e7.71 (m, 1H,
AreH), 10.14 (br, 1H, NH); 13C NMR (100 MHz, DMSO-d6): d 14.0,
21.4, 111.8, 112.6, 116.4, 118.1, 127.0, 127.1, 128.5, 129.2, 130.0, 132.9,
134.8, 136.9, 139.2, 143.6, 152.1, 164.5, 189.8; IR (KBr): n 3436, 3242,
2920, 1600 cm�1; ESI-MS: m/z 435.8 [M�1]�, 437.8 [Mþ1]þ, 459.7
[MþNa]þ; HREI-MS (m/z) calcd for C23H19NO4S2 (M) 437.0756,
found 437.0762.

4.3.4. N-[3-(4-Chlorobenzoyl)-2-(methylthio)benzofuran-5-yl]-4-
methylbenzene-sulfonamide (3d). Yellowish powder, yield: 49%;
mp: 169e171 �C; 1H NMR (400 MHz, DMSO-d6): d 2.33 (s, 3H, CH3),
2.64 (s, 3H, SCH3), 6.99 (d, 1H, J¼2.0 Hz, AreH), 7.03 (dd, 1H,
J¼8.8 Hz, J¼2.0 Hz, AreH), 7.33 (d, J¼8.0 Hz, 2H, AreH), 7.51 (d, 2H,
J¼8.4 Hz, AreH), 7.54 (d, 1H, J¼8.8 Hz, AreH), 7.59 (d, 2H, J¼8.8 Hz,
AreH), 7.66 (d, 2H, J¼8.8 Hz, AreH), 10.15 (br, 1H, NH); 13C NMR
(100 MHz, DMSO-d6): d 14.0, 21.4, 111.8, 112.4, 116.1, 118.1, 126.9,
127.1, 129.3, 130.1, 130.4, 134.9, 136.9, 137.6, 137.9, 143.6, 152.1, 164.9,
188.6; IR (KBr): n 3436, 3227, 2941, 1612, 1592 cm�1; ESI-MS: m/z
469.8 [M�1]�, 471.7 [Mþ1]þ, 493.7 [MþNa]þ; HREI-MS (m/z) calcd
for C23H18NO4S2Cl (M) 451.0366, found 451.0373.

4.3.5. N-[3-Acetyl-2-(methylthio)benzofuran-5-yl]-4-methylbenzene-
sulfonamide (3e). Yield: 42%; mp: 147e149 �C; 1H NMR (400 MHz,
DMSO-d6): d 2.31 (s, 3H, CH3), 2.48 (s, 3H, SCH3), 2.67 (s, 3H, COCH3),
6.99e7.01 (m, 1H, AreH), 7.32 (d, 2H, J¼8.0 Hz, AreH), 7.49 (d, 1H,
J¼8.8 Hz,AreH), 7.61 (d, 2H, J¼8.0 Hz,AreH), 7.62 (s,1H, AreH),10.20
(s, 1H, NH); 13C NMR (100 MHz, DMSO-d6): d 13.7, 21.4, 31.1, 111.6,
113.0, 116.8, 117.8, 126.8, 127.3, 130.1, 135.0, 136.9, 143.6, 152.0, 163.8,
192.0; IR (KBr): n3435,3101, 2985, 2917,1706,1602cm�1; ESI-MS:m/z
373.8 [M�1]�, 375.9 [Mþ1]þ, 397.8 [MþNa]þ; HREI-MS (m/z) calcd
for C18H17NO4S2 (M) 375.0599, found 375.0603.

4.3.6. 5-(4-Methylphenylsulfonamido)-2-(methylthio)benzofuran-3-
carboxamide (3f). Yield: 35%; mp: 235e236 �C; 1H NMR (400 MHz,
DMSO-d6): d 2.29 (s, 3H, CH3), 2.58 (s, 3H, SCH3), 6.97 (d, 1H,
J¼8.8 Hz, AreH), 7.29 (d, 2H, J¼7.6 Hz, AreH), 7.42 (d, 1H, J¼8.8 Hz,
AreH), 7.58 (d, 2H, J¼8.0 Hz, AreH), 7.57 (s, 1H, AreH), 9.94 (s, 1H,
NH); 13C NMR (100 MHz, DMSO-d6): d 15.2, 21.4, 111.5, 113.6, 118.6,
127.2, 130.0, 134.3, 137.0, 143.6, 152.1, 156.3, 164.3; IR (KBr): n 3449,
3368, 2921, 1641 cm�1; ESI-MS: m/z 375.0 [M�1]�, 377.0 [Mþ1]þ,
376.5 [MþNa]þ; HREI-MS (m/z) calcd for C17H16N2O4S2 (M)
376.0552, found 376.0557.

4.3.7. N-[2-(Methylthio)-3-nitrobenzofuran-5-yl]-4-methyl-benze-
nesulfonamide (3g). Yield: 61%; mp: 193e195 �C; 1H NMR
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(400 MHz, DMSO-d6): d 2.31 (s, 3H, CH3), 2.76 (s, SCH3), 7.14 (d, 1H,
J¼8.0 Hz, AreH), 7.33e7.71 (m, 6H, AreH), 10.42 (s, 1H, NH); 13C
NMR (100 MHz, DMSO-d6): d 13.5, 21.4, 111.0, 112.5, 118.7, 121.6,
127.2, 128.8, 130.1, 136.3, 136.8, 143.8, 150.6, 165.8; IR (KBr): n 3435,
3241, 1599 cm�1; ESI-MS: m/z 376.6 [M�1]�; HREI-MS (m/z) calcd
for C16H14N2O5S2 (M) 378.0344, found 378.0351.

4.3.8. N-[3-Cyano-2-(methylthio)benzofuran-5-yl]-4-methylbenzene-
sulfonamide (3h). Yield: 63%; mp: 184e186 �C; 1H NMR (400 MHz,
DMSO-d6): d 2.32 (s, 3H, CH3), 2.76 (s, SCH3), 7.12 (dd, 1H, J¼2.0 Hz,
8.8 Hz, AreH), 7.24 (d, 1H, J¼1.6 Hz, AreH), 7.35 (d, 2H, J¼8.4 Hz,
AreH), 7.57e7.60 (m, 3H, AreH), 10.39 (s, 1H, NH); 13C NMR
(100 MHz, DMSO-d6): d 15.2, 21.4, 111.0, 112.7, 112.9, 119.4, 126.9,
127.2, 127.3, 130.2, 135.7, 136.7, 143.8, 151.6, 164.5; IR (KBr): n 3450,
3241, 2922, 1623 cm�1; ESI-MS: m/z 357.0 [M�1]�, 359.0 [Mþ1]þ,
381.0 [MþNa]þ; HREI-MS (m/z) calcd for C17H14N2O3S2 (M)
358.0446, found 358.0450.

4.3.9. N-[3-(4-Methylbenzoyl)-2-(propylamino)benzofuran-5-yl]-4-
methyl-benzene sulfonamide (3i). Yield: 55%; mp: 204e205 �C; 1H
NMR (400 MHz, DMSO-d6): d 0.92 (t, 3H, J¼7.6 Hz, CH2CH3),
1.62e1.67 (m, 2H, CH2CH3), 2.33 (s, 3H, CH3), 2.44 (s, 3H, CH3),
3.43e3.48 (m, 2H, NHCH2), 6.62 (s, 1H, AreH), 6.68 (dd, 1H,
J¼8.8 Hz, 1.6 Hz, AreH), 7.23 (d, 1H, J¼8.8 Hz, AreH), 7.29e7.31 (m,
4H, AreH), 7.40 (d, 2H, J¼8.0 Hz, AreH), 7.44 (d, 2H, J¼8.0 Hz,
AreH), 9.12 (t, 1H, J¼6.0 Hz, NHCH2), 9.87 (s, 1H, NHSO2); 13C NMR
(100 MHz, DMSO-d6): d 11.5, 21.4, 21.7, 23.3, 43.7, 92.7, 110.7, 111.6,
115.3, 127.2, 127.3, 127.5, 129.4, 129.9, 134.2, 137.0, 138.4, 140.8,
143.4, 146.1, 166.9, 188.2; IR (KBr): n 3436, 3291, 3166, 2963, 1644,
1592 cm�1; ESI-MS: m/z 460.9 [M�1]�, 462.9 [Mþ1]þ, 484.9
[MþNa]þ; HREI-MS (m/z) calcd for C26H26N2O4S (M) 462.1613,
found 462.1620.

4.3.10. N-[3-(4-Methoxybenzoyl)-2-(propylamino)benzofuran-5-yl]-
4-methyl-benzenesulfonamide (3j). Yellowish powder, yield: 72%;
mp: 86e88 �C; 1H NMR (400 MHz, DMSO-d6): d 0.92 (t, 3H,
J¼7.2 Hz, CH2CH3), 1.62e1.67 (m, 2H, CH2CH3), 2.33 (s, 3H, CH3),
3.45 (q, 2H, J¼7.2 Hz, NHCH2), 3.88 (s, 3H, OCH3), 6.68 (d, 1H,
J¼2.0 Hz, AreH), 6.72 (dd, 1H, J¼6.8 Hz, 2.0 Hz, AreH), 7.01 (d, 2H,
J¼8.8 Hz, AreH), 7.24 (d, 1H, J¼8.4 Hz, AreH), 7.30 (d, 2H, J¼8.0 Hz,
AreH), 7.46 (d, 2H, J¼7.2 Hz, AreH), 7.48 (d, 2H, J¼7.2 Hz, AreH),
9.07 (t, 1H, J¼7.2 Hz, NHCH2), 9.87 (s, 1H, NHSO2); 13C NMR
(100 MHz, DMSO-d6): d 11.5, 21.4, 23.3, 43.7, 55.8, 92.5, 110.7, 111.7,
114.1, 115.2, 127.2, 127.4, 129.5, 129.9, 133.5, 134.2, 137.0, 143.4, 146.1,
161.6, 166.8, 187.5; IR (KBr): n 3438, 3158, 2961, 1643, 1603 cm�1;
ESI-MS: m/z 476.8 [M�1]�, 479.0 [Mþ1]þ, 501.0 [MþNa]þ, 516.9
[MþK]þ; HREI-MS (m/z) calcd for C26H26N2O5S (M) 478.1562, found
478.1568.

4.3.11. N-[3-Benzoyl-2-(propylamino)benzofuran-5-yl]-4-
methylbenzenesulfonamide (3k). Yield: 54%; mp: 191e192 �C; 1H
NMR (400 MHz, DMSO-d6): d 0.92 (t, 3H, J¼7.6 Hz, CH2CH3),
1.61e1.70 (m, 2H, CH2CH3), 2.33 (s, 3H, CH3), 3.47e3.49 (m, 2H,
NHCH2), 6.57 (d, 1H, J¼1.6 Hz, AreH), 6.68 (dd, 1H, J¼8.8 Hz,
J¼1.6 Hz, AreH), 7.24 (d, 1H, J¼8.8 Hz, AreH), 7.29 (d, 2H, J¼8.0 Hz,
AreH), 7.43 (d, 2H, J¼8.8 Hz, AreH), 7.47e7.63 (m, 5H, AreH), 9.16
(t, 1H, J¼6.0 Hz, NHCH2), 9.89 (s, 1H, NHSO2); 13C NMR (100 MHz,
DMSO-d6): d 11.5, 21.4, 23.2, 43.8, 92.3, 110.7, 111.4, 115.3, 127.1,
127.2,128.5,129.0,129.9,131.0,134.3,137.0,141.3,143.4,146.1,166.9,
188.3; IR (KBr): n 3435, 3099, 2929, 1648, 1593 cm�1; ESI-MS: m/z
449.0 [Mþ1]þ, 471.0 [MþNa]þ, 486.9 [MþK]þ; HREI-MS (m/z) calcd
for C25H24N2O4S (M) 448.1457, found 448.1464.

4.3.12. N-[3-(4-Chlorobenzoyl)-2-(propylamino)benzofuran-5-yl]-4-
methylbenzene-sulfonamide (3l). Yield: 49%; mp: 161e163 �C; 1H
NMR (400 MHz, DMSO-d6): d 0.91 (t, 3H, J¼7.2 Hz, CH2CH3),
1.62e1.67 (m, 2H, CH2CH3), 2.33 (s, 3H, CH3), 3.45e3.47 (m, 2H,
NHCH2), 6.49 (s, 1H, AreH), 7.14 (d, 1H, J¼8.4 Hz, AreH), 7.23e7.56
(m, 9H, AreH), 9.13 (t, 1H, J¼6.0 Hz, NHCH2), 9.93 (s, 1H, NHSO2);
13C NMR (100 MHz, DMSO-d6): d 11.5, 21.4, 23.2, 43.8, 92.7, 110.8,
111.0, 115.2, 127.0, 127.1, 129.1, 129.2, 129.9, 134.4, 135.6, 137.0, 139.9,
143.4, 146.1, 166.9, 186.8; IR (KBr): n 3438, 3171, 2963, 1648,
1593 cm�1; ESI-MS: m/z 480.8 [M�1]�, 483.0 [Mþ1]þ, 504.9
[MþNa]þ, 520.9 [MþK]þ; HREI-MS (m/z) calcd for C25H23N2O4SCl
(M) 482.1067, found 482.1073.

4.3.13. N-[3-Acetyl-2-(propylamino)benzofuran-5-yl]-4-methylben-
zenesulfonamide (3m). Yield: 58%; mp: 240e241 �C; 1H NMR
(400 MHz, DMSO-d6): d 0.92 (t, 3H, J¼7.2 Hz, CH2CH3), 1.54e1.63
(m, 2H, CH2CH3), 2.27 (s, 3H, CH3), 2.30 (s, 3H, CH3), 3.34e3.41 (m,
2H, NHCH2), 6.73 (dd, 1H, J¼8.4 Hz, 2.0 Hz, AreH), 7.16 (d, 1H,
J¼2.0 Hz, AreH), 7.21 (d, 1H, J¼8.4 Hz, AreH), 7.32 (d, 2H, J¼8.4 Hz,
AreH), 7.62 (d, 2H, J¼8.4 Hz, AreH), 8.72 (t, 1H, J¼6.0 Hz, AreH),
10.01 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6): d 11.4, 21.4, 23.3,
29.3, 43.6, 93.5, 110.7, 111.2, 114.5, 127.3, 127.7, 130.0, 134.7, 143.5,
146.0, 165.4, 190.1; IR (KBr): n 3435, 3240, 2968, 1667, 1490 cm�1;
EI-MS: m/z 386 [M]þ; HREI-MS (m/z) calcd for C20H22N2O4S (M)
386.1300, found 386.1306.

4.3.14. N-[3-Nitro-2-(propylamino)benzofuran-5-yl]-4-methyl-ben-
zenesulfonamide (3n). Yellowish powder, yield: 47%; mp:
199e201 �C; 1H NMR (400 MHz, DMSO-d6): d 0.89 (t, 3H, J¼7.6 Hz,
CH2CH3), 1.61e1.70 (m, 2H, CH2CH3), 2.31 (s, 3H, CH3), 3.44e3.49
(m, 2H, NHCH2), 6.92 (dd, 1H, J¼8.8 Hz, 2.0 Hz, AreH), 7.32e7.63
(m, 6, AreH), 9.59 (t, 1H, J¼6.4 Hz, NH), 10.21 (s, 1H, SO2NH); 13C
NMR (100 MHz, DMSO-d6): d 11.4, 21.4, 22.8, 44.6, 109.1, 111.2, 111.3,
116.8, 122.8, 122.7, 127.2, 130.1, 135.6, 137.0, 143.6, 144.2, 161.0; IR
(KBr): n 3433, 3242, 2965, 1665, 1494, 1468, 1158, 1078 cm�1; ESI-
MS: m/z, 411.9 [MþNa]þ; HREI-MS (m/z) calcd for C18H19N3O5S
(M) 389.1045, found 389.1051.

4.3.15. N-[2-(Benzylamino)-3-(4-methylbenzoyl)benzofuran-5-yl]-4-
methyl-benzenesulfonamide (3o). Yellowish powder. Yield: 73%;
mp: 189e189 �C; 1H NMR (400 MHz, DMSO-d6): d 2.33 (s, 3H, CH3),
2.44 (s, 3H, CH3), 4.69 (d, 2H, J¼7.2 Hz, NHCH2), 6.63 (s, 1H, AreH),
6.68 (dd, 1H, J¼8.8 Hz, 2.0 Hz, AreH), 7.22 (d, 1H, J¼8.8 Hz, AreH),
7.26e7.44 (m, 13H, AreH), 9.51 (t, 1H, J¼7.2 Hz, NH), 9.87 (s, 1H,
NH); 13C NMR (100 MHz, DMSO-d6): d 21.4, 21.7, 45.6, 93.0, 110.8,
111.7, 115.4, 127.1, 127.5, 127.8, 129.0, 129.1, 129.4, 129.9, 130.0, 134.3,
137.0, 138.4, 138.8, 140.9, 141.0, 143.4, 146.1, 187.6; IR (KBr): n 3434,
3249, 2921, 1643, 1182 cm�1; ESI-MS: m/z 508.8 [M�1]�, 511.0
[Mþ1]þ, 533.0 [MþNa]þ, 548.9 [MþK]þ; HREI-MS (m/z) calcd for
C30H26N4O4S (M) 510.1613, found 510.1618.

4.3.16. N-[2-(Benzylamino)-3-(4-methoxybenzoyl)benzofuran-5-yl]-
4-methyl-benzenesulfonamide (3p). Yellowish powder. Yield: 76%;
mp: 168e170 �C; 1H NMR (400 MHz, DMSO-d6): d 2.32 (s, 3H, CH3),
3.88 (s, 3H, OCH3), 4.69 (d, 2H, J¼6.4 Hz, CH2Ph), 6.68e6.72 (m, 2H,
AreH), 7.00 (d, 2H, J¼8.8 Hz, AreH), 7.22 (d, 1H, J¼8.4 Hz, AreH),
7.25e7.40 (m, 7H, AreH), 7.45 (d, 2H, J¼8.4 Hz, AreH), 7.49 (d, 2H,
J¼8.8 Hz, AreH), 9.45 (t, 1H, J¼6.4 Hz, NHCH2), 9.87 (s, 1H, NHSO2);
13C NMR (100 MHz, DMSO-d6): d 21.4, 45.6, 55.8, 92.9, 108.8, 110.7,
111.7, 115.4, 127.1, 127.5, 127.8, 128.1, 129.1, 129.4, 129.9, 134.3, 137.0,
138.4, 138.8, 140.9, 141, 143.4, 146.1, 187.6; IR (KBr): n 3434, 2924,
1644, 1602 cm�1; m/z 524.8 [M�1]�, 527.0 [Mþ1]þ, 549.0
[MþNa]þ; HREI-MS (m/z) calcd for C30H26N2O5S (M) 526.1562,
found 526.1570.

4.3.17. N-[2-(Benzylamino)-3-(4-chlorobenzoyl)benzofuran-5-yl]-4-
methyl-benzenesulfonamide (3q). Yellowish powder. Yield: 64%;
mp: 109e111 �C; 1H NMR (400 MHz, DMSO-d6): d 2.32 (s, 3H,
CH2CH3), 4.70 (s, 2H, NHCH2), 6.50 (s, 1H, AreH), 6.71 (d, 2H,
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J¼7.6 Hz, AreH), 7.22e7.54 (m, 14H, AreH), 9.55 (s, 1H, NH), 9.93 (s,
1H, NH); 13C NMR (100 MHz, DMSO-d6): d 21.4, 45.6, 93.0, 110.9,
111.2, 115.3, 127.1, 127.8, 127.8, 129.0, 129.0, 129.1, 129.3, 129.9, 134.5,
135.7, 137.0, 138.7, 139.8, 143.4, 146.1, 166.5, 187.1; IR (KBr): n 3434,
3256, 2922, 1643 cm�1; ESI-MS: m/z 528.8 [M�1]�, 531.0 [Mþ1]þ,
552.7 [MþNa]þ; HREI-MS (m/z) calcd for C29H23N2O4SCl (M)
530.1067, found 530.1072.

4.3.18. N-[6-Methyl-3-(4-methylbenzoyl)-2-(methylthio)benzofuran-
5-yl]-4-methylbenzenesulfonamide (3r). Yellowish powder. Yield:
69%; mp: 199e201 �C; 1H NMR (400 MHz, DMSO-d6): d 2.06 (s, 3H,
CH3), 2.35 (s, 3H, CH3), 2.45 (s, 3H, CH3), 2.63 (s, 3H, CH3), 6.91 (s,
1H, AreH), 7.26 (d, 2H, J¼8.0 Hz, AreH), 7.33 (d, 2H, J¼8.0 Hz,
AreH), 7.41 (d, 2H, J¼8.0 Hz, AreH), 7.46 (s, 1H, AreH), 7.59 (d, 2H,
J¼8.0 Hz, AreH), 9.45 (s, 1H, NHSO2); 13C NMR (100 MHz, DMSO-
d6): d 14.1, 18.5, 21.5, 21.7, 112.6, 116.7, 119.0, 124.8, 127.0, 128.9,
129.7, 129.9, 131.9, 132.0, 136.4, 138.0, 143.3, 153.4, 162.9, 189.2; IR
(KBr): n 3435, 2920, 1623, 837 cm�1; ESI-MS: m/z 464.0 [M�1]�,
466.0 [Mþ1]þ; HREI-MS (m/z) calcd for C25H23NO4S2 (M) 465.1068,
found 465.1065.

4.3.19. N-[6-Methyl-3-(4-methylbenzoyl)-2-(propylamino)benzofu-
ran-5-yl]-4-methylbenzenesulfonamide (3s). Yellowish powder.
Yield: 64%; mp: 194e197 �C; 1H NMR (400 MHz, DMSO-d6): d 0.93
(t, 3H, J¼7.2 Hz, CH2CH3), 1.61e1.71 (m, 2H, CH2CH3), 2.06 (s, 3H,
CH3), 2.02 (s, 3H, CH3), 2.37 (s, 3H, CH3), 2.43 (s, 3H, CH3), 3.45e3.50
(m, 2H, NHCH2), 6.53 (s,1H, AreH), 7.20 (s,1H, AreH), 7.22e7.41 (m,
8H, AreH), 9.15 (t, 2H, J¼6.4 Hz, AreH), 9.23 (s, 1H, NHSO2); 13C
NMR (100 MHz, DMSO-d6): d 11.6, 18.3, 21.5, 21.6, 23.3, 43.8, 92.4,
112.0, 117.7, 124.7, 127.0, 127.5, 129.0, 129.3, 129.8, 131.2, 138.1, 138.4,
140.7, 143.1, 147.5, 166.8, 187.8; IR (KBr): n 3450, 3288, 2970,
1641 cm�1; ESI-MS: m/z 475.0 [M�1]�, 477.1 [Mþ1]þ, 499.0
[MþNa]þ; HREI-MS (m/z) calcd for C27H28N2O4S (M) 478.1770,
found 478.1767.
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