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Isoxazol-5(4H)-Ones toAurone-DerivedAzadienes
Ricardo Torán,[a] Jordi Torró,[a] Amparo Sanz-Marco,*[a] Carlos Vila,[a] and Gonzalo Blay*[a]

An efficient enantioselective organocatalytic conjugate addi-
tion of isoxazol-5(4H)-ones to aurone-derived azadienes under
mild conditions has been developed. This methodology provides
access to a wide range of chiral compounds featuring both ben-
zofuran and isoxazole scaffolds in their structures achieving high

yields and stereo control. Furthermore, the resulting adducts can
be readily transformed into chiral β-benzofuran-branched car-
bonyl compounds in high yields and enantioselectivity in one-
pot reaction through hydrolysis-decarboxylation of the isoxazole
ring.

1. Introduction

Isoxazol-5(4H)-ones are important structural components in a
wide variety of drugs and natural products.[1] These hetero-
cycles are methylene active compounds due to the relatively
acidic nature of the C4─H bond offering three potential nucle-
ophilic sites within the ring: N2, C4, and the exocyclic car-
bonyl oxygen atom. Despite this, reactions typically occur at
the N2 and C4 positions.[2] Moreover, they serve as synthet-
ically versatile building blocks for the creation of ketones,
alkynes, and other heterocycles.[3] However, despite their poten-
tial asymmetric methods for the alkylation of isoxazolin-5(4H)-
ones are relatively limited especially in comparison to other
five-membered heterocycles. There are a few successful exam-
ples of N2-regioselective organocatalytic chiral functionaliza-
tion of isoxazol-5(4H)-ones using para-quinone methides (p-
QMs) as electrophiles,[4a,b] and 1-acylamino-3-arylprop-2-yn-1-
ols.[4d] On the other hand, organocatalytic strategies for the
asymmetric C4-regioselective functionalization of isoxazol-5(4H)-
ones have shown considerable promise with electrophiles such
as nitroolefins,[5a] N-fluorobenzenesulfonimide,[5b] α′-alkylidene-
2-cyclopentenones,[5c] β ,γ -alkynyl-α-imino esters,[5d] and isatin-
derived ketimines[5e] being effectively employed.

Benzofurans are also important heterocycles known for their
widespread presence in nature and varied pharmacological
properties.[6] In this context, aurone-derived azadienes charac-
terized by their α,β-unsaturated imine structure are particularly
valuable as electrophiles in asymmetric synthesis, enabling the
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Scheme 1. Organocatalytic asymmetric conjugated reaction both
isoxazol-5(4H)-ones and aurone-derived azadienes.

formation of chiral compounds that incorporate the benzofuran
group. This strategy facilitates the introduction of interest-
ing nucleophiles leading to the formation of functionalized
benzofurans derivatives.[7] Organocatalytic approaches using
aurone-derived azadienes have been employed for the asym-
metric formation of C─C bonds through conjugate addition with
various nucleophiles such as γ -substituted β ,γ -unsaturated
γ -lactones,[8a] rhodanines,[8b] 3-homoacyl coumarins,[8c] 5H-
thiazol-4-ones,[8d] 3-methylbenzofuran-2(3H)-ones,[8e] and α-aryl
isocyanoacetates[8f] among others (Scheme 1a).

As previously mentioned, the use of isoxazol-5(4H)-ones
as nucleophiles in asymmetric organocatalytic additions has
been explored.[4,5] However, only a few successful methodolo-
gies have been reported for the alkylation of isoxazol-5(4H)-
ones through organocatalytic asymmetric conjugate addition
(Scheme 1b).[4a,b,5a] In this context our research group has
described the first organocatalytic enantioselective C4-arylation
of isoxazolinones using o-quinone diimides.[9] Notably, the
newly developed procedure described here represents the first
example of utilizing this privileged heterocycle as a nucleophile
in asymmetric conjugate additions to α,β-unsaturated imines for
alkylation purposes.
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Building on our expertise and continued interest in the use
of isoxazol-5(4H)-ones[4a,5e,9] and aurone-derived azadienes[8f] in
asymmetric additions as well as the synthetic potential and bio-
logical significance of both isoxazol-5(4H)-ones and benzofuran
heterocycles, we have developed an organocatalytic asymmetric
conjugate addition of isoxazol-5(4H)-ones to aurone-derived aza-
dienes (Scheme 1c).This approach has been carefully designed
to fully exploit the C4-regioselective nucleophilic properties of
isoxazol-5(4H)-ones and the electrophilic reactivity of azadienes,
enabling the efficient formation of new C─C bonds with high
stereoselective control.

2. Results and Discussion

We initiated our study by examining the model reaction
between aurone-derived azadiene 1a and 3-phenylisoxazol-
5(4H)-one (2a) in the presence of 10 mol% of Takemoto’s catalyst
I using dichloromethane as the solvent at room temperature
(Table 1, entry 1). Interestingly, the desired conjugate addition
product was obtained as a tautomer. To determine the enan-
tiomeric ratio, the diastereomeric mixture was treated with acetic
anhydride, yielding the N-acylated product 3aa in 77% yield
and with a fair enantiomeric ratio of 75:25. On the other hand,
thiourea II derived of quinine gave product 3aa in both low
yield and low enantiomeric ratio (entry 2). The use of cyclo-
hexane diamine-derived squaramide catalyst III led to a good
yield and a higher enantiomeric ratio compared to the thiourea-
based organocatalysts (entry 3 versus entries 1–2). Furthermore,
an improvement in the enantiomeric ratio was observed when
using squaramide IV, derived of quinine, as the catalyst (entry 4).
At this stage, other squaramides derived from Cinchona alkaloids
were tested (entries 5–7) with the best results being achieved
with bifunctional squaramide VI, which provided a 69% yield and
an enantiomeric ratio of 88:12 of 3aa (entry 6).

The effect of different solvents on the reaction outcome was
also explored. Interestingly, when the reaction was performed
in 1,2-dichloroethane (DCE) resulted in an improved yield of
3aa and a slightly increase in the enantiomeric ratio to 89:11
(entry 8). In contrast, employing chloroform led to a signifi-
cantly lower yield of 53% and a reduced enantiomeric ratio of
78:22 (entry 9). When toluene was used, the reaction afforded
product 3aa in moderate yield (50%) and with a slightly lower
enantiomeric ratio (84:16) compared to the halogenated sol-
vents (entry 10 versus entries 7–8). Similarly, the use of tert-butyl
methyl ether (MTBE) yielded compound 3aa in similar yield and
lower enantiomeric ratio compared to DCE (entry 11 versus entry
8).

Further optimization of the reaction conditions was con-
ducted using DCE as the solvent. Performing the reaction
under more dilute conditions (0.05 M for substrate 1a instead
of 0.1 M) resulted in an improved yield of 3aa reaching 80%
while maintaining the enantiomeric ratio at 89:11 (entry 12).
Additionally, increasing the catalyst loading from 10 mol %
to 15 mol % resulted in compound 3aa being obtained in
improved enantiomeric ratio of 92:08 (entry 13). The most sig-

Table 1. Optimization of the reaction conditions.

Entrya) Cat Solvent Yield [%]b) er [%]c)

1 I CH2Cl2 77 75:25

2 II CH2Cl2 70 68:32

3 III CH2Cl2 73 81:19

4 IV CH2Cl2 48 84:16

5 V CH2Cl2 68 85:15

6 VI CH2Cl2 69 88:12

7 VII CH2Cl2 77 85:15

8 VI Cl2CH2CH2Cl2 74 89:11

9 VI CHCl3 53 78:22

10 VI Toluene 50 84:16

11 VI MTBEd) 77 86:14

12e) VI Cl2CH2CH2Cl2 80 89:11

13e),f ) VI Cl2CH2CH2Cl2 74 92:08

14e),f ),g) VI Cl2CH2CH2Cl2 87 93:07

15e),f ),h) VI Cl2CH2CH2Cl2 71 83:17

a) 1a (0.1 mmol), 2a (0.1 mmol), Cat (0.01 mmol), solvent (1 mL), room
temperature, 24 h.
b) Yield of the isolated product.
c) Determined by chiral HPLC.
d) Tert-butyl methyl ether (MTBE).
e) The reaction was carried out in 2 mL of DCE instead of 1 mL.
f) The reaction was carried out with 15 mol% of catalyst loading.
g) The reaction was carried out in presence of benzoic acid
(0.0075 mmol).
h) The reaction was carried out in presence of benzoic acid (0.015 mmol).

nificant improvement was achieved by adding 7.5 mol % ben-
zoic acid as an additive[10] which increased the yield of 3aa
to 87% and further improved the enantiomeric ratio to 93:7
(entry 14).

Based on the model proposed by Herrera and Diaz,[10] ben-
zoic acid is likely to interact with the carbonyl groups of the
squaramide through hydrogen bonding, thereby enhancing the
acidity of the NH protons on the catalyst VI. However, at higher
acid loadings, benzoic acid competes with 3-phenylisoxazol-
5(4H)-one (2a) for deprotonation by the nitrogen of the quinu-
clidine, which explains the observed decrease in enantiomeric
excess (entry 15).
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Scheme 2. Scope of the reaction. Reaction conditions: 1 (0.1 mmol), 2 (0.1 mmol), benzoic acid (0.0075 mmol), VI (0.015 mmol), DCE (2 mL), room
temperature, 24 h. Overall isolated yields. Enantiomeric ratio determined by chiral HPLC analysis.

With the best available conditions established (Table 1, entry
14), the scope and limitations of the reaction were studied,
initially testing various imines derived from aurone-derived aza-
diene 1 with 3-phenylisoxazol-5(4H)-one (2a) (Scheme 2).

Initially, the effect of the substituent on the N-sulfonyl
group was studied (1b–1e). Several arylsulfonyl imines with dif-
ferent R1 groups, including phenyl- (1b), o-methoxyphenyl- (1c)
or nosyl- (1d) sulfonylimines, as well as the methanesulfonyl
imine 1e were successfully tested affording the correspond-
ing compounds with similar results, although none of these
provided yields and enantioselectivities above those obtained
with the tosylimine 1a. Next, a wide range of N-tosyl aurone-
derived azadienes (1f-1q) with differently substituted aromatic
rings attached to the exocyclic double bond was reacted with
3-phenylisoxazol-5(4H)-one (2a), aiming to examine the impact
of electronic and esteric effect of different substituents at
the para, meta, and ortho positions on reaction yield and
enantioselectivity.

As shown in Scheme 2, the electronic effects of various
substituents in the para position of the aromatic ring (1f--1j)
were investigated. Slightly electron-donating groups, such as the
methyl group, produced product 3fa in high yield and with
good enantiomeric ratio (92:08). Azadiene 1f substituted with a
strongly electron-donating group, such as methoxy, influenced
the enantiomeric ratio resulting in 3ga in 84% yield and 83:17
er. In contrast, electron-withdrawing groups such as chloro and
bromo, yielded the products 3ha and 3ia in both higher yields
and higher enantiomeric ratios of 94:06 and 92:08, respectively.
Interestingly, the trifluoromethyl substituent, an interesting sub-
stituent due to the unique properties of fluorinated groups[11]

provided the corresponding product 3ja in 88% yield and the
highest 95:05 er. Our methodology proved to be robust for meta-
substituted aurone-derived azadienes (1k–1m), bearing either
electron-donating substituents, such as methyl and methoxy, or
electron-withdrawing groups, such as bromo, yielded the corre-
sponding adducts 3ka-3ma with high yields and enantiomeric
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Scheme 3. Reaction at 1 mmol scale.

ratios equal to or higher than 93:07. Notably, ortho-substituted
phenyl rings attached to the exocyclic double bond bearing
electron-withdrawing or electron-donating substituents were
also tolerated (1n-1p) yielding the desired products 3na-3pa in
high yields and good to high enantioselectivities. Additionally,
this study was extended to include an aurone-derived azadiene
substituted with a heteroaromatic 2-furanyl group 1q affording
compound 3qa in high yield (89%) and fair enantiomeric ratio
(75:25). To further expand the substrate scope, azadienes derived
from 4-methoxybenzofuran 1r and 5-bromobenzofuran 1s was
tested. The corresponding desired products 3ra and 3sa were
obtained with good results.

Finally, isoxazol-5(4H)-ones 2b–2d bearing different sub-
stituents at position 3 were explored. Reactions with isoxazol-
5(4H)-ones bearing para-substituted phenyl rings at C3 (2b–2d)
afforded the desired products 3ab and 3ad with high enan-
tiomeric ratios, similar to those obtained with isoxazol-5(4H)-
one 2a. Moreover, the reaction showed good tolerance for an
aliphatic substituent, such as a methyl group at C3 in isoxazol-
5(4H)-one 2e, yielding the corresponding compound 3ae in 87%
yield and 83:17 e.r.

To assess the applicability and robustness of the protocol, a
scalability study was performed (Scheme 3). In this study, 1 mmol
of both the aurone-derived azadiene 1a and 3-phenyl-isoxazol-
5(4H)-one (2a) was reacted under the optimized conditions. The
reaction afforded 3aa in 91% yield with a 91:09 enantiomeric ratio
consistent with the results obtained on smaller scale (0.1 mmol of
reactants).

Finally to demonstrate the synthetic potential of the
isoxazole ring and our protocol, we conducted a one-pot
organocatalytic enantioselective addition of isoxazol-5(4H)-ones
2 to aurone-derived azadiene 1 followed by an iron-mediated
hydrolysis-decarboxylation reaction (Scheme 4).[5e] This strategy
produced chiral β-branched ketones 4 featuring a benzofuran
ring at the beta position. While similar syntheses have been
achieved through the organocatalytic 1,4-addition of activated
ketones to azadienes,[12,13] the synthesis of ketones 4 via 1,4-
addition of nonactivated ketones to azadienes forming an enol
intermediate remains unreported. Our method offers a valuable
route to those challenging substrates and otherwise difficult to
access reactions.

The absolute configuration of the stereo genic center in
compound 4ga was determined to be S based on X-ray crystallo-
graphic analysis (Scheme 4). The configurations of the remaining
compounds 4 and 3 were assigned as S and R, respectively,
under the assumption of a uniform mechanistic pathway.[14]

Based on the obtained results and the observed absolute
configuration we propose a plausible stereo-control model out-

Scheme 4. Synthesis of ketones 4. Reaction conditions: 1 (0.1 mmol), 2
(0.1 mmol), benzoic acid (0.0075 mmol), VI (0.015 mmol), DCE (2 mL), at 60
°C for 24 h. Overall isolated yields. Enantiomeric ratios determined by chiral
HPLC analysis. X-ray structure of compound 4ga. Flack parameter 0.037(18).

Figure 1. Proposed stereochemical model.

lined in Figure 1. The bifunctional catalyst VI is responsible for
activating both substrates and reorienting them. The isoxazol-
5(4H)-one 2 is deprotonated by the tertiary amine of the quin-
uclidine ring while the aurone-derived azadiene 1 is activated
through hydrogen bonding between the N-tosyl group and the
squaramide. Additionally, benzoic acid modulates the acidity of
the squaramide. Subsequently, approach of the isoxazol-5(4H)-
one from the Si face of the azadiene’s double bond leads
to the corresponding addition product 3 with the observed
stereochemistry.

3. Conclusion

In conclusion, a novel enantioselective organocatalytic con-
jugate addition of isoxazol-5(4H)-ones to aurone-derived
azadienes[15] was successfully developed under mild organocat-
alytic conditions. This procedure enables the efficient synthesis

ChemCatChem 2025, 0, e202500033 (4 of 5) © 2025 The Author(s). ChemCatChem published by Wiley-VCH GmbH.
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of structurally complex chiral compounds with both benzofuran
and isoxazole frameworks achieving good levels of enantioselec-
tivity and high yields. Moreover, the versatility of the approach
is demonstrated by the straightforward transformation of the
adducts into chiral β-benzofuran-branched carbonyl compounds
through hydrolysis-decarboxylation of the isoxazole ring in high
yields and stereocontrols.
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Experimental methods 
Unless it is stated otherwise, reactants were obtained from commercial sources and used directly 

without further purification. Reactions were monitored with Merck 60 F254 (reference 5554 Merk) 

silica gel plates. The eluted TLC plates were visualized under 254 nm UV light and revealed with 

stain solutions of cerium molybdate or potassium permanganate. Flash column chromatography 

was carried out using a Silica Gel Merck 60 stationary phase (reference 109385 Merck), with a 

0.040-0.063 mm particle range size. The eluent was made to flow through the column with an air 

pump. NMR spectra were recorded using a Bruker Avance III 300 at 300 MHz for 1H, or 75 MHz 

for 13C. Signals of non-deuterated residual solvent were used as internal standard (7.26 ppm for 
1H and 77.16 ppm for 13C in chloroform; and 2.50 ppm for 1H and 39.52 ppm for 13C in DMSO-

d6.[16] Chemical shifts (δ) are expressed in ppm and coupling constants (J), in Hz. HRMS were 

recorded using a Waters Q-TOF spectrometer equipped with an electrospray source with a 

capillary voltage of 3.3 kV (ESI). Specific optical rotations were measured using a 

Bellingham+Stanley ADP430 polarimeter equipped with a LED light source, measuring at the 

sodium wavelength (D line, 589 nm) and a 1 dm path length cuvette. Concentrations are expressed 

in g/100 mL. Enantiomeric excesses were measured through HPLC analysis, using a Hitachi Elite 

Lachrom chromatograph with a Hitachi L-4500 or L-2455U UV diode array detectors. Daicel or 

Phenomenex columns with chiral stationary phases were employed, and the samples were eluted 

with mixtures of HPLC-grade hexane and isopropyl alcohol. Aurone-derived azadienes 1,[17] 

isoxazol-5(4H)-ones 2[18] and squaramide VI[19] were prepared according to literature procedures. 
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General procedure for the synthesis and characterization of the products 3 

N+

1

O
O

R4

2

1)
 VI 

(15 mol %)
PhCOOH (7.5 mol%)

DCE, rt

2) Ac2O, rt
O

NSO2R3

R1
O

R3O2SHN R1

N
O

O

R4

Me
O

R2

R2

N

H
N

O
O

HN

CF3

CF3

N

  VI

3  

In a test tube, aurone-derived azadiene 1 (0.1 mmol), isoxazol-5(4H)-one 2 (0.1 

mmol), catalyst VI (9 mg, 0.015 mmol), and benzoic acid (1 mg, 0.0075 mmol) are 

introduced and purged with nitrogen. The reaction mixture is dissolved in dry 1,2-

dichloroethane (2 mL) and stirred at room temperature for 24 hours. After complete 

consumption of the starting substrates, acetic anhydride (20 μL, 0.2 mmol) is added, and 

the reaction is stirred at room temperature for 30 minutes. Subsequently, the mixture is 

purified by column chromatography using Hexane:EtOAc solvent mixtures. 

(R)-N-(2-((2-Acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)benzofuran-

3-yl)-4-methylbenzenesulfonamide (3aa) 

50.0 mg (87%) were obtained from 1a (37.5 mg) and 2a (16 

mg). The enantiomeric excess (86%) was determined by HPLC 

(Chiralpak IC) hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 50.3 min, minor enantiomer: tr = 40.0 min.  

Yellow solid; m.p. = 96.2-97.8 ºC; [α]D
25 = -2.8 (c = 0.99, 

CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.48 (d, J = 8.3 Hz, 2H), 7.44-7.34 (m, 3H), 7.34-

7.27 (m, 3H), 7.25-7.20 (m, 2H), 7.16-7.08 (m, 4H), 6.99 (d, J = 8.0 Hz, 2H), 6.96-6.90 

(m, 2H), 6.50 (s, 1H), 5.05 (s, 1H), 2.38 (s, 3H), 2.23 (s, 3H); 13C NMR (75 MHz, CDCl3) 

δ 166.5 (C), 164.3 (C), 155.7 (C), 153.3 (C), 151.2 (C), 143.7 (C), 136.4 (C), 136.2 (C), 

130.6 (CH), 129.5 (CH), 128.5 (CH), 128.3 (CH), 128.2 (CH), 127.3 (CH), 127.2 (CH), 

126.8 (C), 125.9 (C), 124.8 (CH), 123.2 (CH), 119.8 (CH), 115.1 (C), 111.5 (CH), 107.6 

(C), 37.4 (CH), 22.9 (CH3), 21.4 (CH3); HRMS (ESI) m/z: 579.1574 [M+H]+, 

C33H27N2O6S+ requires 579.1584. 
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(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)benzofuran-3-

yl)benzenesulfonamide (3ba) 

47 mg (84%) were obtained from 1b (36 mg) and 2a (16 mg). 

The enantiomeric excess (82%) was determined by HPLC 

(Phenomenex® Lux i-Amylose-1), hexane:iPrOH 80:20, 1.0 

mL min-1, major enantiomer: tr = 34.7 min, minor enantiomer: 

tr = 41.8 min. 

Yellow oil; [α]D25 = -1.6 (c = 0.94, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.69-7.60 (m, 

2H), 7.45-7.31 (m, 7H), 7.24-7.17 (m, 5H), 7.08-7.05 (m, 2H), 7.02 (d, J =1.8 Hz, 1H), 

7.01 (d, J = 4.0 Hz, 1H), 6.63 (s, 1H), 5.11 (s, 1H), 2.37 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 166.3 (C), 164.3 (C), 155.7 (C), 153.2 (C), 151.6 (C), 139.6 (C), 126.5 (C), 

132.8 (CH), 130.6 (CH), 128.9 (CH), 128.53 (CH), 128.46 (CH), 128.3 (CH), 128.2 (CH), 

127.4 (CH), 127.1 (CH), 126.9 (C), 125.8 (C), 124.7 (CH), 123.2 (CH), 119.4 (CH), 114.8 

(C), 111.6 (CH), 107.6 (C), 37.6 (CH3), 22.9 (CH3); HRMS (ESI) m/z: 565.1415 [M+H]+, 

C32H25N2O6S+ requires 565.1428. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)benzofuran-3-

yl)-2-methoxybenzenesulfonamide (3ca) 

46.4 mg (82%) were obtained from 1c (39 mg) and 2a (16 

mg). The enantiomeric excess (76%) was determined by 

HPLC (Phenomenex® Lux i-Amylose-1), hexane:iPrOH 

80:20, 1.0 mL min-1, major enantiomer: tr = 22.5 min, minor 

enantiomer: tr = 27.0 min. 

Yellow oil; [α]D
25 = +4.0 (c = 0.93, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.62 (dd, J = 

7.8, 1.7 Hz, 1H), 7.44-7.31 (m, 6H), 7.24-7.06 (m, 7H), 6.98 (s, 1H), 6.95 (d, J = 1.9 Hz, 

1H), 6.93 (d, J = 3.9 Hz, 1H), 6.89-6.75 (m, 2H), 5.37 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H); 
13C NMR (75 MHz, CDCl3) δ 166.4 (C), 164.4 (C), 156.1 (C), 155.7 (C), 153.1 (C), 150.8 

(C), 136.8 (C), 134.7 (CH), 130.5 (CH), 129.9 (CH), 128.6 (CH), 128.30 (CH), 128.26 

(CH), 128.2 (CH), 127.9 (CH), 127.1 (CH), 127.0 (C), 126.0 (C), 124.6 (CH), 123.1 (CH), 

120.5 (CH), 119.3 (CH), 115.3 (C), 112.0 (CH), 111.5 (CH), 107.7 (C), 56.3 (CH3O), 

37.3 (CH), 22.9 (CH3), 22.9 (CH3); HRMS (ESI) m/z: 595.1512 [M+H]+, C33H27N2O7S+ 

requires 595.1533. 
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(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)benzofuran-3-

yl)-4-nitrobenzenesulfonamide (3da) 

47 mg (77%) were obtained from 1d (41 mg) and 2a (16 

mg). The enantiomeric excess (74%) was determined by 

HPLC (Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL 

min-1, major enantiomer: tr = 51.2 min, minor 

enantiomer: tr = 54.7 min. 

Yellow oil; [α]D
25 = +19.3 (c = 0.93, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.91 (d, J = 

9.0 Hz, 2H), 7.75 (d, J = 9.0 Hz, 2H), 7.43-7.34 (m, 3H), 7.34-7.27 (m, 3H), 7.25-7.15 

(m, 2H), 7.11-6.97 (m, 2H), 6.82 (d, J = 6.8 Hz, 2H), 4.99 (s, 1H), 2.35 (s, 3H); 13C NMR 

(75 MHz, CDCl3) δ 166.9 (C), 164.2 (C), 155.9 (C), 153.5 (C), 151.1 (C), 149.8 (C), 

144.8 (C), 135.6 (C), 130.6 (CH), 128.4 (CH), 128.3 (CH), 128.2 (CH), 127.8 (CH), 127.5 

(CH), 126.6 (C), 125.6 (C), 125.3 (CH), 124.0 (CH), 123.7 (CH), 119.8 (CH), 114.5 (C), 

111.7 (CH), 107.3 (C), 37.0 (CH), 22.9 (CH3); HRMS (ESI) m/z: 648.0816 [M+K]+, 

C32H23KN3O8S+ requires 648.0837. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)benzofuran-3-

yl)methanesulfonamide (3ea) 

31 mg (63%) were obtained from 1e (30 mg) and 2a (16 mg). 

The enantiomeric excess (78%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.5 mL min-1, major 

enantiomer: tr = 41.2 min, minor enantiomer: tr = 29.1 min. 

Yellow oil; [α]D
25 = -59.3 (c = 0.63, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.69-7.64 

(m, 1H), 7.50-7.34 (m, 6H), 7.32-7.26 (m, 5H), 7.25-7.22 (m, 2H), 6.77 (s, 1H), 5.42 (s, 

1H), 2.64 (s, 3H), 2.39 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.7 (C), 164.3 (C), 156.3 

(C), 153.0 (C), 151.1 (C), 137.1 (C), 130.8 (CH), 128.9 (CH), 128.6 (CH), 128.4 (CH), 

128.3 (CH), 127.7 (CH), 126.7 (C), 126.0 (C), 125.0 (CH), 123.5 (CH), 119.7 (CH), 114.9 

(C), 111.6 (CH), 107.1 (C),  40.2 (CH3), 38.2 (CH), 22.9 (CH3); HRMS (ESI) m/z: 

503.1264 [M+H]+, C27H23N2O6S+ requires 503.1271. 
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(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(p-tolyl)methyl)benzofuran-3-

yl)-4-methylbenzenesulfonamide (3fa) 

49 mg (83%) were obtained from 1f (39 mg) and 2a (16 mg). The 

enantiomeric excess (84%) was determined by HPLC (Chiralpak 

AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major enantiomer: tr 

= 63.7 min, minor enantiomer: tr = 52.0 min. 

Yellow oil; [α]D
25 = +1.7 (c = 0.98, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.49 (d, J = 8.3 Hz, 2H), 7.44-7.41 (m, 1H), 7.39-7.38 (m, 1H), 7.37-7.34 (m, 

1H), 7.33-7.29 (m, 3H), 7.25-7.18 (m, 2H), 7.13-7.08 (m, 1H), 7.01 (d, J = 8.0 Hz, 2H), 

8.97 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 8.1 Hz, 2H), 6.54 (s, 1H), 5.02 (s, 1H), 2.37 (s, 3H), 

2.29 (s, 3H), 2.25 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.3 (C), 164.3 (C), 155.5 (C), 

153.2 (C), 151.4 (C), 143.7 (C), 136.5 (C), 133.4 (C), 130.5 (C), 129.4 (CH), 129.1 (CH), 

128.5 (CH), 128.3 (CH), 128.0 (CH), 127.2 (CH), 126.9 (C), 125.9 (C), 124.7 (CH), 123.1 

(CH), 119.7 (CH), 114.9 (C), 111.5 (CH), 107.8 (C), 37.2 (CH), 22.9 (CH3), 21.4 (CH3), 

21.0 (CH3); HRMS (ESI) m/z: 593.1736 [M+H]+, C34H29N2O4S+ requires 593.1741. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(4-

methoxyphenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ga) 

51 mg (84%) were obtained from 1g (40.5 mg) and 2a (16 mg). 

The enantiomeric excess (66%) was determined by HPLC 

(Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 96.4 min, minor enantiomer: tr = 76.7 min. 

Yellow oil; [α]D
25 = +7.4 (c = 0.43, CHCl3); 1H NMR (300 MHz, 

CDCl3) 7.43 (d, J = 8.3 Hz, 2H), 7.40-7.29 (m, 4H), 7.26-7.20 (m, 2H), 7.19-7.13 (m, 

2H), 7.07-7.02 (m, 1H), 6.95 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 6.62 (d, J = 

8.8 Hz, 2H), 6.49 (s, 1H), 4.94 (s, 1H), 3.69 (s, 3H), 2.31 (s, 3H), 2.19 (s, 3H); 13C NMR 

(75 MHz, CDCl3) δ 166.6 (C), 164.4 (C), 158.8 (C), 155.6 (C), 153.3 (C), 151.6 (C), 

143.8 (C), 136.6 (C), 130.7 (CH), 129.6 (CH), 129.4 (CH), 128.7 (CH), 128.6 (C), 128.4 

(CH), 127.3 (CH), 127.1 (C), 126.1 (C), 124.8 (CH), 123.3 (CH), 119.9 (CH), 115.0 (C), 

113.9 (CH), 111.6 (CH), 108.0 (C), 55.4 (CH3), 36.9 (CH), 23.0 (CH3), 21.6 (CH3); 

HRMS (ESI) m/z: 609.1687 [M+H]+, C34H29N2O7S+ requires 609.1690. 

 

O

TsHN

N
O

O

Ph

OMe

O
Me

O

TsHN

N
O

O

Ph

Me

O
Me



S7 
 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(4-

chlorophenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ha) 

49 mg (78%) were obtained from 1h (41 mg) and 2a (16 mg). The 

enantiomeric excess (88%) was determined by HPLC (Chiralpak 

IC), hexane:iPrOH 80:20, 1.0 mL min-1, major enantiomer: tr = 

38.7 min, minor enantiomer: tr = 31.5 min. 

Yellow oil; [α]D
25 = +19.8 (c = 0.40, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.54-7.45 (m, 3H), 7.45-7.24 (m, 6H), 7.23-7.21 (m, 2H), 7.08 (d, J = 8.6 Hz, 

2H), 7.00 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.54 (s, 1H), 5.08 (s, 1H), 2.39 (s, 

3H), 2.25 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.4 (C), 164.3 (C), 155.8 (C), 153.3 

(C), 150.9 (C), 143.9 (C), 136.4 (C), 134.8 (C), 133.1 (C), 130.7 (CH), 129.5 (CH), 128.5 

(CH), 128.4 (CH), 127.2 (C), 126.7 (C), 125.8 (C), 125.0 (CH), 123.4 (CH), 119.7 (CH), 

115.2 (C), 111.6 (CH), 107.2 (C), 36.7 (CH), 22.9 (CH3), 21.4 (CH3); HRMS (ESI) m/z: 

613.1189 [M+H]+, C33H26ClN2O6S+ requires 613.1195. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(4-

bromophenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ia) 

55 mg (84%) were obtained from 1i (45 mg) and 2a (16 mg). The 

enantiomeric excess (86%) was determined by HPLC (Chiralpak 

AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major enantiomer: tr 

= 71.2 min, minor enantiomer: tr = 66.6 min. 

Yellow oil; [α]D
25 = -5.8 (c = 0.31, CHCl3); 1H NMR (300 MHz, 

DMSO-d6) δ 9.87 (s, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.34-7.26 (m, 4H), 7.21 (d, J = 8.2 

Hz, 2H), 7.17-7.11 (m, 2H), 7.08-7.01 (m, 2H), 6.97 (d, J = 8.5 Hz, 2H), 5.21 (s, 1H), 

2.30 (s, 3H), 2.25 (s, 3H); 13C NMR (75 MHz, DMSO-d6) δ 164.9 (C), 163.9 (C), 155.5 

(C), 152.4 (C), 150.6 (C), 143.3 (C), 137.1 (C), 131.2 (CH), 130.3 (CH), 129.9 (CH), 

129.5 (CH), 128.4 (CH), 127.9 (CH), 126.9 (C), 126.8 (CH), 125.2 (C), 124.4 (CH), 122.7 

(CH),120.3 (C), 119.3 (CH), 114.8 (C), 111.3 (CH), 106.2 (C), 35.7 (CH), 22.9 (CH3), 

20.9 (CH3); HRMS (ESI) m/z: 657.0683 [M+H]+, C33H26N2O6S+ requires 657.0689. 
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(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(4-

(trifluoromethyl)phenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ja) 

56.5 mg (88%) were obtained from 1i (44 mg) and 2a (16 mg). 

The enantiomeric excess (90%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 22.0 min, minor enantiomer: tr = 19.1 min. 

Yellow oil; [α]D
25 = +15.2 (c = 0.94, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.54-7.47 (m, 2H), 7.47-7.39 (m, 1H), 7.31-7.26 (m, 2H), 7.25-7.10 (m, 2H), 

7.06 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 8.0 Hz, 2H), 6.65 (s, 1H), 5.19 (s, 1H), 2.38 (s, 3H), 

2.20 (s, 3H); 19F NMR (282 MHz, CDCl3) δ -63.01 (CF3); 13C NMR (75 MHz, CDCl3) δ 

166.5 (C), 164.4 (C), 156.1 (C), 153.6 (C), 150.7 (C), 144.0 (C), 140.4 (C), 136.5 (C),  

130.9 (CH), 129.7 (CH), 129.6 (q, J = 32.6 Hz, C), 128.7 (CH), 128.6 (CH), 128.5 (CH), 

127.3 (CH), 126.8 (C), 125.9 (C), 125.3 (CH), 125.2 (q, J = 5.3 Hz, CH), 123.7 (q, J = 

219 Hz, CF3), 123.6 (CH), 119.9 (CH), 115.7 (C), 111.7 (CH), 107.1 (C), 37.1 (CH), 23.0 

(CH3), 21.5 (CH3); HRMS (ESI) m/z: 647.1451 [M+H]+, C34H26F3N2O6S+ requires 

647.1458. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(m-tolyl)methyl)benzofuran-3-

yl)-4-methylbenzenesulfonamide (3ka) 

55 mg (93%) were obtained from 1i (39 mg) and 2a (16 mg). The 

enantiomeric excess (88%) was determined using chiral HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 46.3 min, minor enantiomer: tr = 41.1 min. 

Yellow oil; [α]D
25 = +2.2 (c = 0.32, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.49 (d, J = 8.3 Hz, 2H), 7.45-7.41 (m, 1H), 7.32-727 (m, 3H), 7.25-7.21 (m, 

2H), 7.13 (td, J = 7.4, 1.0 Hz, 1H), 7.06-7.96 (m, 4H), 6.74-6.70 (m, 2H), 6.54 (s, 1H), 

5.00 (s, 1H), 2.38 (s, 3H), 2.23 (s, 3H), 2.21 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.4 

(C), 164.3 (C), 155.6 (C), 153.3 (C), 151.1 (C), 143.7 (C), 137.9 (C), 136.4 (C), 136.0 

(C), 130.6 (CH), 129.4 (CH), 128.8 (CH), 128.5 (CH), 128.2 (CH), 128.0 (CH), 127.2 

(CH), 126.9 (C), 126.0 (C), 125.2 (CH), 124.7 (CH), 123.2 (CH), 119.8 (CH), 115.1 (C), 

111.5 (CH), 107.7 (C), 37.3 (CH), 22.9 (CH3), 21.39 (CH3), 21.35 (CH3); HRMS (ESI) 

m/z: 593.1732 [M+H]+, C34H29N2O6S+ requires 593.1741 
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(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(3-

methoxyphenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3la) 

53 mg (88%) were obtained from 1l (40.5 mg) and 2a (16 mg). 

The enantiomeric excess (86%) was determined by HPLC 

(Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 53.9 min, minor enantiomer: tr = 49.5 min. 

Yellow oil; [α]D
25 = +7.8 (c = 1.00, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.48 (d, J = 8.3 Hz, 2H), 7.45-7.42 (m, 1H), 7.42-7.27 (m, 5H), 7.26-7.20 (m, 

2H), 7.06 (J = 7.9 Hz, 1H), 7.00 (J = 8.0 Hz, 2H), 6.71 (dd, J = 8.1 Hz, 2.1, 2H), 6.57-

6.51 (m, 2H), 6.51-6.48 (m, 1H), 5.01 (s, 1H), 3.70 (s, 3H), 2.38 (s, 3H), 2.24 (s, 3H); 13C 

NMR (75 MHz, CDCl3) δ 166.4 (C), 164.3 (C), 159.4 (C), 155.7 (C), 153.2 (C), 150.9 

(C), 143.7 (C), 137.7 (C), 136.4 (C), 130.6 (CH), 129.3 (CH), 128.5 (CH), 128.2 (CH), 

127.1 (CH), 126.8 (C), 125.9 (C), 124.8 (CH), 123.2 (CH), 120.5 (CH), 119.8 (CH), 115.1 

(C), 114.3 (CH), 112.5 (CH), 111.5 (CH), 107.5 (C), 55.1 (CH3O), 37.4 (CH), 22.9 (CH3), 

21.4 (CH3). HRMS (ESI) m/z: 609.1674 [M+H]+, C34H29N2O7S+ requires 609.1690. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(3-

bromophenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ma) 

49.5 mg (75%) were obtained from 1m (45 mg) and 2a (16 mg).  

The enantiomeric excess (88%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 41.8 min, minor enantiomer: tr = 34.7 min. 

Yellow oil; [α]D
25 = +16.6 (c = 0.99, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.49 (d, J = 8.3 Hz, 2H), 7.45-7.32 (m, 4H), 7.31-7.26 (m, 4H), 7.24 (d, J = 1.4 

Hz, 1H), 7.16 (td, J = 7.4, 1.0 Hz, 1H), 7.01-6.93 (m, 4H), 6.90-6.86 (m, 1H), 5.02 (s, 

1H), 2.38 (s, 3H), 2.21 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.4 (C), 164.3 (C), 155.8 

(C), 153.4 (C), 150.3 (C), 143.8 (C), 138.1 (C), 136.2 (C), 131.2 (CH), 130.7 (CH), 130.3 

(CH), 129.7 (CH), 129.5 (CH), 128.4 (CH), 128.3 (CH), 127.1 (CH), 126.7 (CH), 126.6 

(C), 125.8 (C), 125.1 (CH), 123.4 (CH), 122.3 (C), 119.9 (CH), 115.5 (C), 111.6 (CH), 

107.0 (C), 36.7 (CH), 22.9 (CH3), 21.4 (CH3); HRMS (ESI) m/z: 657.0665 [M+H]+, 

C33H26BrN2O6S+ requires 657.0689. 

 

O

TsHN

N
O

O

Ph

Br

O
Me

O

TsHN

N
O

O

Ph

OMe

O
Me



S10 
 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(o-tolyl)methyl)benzofuran-3-

yl)-4-methylbenzenesulfonamide (3na) 

55.4 mg (94%) were obtained from 1n (39 mg) and 2a (16 mg). 

The enantiomeric excess (83%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 50.4 min, minor enantiomer: tr = 34.3 min. 

Yellow oil; [α]D
25 = +56.2 (c = 0.42, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.50 (d, J = 8.3 Hz, 2H), 7.40.7.36 (m, 1H), 7.35-7.34 (m, 1H), 7.31-7.27 (m, 

2H), 7.25-7.19 (m, 4H), 7.15-7.03 (m, 3H), 6.99-6.93 (m, 4H), 6.62 (s, 1H), 5.18 (s, 1H), 

2.38 (s, 3H), 2.22 (s, 3H), 1.83 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.6 (C), 164.4 

(C), 155.7 (C), 153.3 (C), 151.3 (C), 143.6 (C), 136.5 (C), 135.4 (C), 134.5 (C), 130.4 

(CH), 130.3 (CH), 129.5 (CH), 128.7 (CH), 128.3 (CH), 128.0 (CH), 127.4 (CH), 127.0 

(CH), 126.7 (C), 125.99 (C), 125.93 (CH), 124.7 (CH), 123.2 (CH), 119.8 (CH), 115.1 

(C), 111.4 (CH), 106.9 (C), 34.7 (CH), 22.9 (CH3), 21.4 (CH3), 19.2 (CH3); HRMS (ESI) 

m/z: 593.1732 [M+H]+, C34H29N2O6S+ requires 593.1741. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(2-

methoxyphenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3oa) 

46.5 mg (76%) were obtained from 1o (40.5 mg) and 2a (16 mg). 

The enantiomeric excess (76%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 63.5 min, minor enantiomer: tr = 48.5 min. 

Yellow oil; [α]D
25 = +71.3 (c = 0.93, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.49 (d, J = 8.3 Hz, 2H), 7.45-7.44 (m, 1H), 7.42-7.37 (m, 2H), 7.33-7.27 (m, 

3H), 7.25-7.17 (m, 3H), 7.09 (td, J = 7.8, 1.7 Hz, 1H), 6.97 (dd, J = 7.5 Hz, 1.5 Hz, 1H), 

6.90 (d, J = 8.0 Hz, 2H), 6.72-6.64 (m, 3H), 6.59 (dd, J = 8.3 , 1.1 Hz, 1H), 5.22 (s, 1H), 

3.57 (s, 3H), 2.37 (s, 3H), 2.16 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.9 (C), 164.4 

(C), 155.9 (C), 155.4 (C), 153.5 (C), 150.9 (C), 143.3 (C), 136.3 (C), 130.3 (CH), 129.3 

(CH), 129.2 (CH), 128.52 (CH), 128.45 (CH), 127.8 (CH), 126.97 (CH), 126.93 (C), 

126.2 (C), 124.8 (CH), 123.8 (C), 123.3 (CH), 120.35 (CH), 120.18 (CH), 115.4 (C), 

111.3 (CH), 109.7 (CH), 106.8 (C), 55.0 (CH3O), 31.7 (CH), 23.0 (CH3), 21.5 (CH3); 

HRMS (ESI) m/z: 609.1680 [M+H]+, C34H29N2O7S+ requires 609.1690. 
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(S)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(2-

chlorophenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3pa) 

47 mg (77%) were obtained from 1p (41 mg) and 2a (16 mg). The 

enantiomeric excess (80%) was determined by HPLC (Chiralcel 

OD-H), hexane:iPrOH 90:10, 1.0 mL min-1, major enantiomer: tr 

= 38.9 min, minor enantiomer: tr = 33.1 min. 

Yellow oil; [α]D
25 = +129.6 (c = 0.95, CHCl3); 1H NMR (300 

MHz, CDCl3) δ 7.55 (ddd, J = 7.6, 1.6, 0.7 Hz, 1H), 7.47 (d, J = 8.3 Hz, 2H), 7.45-7.41 

(m, 1H), 7.37-7.29 (m, 2H), 7.27 (m, 1H), 7.24-7.22 (m, 2H), 7.21-7.17 (m, 2H), 7.13-

6.97 (m, 3H), 6.92 (dd, J = 7.4, 1.7 Hz, 1H), 6.85 (d, J = 8.0 Hz, 2H), 6.75 (s, 1H), 5.14 

(s, 1H), 2.36 (s, 3H), 2.11 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.6 (C), 164.3 (C), 

155.4 (C), 153.7 (C), 149.9 (C), 143.4 (C), 135.9 (C), 133.3 (C), 130.3 (CJ), 130.1 (CH), 

129.5 (CH), 129.2 (CH), 128.5 (CH), 128.2 (CH), 127.9 (CH), 126.8 (CH), 126.6 (C), 

126.4 (CH), 126.2 (C), 125.2 (CH), 123.6 (CH), 120.6 (CH), 116.0 (C), 111.4 (CH), 106.1 

(C), 34.7 (CH), 22.9 (CH3), 21.4 (CH3); HRMS (ESI) m/z: 613.1181 [M+H]+, 

C33H26ClN3O4S+ requires 613.1195. 

(S)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(furan-2-

yl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3qa) 

51 mg (89%) were obtained from 1q (36.5 mg) and 2a (16 mg). 

The enantiomeric excess (50%) was determined by HPLC 

(Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 63.9 min, minor enantiomer: tr = 39.4 min. 

Yellow oil; [α]D
25 = 3.5 (c = 0.85, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.55-7.47 (m, 

3H), 7.45-7.38 (m, 2H), 7.38-7.26 (m, 5H), 7.22 (td, J = 7.5, 1.1 Hz, 1H),  7.06-7.03 (m, 

1H), 7.00 (d, J = 7.8 Hz, 2H), 6.95 (s, 1H), 4.80 (s, 1H), 2.35 (s, 3H), 2.24 (s, 3H); 13C 

NMR (75 MHz, CDCl3) δ 166.6 (C), 164.3 (C), 155.6 (C), 153.5 (C), 148.1 (C), 147.2 

(C), 143.6 (C), 141.6 (CH), 136.0 (C), 130.5 (CH), 129.5 (CH), 128.4 (CH), 127.9 (CH), 

127.0 (CH), 126.2 (C), 125.9 (C), 125.1 (CH), 123.5 (CH), 120.4 (CH), 115.7 (C), 111.3 

(CH), 110.3 (CH), 109. 1 (CH), 105.9 (CH), 31.4 (CH), 22.9 (CH3), 21.4 (CH3); HRMS 

(ESI) m/z: 569.1369 [M+H]+, C31H25N2O7S+ requires 569.1377. 

 

O

TsHN

N
O

O

Ph

Cl

O
Me

O

TsHN

O
NPh

O
O

Me
O



S12 
 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)-6-

methoxybenzofuran-3-yl)-4-methylbenzenesulfonamide (3ra) 

51 mg (84%) were obtained from 1r (40.5 mg) and 2a (16 mg). 

The enantiomeric excess (72%) was determined by HPLC 

(Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 54.8 min, minor enantiomer: tr = 47.9 min. 

Yellow oil; [α]D
25 = -16.5 (c = 0.85, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.48 (d, J = 

8.3 Hz, 2H), 7.44-7.35 (m, 2H), 7.34-7.27 (m, 2H), 7.18-7.11 (m, 3H), 7.08 (d, J = 8.6 

Hz, 2H), 7.02-6.96 (m, 2H), 6.97-6.90 (m, 2H), 6.87 (d, J = 2.1 Hz, 1H), 6.75 (d, J = 8.6, 

2.2 Hz, 1H), 6.54 (s, 1H), 5.01 (s, 1H), 3.80 (s, 3H), 2.37 (s, 3H), 2.23 (s, 3H); 13C NMR 

(75 MHz, CDCl3) δ 166.4 (C), 164.3 (C), 158.3 (C), 155.6 (C), 154.3 (C), 149.8 (C), 

143.7 (C), 136.5 (C), 136.4 (C), 130.6 (CH), 129.5 (CH), 128.3 (CH), 128.3 (CH), 128.1 

(CH), 127.2 (CH), 126.9 (C), 120.0 (CH), 119.1 (C), 115.0 (C), 112.4 (CH), 107.8 (C), 

95.9 (CH), 55.7 (CH3O), 37.3 (CH), 22.9 (CH3), 21.4 (CH3); HRMS (ESI) m/z: 609.1676 

[M+H]+, C34H29N2O7S+ requires 609.1690. 

(R)-N-(2-((2-acetyl-5-oxo-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)-5-

bromobenzofuran-3-yl)-4-methylbenzenesulfonamide (3sa) 

58 mg (88%) were obtained from 1s (45 mg) and 2a (16 

mg). The enantiomeric excess (80%) was determined by 

HPLC (Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL 

min-1, major enantiomer: tr = 66.1 min, minor enantiomer: 

tr = 44.2 min. 

Yellow oil; [α]D
25 = -32.1 (c = 1.0, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.80 (d, J = 

8.3 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.46-7.29 (m, 6H), 7.25-6.99 (m, 9H), 6.85 (d, J = 

1.9 Hz, 1H), 6.64 (s, 1H), 5.15 (s, 1H), 2.38 (s, 3H), 2.33 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 166.3 (C), 164.3 (C), 155.8 (C), 153.5 (C), 151.8 (C), 144.3 (C), 143.5 (C), 

139.1 (C), 136.5 (C), 136.4 (C), 130.7 (CH), 129.7 (CH), 129.6 (CH), 128.5 (CH), 128.3 

(CH), 128.3 (CH), 127.6 (C), 127.53 (CH), 127.47 (CH), 127.3 (CH), 126.8 (C), 126.4 

(CH), 122.1 (CH), 116.3 (C), 114.2 (C), 113.0 (CH), 107.3 (C), 37.7 (CH), 22.9 (CH3), 

21.5 (CH3); HRMS (ESI) m/z: 657.0677 [M+H]+, C33H26BrN2O6S+ requires 657.0689. 
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(R)-N-(2-((2-acetyl-3-(4-methoxyphenyl)-5-oxo-2,5-dihydroisoxazol-4-

yl)(phenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ab) 

38 mg (63%) were obtained from 1a (37.5 mg) and 2b (19 mg). 

The enantiomeric excess (84%) was determined by HPLC 

(Chiralpak AD-H), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 60.6 min, minor enantiomer: tr = 54.6 min. 

Yellow oil; [α]D
25 = +8.2 (c = 0.77, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.51 (d, J = 8.3 Hz, 2H), 7.37-7.31 (m, 1H), 7.28-7.27 (m, 1H), 7.25-7.20 (m, 

3H), 7.19-7.08 (m, 4H), 7.03-6.98 (m, 2H), 6.97-6.93 (m, 2H), 6.87 (d, J = 8.8 Hz, 2H), 

6.64 (s, 1H), 5.09 (s, 1H), 3.82 (s, 3H), 2.38 (s, 3H), 2.23 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 166.7 (C), 164.6 (C), 161.4 (C), 155.9 (C), 153.3 (C), 151.2 (C), 143.7 (C), 

136.5 (C), 136.3 (C), 130.4 (CH), 129.5 (CH), 128.3 (CH), 128.1 (CH), 127.2 (CH), 127.1 

(CH), 125.9 (C), 124.7 (CH), 123.2 (CH), 119.9 (CH), 118.6 (C), 115.2 (C), 113.7 (CH), 

111.5 (CH), 106.9 (C), 55.3 (CH3O), 37.5 (CH), 23.1 (CH3), 21.4 (CH3); HRMS (ESI) 

m/z: 609.1684 [M+H]+, C34H29N2O7S+ requires 609.1690. 

(R)-N-(2-((2-acetyl-3-(4-chlorophenyl)-5-oxo-2,5-dihydroisoxazol-4-

yl)(phenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ac) 

55 mg (90%) were obtained from 1a (37.5 mg) and 2c (20 mg). 

The enantiomeric excess (82%) was determined by HPLC 

(Chirlpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 31.1 min, minor enantiomer: tr = 23.0 min. 

Yellow oil; [α]D
25 = +18.3 (c = 0.92, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.53 (d, J = 8.3 Hz, 2H), 7.35-7.26 (m, 2H), 7.25-7.19 (m, 3H), 7.18-7.08 (m, 

5H), 7.02 (d, J = 8.0 Hz, 2H), 6.98-6.94 (m, 2H), 6.77 (s, 1H), 5.12 (s, 1H), 2.38 (s, 3H), 

2.25 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.4 (C), 164.6 (C), 154.5 (C), 153.2 (C), 

151.0 (C), 143.8 (C), 136.8 (C), 136.5 (C), 136.3 (C), 129.9 (CH), 129.5 (CH), 128.4 

(CH), 128.2 (CH), 127.3 (CH), 127.2 (CH), 125.8 (C), 125.2 (C), 124.8 (CH), 123.22 

(CH), 119.6 (CH), 115.2 (C), 111.4 (CH), 108.1 (C), 37.5 (CH), 22.9 (CH3), 21.4 (CH3); 

HRMS (ESI) m/z: 613.1191 [M+H]+, C33H26ClN2O6S+ requires 613.1195. 
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(R)-N-(2-((2-acetyl-3-(4-bromophenyl)-5-oxo-2,5-dihydroisoxazol-4-

yl)(phenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonamide (3ad) 

47 mg (71%) were obtained from 1a (37.5 mg) and 2d (24 mg).  

The enantiomeric excess (83%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 48.4 min, minor enantiomer: tr = 28.8 min. 

Yellow oil; [α]D
25 = +15.6 (c = 0.94, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.62 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 7.35-

7.30 (m, 1H), 7.30-7.15 (m, 6H), 7.11 (d, J = 8.0 Hz, 2H), 7.06-7.03 (m, 2H), 6.78 (s, 

1H), 5.19 (s, 1H), 2.46 (s, 3H), 2.34 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 166.6 (C), 

164.7 (C), 154.7 (C), 153.3 (C), 151.2 (C), 144.0 (C), 136.4 (C), 131.6 (CH), 130.3 (CH), 

129.7 (CH), 128.6 (CH), 128.4 (CH), 127.5 (CH), 127.3 (CH), 125.9 (C), 125.3 (C), 125.0 

(CH), 123.4 (CH), 119.7 (CH), 115.3 (C), 111.6 (CH), 108.8 (C), 37.6 (CH), 23.0 (CH3), 

21.6 (CH3); HRMS (ESI) m/z: 657.0681 [M+H]+, C33H26BrN2O6S+ requires 657.0689. 

(R)-N-(2-((2-acetyl-3-methyl-5-oxo-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)benzofuran-3-

yl)-4-methylbenzenesulfonamide (3ae) 

45 mg (87%) were obtained from 1a (37.5 mg) and 2e (10 mg). 

The enantiomeric excess (66%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 80.6 min, minor enantiomer: tr = 44.7 min. 

Yellow oil; [α]D
25 = -18.5 (c = 0.90, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.58 (2H, d, 

J = 8.3 Hz, Ar), 7.47-7.44 (1H, m, Ar), 7.39-7.35 (1H, m, Ar), 7.30-7.27 (1H, m, Ar), 

7.26-7.16 (4H, m, Ar), 7.02-6.97 (2H, m, Ar), 6.95 (2H, d, J =8.0 Hz, Ar), 6.89-6.88 (1H, 

m, Ar), 5.12 (1H, s, CH), 2.38 (3H, s, CH3), 2.32 (3H, s, CH3), 2.16 (3H, s, CH3); 13C 

NMR (75 MHz, CDCl3) δ 167.0 (C), 165.1 (C), 155.3 (C), 153.5 (C), 151.3 (C), 143.7 

(C), 136.3 (C), 136.0 (C), 129.5 (CH), 128.5 (CH), 127.7 (CH), 127.24 (CH), 127.16 

(CH), 126.0 (C), 125.0 (CH), 123.5 (CH), 120.1 (CH), 115.6 (C), 111.4 (CH), 106.3 (C), 

35.6 (CH), 22.8 (CH3), 21.4 (CH3), 14.2 (CH3); HRMS (ESI) m/z: 517.1410 [M+H]+, 

C28H25N2O6S+ requires 517.1428. 
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General procedure for the synthesis and characterization of the products 4 

N+

1

O
O

Ph

2a 4a

1) VI (15 mol %)
PhCOOH (7.5 mol%)

ClCH2CH2Cl, rt

O

NR1

R2 O

NHR1

R2

O

Ph

2) Fe, NH4Cl
MeOH:H2O

N

H
N

O
O

HN

CF3

CF3

N

  VI

 

In a test tube, aurone-derived azadiene 1 (0.1 mmol), isoxazol-5(4H)-one 2a (16 

mg, 0.1 mmol), catalyst VI (9 mg, 0.015 mmol), and benzoic acid (1 mg, 0.0075 mmol) 

are introduced and purged with nitrogen. The mixture is then dissolved in dry 1,2-

dichloroethane (2 mL) and stirred at room temperature for 24 hours. Once the starting 

substrates are consumed, the reaction mixture was concentrated under reduced pressure. 

Then, iron (56 mg, 1 mmol) and NH4Cl (54 mg, 1 mmol) were added. The mixture was 

dissolved in 1 mL H2O:MeOH (1:1) and allowed to react at 60 ºC for 24 hours. 

After this time, the reaction mixture was filtered through celite, washed with 

MeOH and dichloromethane. The filtrate was concentrated under reduced pressure and 

purified by column chromatography using Hexane:EtOAc eluent mixtures. 

(S)-N-(2-(3-Oxo-1,3-diphenylpropyl)benzofuran-3-yl)benzenesulfonamide (4aa) 

36 mg (72%) were obtained from 1a (37.5 mg) and 2a (16 mg). 

The enantiomeric excess (88%) was determined by HPLC 

(Chiralpak IC) hexane:iPrOH 80:20, 1.5 mL min-1, major 

enantiomer: tr = 27.1 min, minor enantiomer: tr = 16.8 min. 

Yellow oil; [α]D
25 = -49.4 (c = 0.98, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.90-7.93 

(m, 2H), 7.66-7.72 (m, 3H), 7.45-7.55 (m, 1H), 7.40-7.43 (m, 3H), 7.29-7.30 (m, 1H), 

7.14-7.26 (m, 7H), 6.94-6.97 (m, 2H), 4.43 (dd, J = 3.8, 10.1 Hz, 1H), 3.86 (dd, J = 10.1, 

18.4 Hz, 1H), 3.47 (dd, J = 3.8 , 18.4 Hz, 1H), 2.33 (s, 3H); 13C NMR (75 MHz, CDCl3) 

δ 198.2 (C), 153.6 (C),153.1 (C), 143.8 (C), 139.4 (C), 136.6 (C), 136.1 (C), 133.9 (CH), 

129.9 (CH), 128.8 (CH), 128.5 (CH), 128.3 (CH), 128.1 (CH), 127.7 (CH), 127.2 (CH), 

126.3 (C), 124.5 (CH), 123.3 (CH), 120.8 (CH), 114.2 (C), 111.2 (CH), 43.5 (CH2), 36.6 

(CH), 21.6 (CH3); HRMS (ESI) m/z: 482.1415 [M+H]+, C29H24NO4S+ requires 482.1421. 
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(S)-N-(2-(3-oxo-1,3-diphenylpropyl)benzofuran-3-yl)methanesulfonamide (4ea) 

31 mg (75%) were obtained from 1e (30 mg) and 2a (16 mg). The 

enantiomeric excess (76%) was determined by HPLC (Chiralpak 

IC) hexane:iPrOH 80:20, 1.0 mL min-1, major enantiomer: tr = 

66.3 min, minor enantiomer: tr = 38.8 min. 

Yellow oil; [α]D
25 = +34.6 (c = 0.63, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.97-7.91 

(m, 2H), 7.60-7.49 (m, 3H), 7.48-7.32 (m, 5H), 7.31-7.26 (m, 1H), 7.25-7.20 (m, 2H), 

6.90 (s, 1H), 5.08 (dd, J = 10.0, 4.1 Hz, 1H), 4.13 (dd, J = 18.2, 10.0 Hz, 1H), 3.61 (dd, 

J = 18.1, 4.2 Hz, 1H), 3.07 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 197.7 (C), 154.2 (C), 

153.4 (C), 140.0 (C), 136.1 (C), 133.6 (CH), 128.9 (CH), 128.7 (CH), 128.13 (CH), 

128.05 (CH), 127.4 (CH), 126.1 (C), 124.5 (CH), 123.4 (CH), 119.9 (CH), 113.6 (C), 

111.4 (CH), 43.4 (CH2), 40.0 (CH), 37.3 (CH); HRMS (ESI) m/z: 420.1254 [M+H]+, 

C24H22NO4S+ requires 420.1264. 

(S)-N-(2-(1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)benzofuran-3-yl)benzenesulfonamide 

(4ga) 

37 mg (73%) were obtained from 1g (40.5 mg) and 2a (16 mg). 

The enantiomeric excess (70%) was determined by HPLC 

(Chiralpak IC), hexane:iPrOH 80:20, 1.0 mL min-1, major 

enantiomer: tr = 44.0 min, minor enantiomer: tr = 38.0 min. 

Yellow oil; [α]D
25 = -72.5 (c = 0.75, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.93 (d, J = 7.1 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.69-7.64 (m, 1H), 7.60-7.52 

(m, 1H), 7.52-7.40 (m, 3H), 7.36-7.29 (m, 1H), 7.26-7.14 (m, 4H), 6.91 (d, J = 8.6 Hz, 

1H), 6.77 (d, J = 8.7 Hz, 1H), 4.42 (dd, J = 9.9, 3.9 Hz, 1H), 3.81 (m, 4H), 3.46 (dd, J = 

18.4, 4.0 Hz, 1H), 2.36 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 198.1 (C), 158.5 (C), 153.4 

(C), 153.3 (C), 143.6 (C), 136.5 (C), 136.0 (C), 133.7 (CH), 131.4 (C), 129.7 (CH), 129.0 

(CH), 128.6 (CH), 128.1 (CH), 127.5 (CH), 126.1 (C), 124.3 (CH), 123.1 (CH), 120.6 

(CH), 113.70 (C), 113.65 (CH), 111.0 (CH), 55.2 (CH3), 43.5 (CH2), 35.7 (CH), 21.5 

(CH3); HRMS (ESI) m/z: 512.1513 [M+H]+, C30H26NO5
+ requires 512.1526. 
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(S)-N-(2-(1-(4-bromophenyl)-3-oxo-3-phenylpropyl)benzofuran-3-yl)benzenesulfonamide 

(4ia) 

43 mg (75%) were obtained from 1i (45 mg) and 2a (16 mg). The 

enantiomeric excess (86%) was determined by HPLC (Chiralcel 

OD-H), hexane:iPrOH 90:10, 1.0 mL min-1, major enantiomer: tr 

= 21.4 min, minor enantiomer: tr = 26.4 min. 

Yellow oil; [α]D
25 = -26.9 (c = 0.94, CHCl3); 1H NMR (300 MHz, 

CDCl3) δ 7.88-7.91 (m, 2H), 7.67-7.69 (m, 2H), 7.53-7.62 (m, 2H), 7.40-7.45 (m, 2H), 

7.29-7.36 (m, 4H), 7.18-7.22 (m, 2H), 7.12-7.16 (m, 2H), 6.85-6.87 (m, 2H), 4.43 (dd, J 

= 4.0 Hz, 10.0 Hz, 1H), 3.82 (dd, J = 10.0, 18.3 Hz, 1H), 3.43 (dd, J = 4.0, 18.3 Hz, 1H), 

2.33 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 197.9 (C), 153.6 (C), 152.6 (C), 143.9 (C), 

138.5 (C), 136.6 (C), 136.0 (C), 134.0 (CH), 131.6 (CH), 129.9 (CH), 129.8 (CH), 128.9 

(CH), 128.3 (CH), 127.7 (CH), 126.5 (C), 126.1 (C), 124.7 (CH), 123.4 (CH), 120.8 (CH), 

114.4 (C), 111.2 (CH), 43.4 (CH2), 36.1 (CH), 21.7 (CH3); HRMS (ESI) m/z: 560.0519 

[M+H]+, C29H23BrNO4S+ requires 560.0526. 

 

  

Figure S1. Ortep plot for the X-ray structure of compound 4ga. Thermal ellipsoids drawn at the 
50% probability level. Flack parameter 0.037(18). 
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Synthesis of 3aa at 1 mmol scale 
In a round-bottom flask, aurone-derived azadiene 1a (375 mg, 1 mmol), isoxazol-5(4H)-one 2 

(160 mg, 1 mmol), catalyst VI (90 mg, 0.15 mmol), and benzoic acid (10 mg, 0.075 mmol) are 

introduced and purged with nitrogen. The reaction mixture is dissolved in dry 1,2-dichloroethane 

(20 mL) and stirred at room temperature for 24 hours. After complete consumption of the starting 

substrates, acetic anhydride (200 μL, 2 mmol) is added, and the reaction is stirred at room 

temperature for 30 minutes. Subsequently, the mixture is purified by column chromatography 

using Hexane:EtOAc solvent mixture to furnish 527 mg (91%) of 3aa as a yellow solid. 

Enantiomeric excess (82%) was measured by HPLC (Chiralpak IC) hexane:iPrOH 80:20, 1.0 mL 

min-1, major enantiomer: tr = 50.3 min, minor enantiomer: tr = 40.0 min.  
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