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ABSTRACT: Chiral pyrrolidine derivatives are important building blocks for natural product synthesis. Carbonyl-olefin
metathesis has recently emerged as a powerful tool for the construction of such building blocks from chiral amino acid
derivatives. Here we demonstrate that the supramolecular resorcinarene catalyst enables access to chiral 2,5-
dihydropyrroles under Brensted acid catalysis. Moreover, this catalytic system even tolerated Lewis-basic protecting
groups like mesylates that are not compatible with alternative catalysts. As expected for conversion inside a closed cavity,

the product yield and selectivity depended on the size of the substrates.

Introduction

Pyrroles and pyrrolidines are found in many natural prod-
ucts and play an important role as a precursor in drug syn-
thesis."* However, their synthesis, especially of optically
active derivatives, remains challenging.>® Recently, car-
bonyl olefin metathesis (COM) has emerged as a useful
tool to prepare chiral 2,5-dihydropyrroles, also termed 3-
pyrrolines (Figure 1).”® The COM reaction is related to the
well-established olefin metathesis, but instead of the me-
tathesis of two olefin moieties, it involves one carbonyl
and one alkene moiety.*'° It has received increasing at-
tention since the discovery of iron(lll)chloride as an effi-
cient and rather broadly applicable catalyst by the
Schindler group in 2016.""'2 The Li group presented the
first approach to synthesize 2,5-dihydropyrroles via car-
bonyl olefin metathesis by using 20% iron(lIl)chloride and
an excess of allyl trimethyl silane.” The allyl trimethyl
silane functions as a scavenger for the formed benzalde-
hyde (Fig. 1a), which was suggested to inhibit the reaction
by catalyst binding. The first catalytic approach without a
stoichiometric additive was presented in 2018 by the
Schindler group with the introduction of an electron-poor
protecting group.® It was found that the p-toluenesulfona-
mide group acted as a competitive catalyst binding site,
preventing turn-over with substoichiometric amounts of
iron(lll)chloride. The use of the electron-deficient protect-
ing group 4-trifluoromethyl benzene sulfonyl (trifluoroto-
syl, FTs) reduced the undesired catalyst binding, enabling
the use of catalytic amounts of iron(lll)chloride (Fig. 1b).
Moreover, the Schindler group demonstrated that the use
of amino acids as starting materials enables facile access
to chiral, optically active, 3-aryl-2,5-dihydropyrroles. In
2020, the Schindler group was able to expand the sub-
strate scope and access tetrahydropyridines.” Recent
findings in the Nguyen group demonstrated that other cat-
alysts (I, NIS, ICI)'*'S are able to convert regular tosyl-
protected substrates with sub-stoichiometric amounts of
catalyst (Fig. 1c). Li and Lin reported the use of AuCI3 as
catalyst for the COM-approach to pyrrolidines (Fig. 1d)."®

Lambert and co-worker demonstrated that related N-het-
erocycles are also accessible by COM via a [3+2] cy-
cloaddition/cycloreversion mechanism.'” We here present
that the catalyst combination of the supramolecular cap-
sule | (Figure 2) and HCI is not only able to tolerate the
toluenesulfonyl protecting group, but also the more Lewis
basic sulfonamide moiety formed from the mesyl protect-
ing group (Fig. 1e). To our knowledge, this is the first re-
port about the successful use of the mesyl protected ni-
trogen for a COM reaction without the need for (su-
per)stoichiometric additives.”
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Figure 1: Synthetic routes towards 3-aryl-2,5-dihydropyrroles



In 2018, we reported that the hexameric resorcinarene
capsule (I) in the presence of HCI, is a competent catalyst
for the COM reaction.'® In apolar solvents, resorcinarene
1 forms a dynamic hexamer interconnected via a hydro-
gen bond network (Fig. 2)."%22 This supramolecular cap-
sule has been successfully applied for catalysis of reac-
tions with cationic intermediates/transition states.?®>3! In
this work, we present the synthesis of 3-aryl-2,5-dihydro-
pyrroles with three different sulfonamide protecting
groups (tosyl, mesyl, trifluorotosyl) catalyzed by I/HCI.
Mesylates are more electron-rich than tosylates and tri-
fluorotosylates and therefore not suitable for iron(lll) ca-
talysis. Moreover, the mesyl group can be removed selec-
tively in the presence of other sulfonamide groups which
makes it suitable for the synthesis of more complex target
compounds.®? Therefore, establishing the mesyl group as
an orthogonal protecting group for the COM reaction can
be considered highly desirable.
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Figure 2: Structure of the self-assembled hexameric
resorcinarene capsule | and its precursor resorcinarene 1.

Results and Discussion.

Initially, the established reaction conditions from our pre-
vious work on the COM reaction (50 °C, 5% HCI, 10 mol%
1) were explored.'® However, these conditions that were
optimized for non-nitrogen-containing substrates exclu-
sively resulted in only 30% yield of the desired COM prod-
uct 2A™ (Table 1, entry 1). Mainly deallylation to 2B™ was
observed (45%). The reduction of the HCI concentration
to 2.5% did not improve the outcome, as even more deal-
lylation was observed (entry 2). Subsequently, the reac-
tion was explored at room temperature (entries 5-9). Due
to the slow conversion at 2.5% and 5% HCI loadings (en-
tries 8-9), we explored higher concentrations (10-30%,
entries 5-7). It was found that 20% HCI produced satisfac-
tory results (85% of the desired COM product 2A™ and
only 15% of 2B™). However, the fluctuation of the room
temperature did lead to reproducibility issues. To estab-
lish reproducible reaction conditions, the reaction was
carried out at 30 °C (entry 4) which resulted in a good yield
of 80% of 2A™. Acid concentrations above 20% lead to a
decreased COM product formation, whereas the deallyla-
tion seems to be mainly dependent on the temperature.

Table 1 Optimization of HCl-concentration and Tem-
perature

10% 1
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2Ts © 24h 2ATs 2gTs
[ HCI [mol% & . o Yield®  Yield®
entry [°C] [mol%] onversion JATs P
1 5% 100% 30% 45%
50 °C
2 2.5% 95% 37% 53%
3 30%  100%  69% 15%
30°C
4 20% 100% 80% 20%
5 30% 100% 75% 17%
6 20% 100% 85% 15%
7 rt 10% 89% 68% 26%
8 5% 48% 30% 4%
9 2.5% 26% 9% 0%
10 4°C 30% 33% 27% 0%

aconversion was determined by 'H NMR, with tetraethylsilane as
internal standard after 24h; yields were determined by 'H NMR,
with tetraethylsilane as internal standard after 24h

Next, we investigated the influence of the alkene substi-
tution. The unsubstituted olefin 22" (Fig. 3) did not show
any reactivity, even at elevated temperature (50 °C) and
high HClI loadings (50%; Sl ch. 1). The phenyl substituted
2% resulted only in deallylation. Thus, all further studies
were performed with the dimethyl-substituted olefin moi-
ety.

Ph)K/N\/\ Ph)K/N AN

zallyl styr

Figure 3. Substrates investigated concerning the influence of the
alkene substitution.

The main part of the investigation focused on the explora-
tion of the substrate scope with three different protecting
groups: tosyl, mesyl, and trifluorotosyl.



Table 2 Evaluation of the Protecting Group Influence
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areactions run in triplicate and analyzed by 'H NMR with
tetraethylsilane as internal standard (std. deviation reported).
bisolated yield ¢ addition of HCI to the olefin was observed.

The smallest Ts-protected substrates 2™ and 3™ were
converted to the respective COM products in good yields.
Based on chiral HPLC analysis of 3™, the stereoinfor-
mation of the substrate was efficiently transferred onto the
product (SI, ch. 3, pp. 28-30). Interestingly, increasing the
size of the substrate by only one methylene unit (4) re-
sulted in a greatly reduced yield of the COM product
(34%). This trend continued with the largest substrate in-
vestigated, the phenylalanine-derived substrate (57),
which produced only 17% isolated yield. To estimate the
reproducibility of this trend of decreasing yield with in-
creasing substrate size, all reactions were run in triplicate
and the yield was determined via a '"H NMR (internal
standard) to exclude an influence of the purification pro-
cedure. Indeed, the trend was confirmed by these studies.
Additionally, it revealed that deallylation was the dominat-
ing reaction for larger substrates. The unsubstituted, gly-
cine-derived substrate 2™ performs slightly worse than
the methyl-substituted 3™. The Thorpe-Ingold effect might

be responsible for this observation, as also discussed by
the Schindler group in their studies with iron(lll)chloride.®
This influence was even more pronounced for the other
protecting group (2F™ vs. 3F™s and 2V vs. 3Ms, see below).
To demonstrate the scalability of the procedure, one gram
of substrate 3™ was converted and delivered product
3ATs in comparable yield to the small scale reaction (77%
vs. 79%; see the end of the experimental section). Fur-
thermore, more readily available HCI sources than HCI-
saturated chloroform, and alternative Brgnsted acids were
explored with substrate 3™ (S| ch. 2). Several acids can
be utilized in combination with capsule I. The best alter-
native performance was observed with HCI (37%, aq.)
that resulted in nearly the same yield as the standard con-
dition (82% vs. 84%).

Interestingly, "Ts-protected substrates performed, on av-
erage, worse. They required much harsher reaction con-
ditions (40% HCI, 50 °C vs. 20% HCI, 30 °C) and still con-
verted extremely sluggishly (14d vs. 24h). This is in con-
trast to iron(lll)-catalysis and is likely a result of the de-
creased uptake of fluorinated substrates inside capsule |
that we have observed before. As a side reaction, the ad-
dition of HCI to the olefin was observed in the cyclization
of 2FTs,

Most interestingly, Ms-protected substrates were con-
verted efficiently inside capsule I at slightly elevated tem-
peratures (50 °C) but with the original acid loading (20%
HCI). Surprisingly, the largest substrate, 5M¢ produced the
highest yield (83+2% NMR-yield, 62% isolated yield) of
the mesyl-series. This is in contrast to the tosyl and tri-
fluorotosyl-protected substrates where the smaller, ala-
nine-derived substrate displayed the highest yield.

Control experiments were carried out to learn more about
the origin of the COM and deallylation reactivity (Table 3).
Aliquots of the reaction mixture were analyzed by 'H NMR
over time and compared with the respective reference re-
actions (entry 0). First, an experiment with 1.5 equivalents
of tetrabutylammonium bromide (TBAB) was performed
(entry 1). TBAB is a strong binding ammonium guest,
which can effectively prevent cationic reactions inside
capsule 1.2% 333 Reactivity observed under these condi-
tions likely stems from a background reaction outside of
the capsule. All substrates investigated did not show any
formation of the COM product. In the case of the tosyl-
and mesyl-protected derivates, some deallylation was ob-
served, indicating that deallylation also takes place out-
side of the capsule. In entry 2, the capsule was efficiently
disassembled by the addition of an excess of methanol.
No reactivity was observed under these conditions. Next,
the catalyst components (I and HCI) were tested sepa-
rately (entries 3-4). No product formation was observed,
which indicates that the COM only takes place inside I in
the presence of HCI. Some deallylation product was ob-
servable for 2™ and 2Ms in both cases. However, the low
yield after extended reaction time (7d) is much lower than
under regular conditions (entry 0). The following conclu-
sions can be drawn from these control experiments. (1)
The deallylation seems not to depend on either | or HCI,
but is accelerated in the presence of the catalyst combi-
nation. (2) On the other hand, COM product formation is
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only observed when both catalyst components (I and HCI)
are present.

Table 3 Control Experiments

o PG
o Me [ N-pG T
B —_— - +
Ph Y CDCl;  ph PhKNH

Me
A B
entry | HCI 2Ts 2FTs 2Ms
A® B? A®  B? A®  pB?
30°C, 1d 50°C, 14d 50°C, 2d
0 10% 20% 74% 25% 9% 22% 27% 43%
30°C, 7d 50°C, 14d 50°C, 7d

10% 20%

1 ) nd. 14% nd. nd. nd. 3%
1.5 equiv nBuyNBr

10% 20%

. nd. n.d. nd. nd. nd. nd.

60 equiv MeOH
3 0% 20% nd. 15% nd. nd. nd. 3%
4 10% 0% nd. 13% nd. nd. nd. 2%

aanalyzed by 'H NMR with tetraethylsilane as internal standard;
n.d. = not detectable via '"H NMR

What causes the observed inverse trends for the tosyl-
and mesyl-protected substrates (Table 2)? As the cavity
of I only offers limited space, we suspect that the re-
stricted rotation of the substrate might be the key factor.
Substrates that carry a large protecting group (Ts or FTs)
and additionally a larger R-residue (ethyl, phenyl), might
suffer from a decreased conformational freedom required
for the COM reaction. In these cases, deallylation, which
does not depend on large conformational changes out-
competes the COM reaction. The smaller mesyl-protect-
ing group, on the other hand, facilitates the conversion of
the substrates with the larger R-residues (ethyl, benzyl).

In summary, we demonstrated that several 3-aryl-2,5-di-
hydropyrroles can be synthesized efficiently with the cat-
alyst combination I/HCI. Most interestingly, this catalyst
combination is able to convert mesyl-protected sub-
strates. To our knowledge, such substrates have not been
converted in a COM reaction before, as they would suffer
from catalyst inhibition due to the high Lewis basicity. As
the mesyl group can be deprotected selectively in the
presence of other sulphonamides, it provides an orthogo-
nal reactivity as compared to the protecting groups utilized
so far for the COM reaction. Furthermore, a strong size
dependence of the conversion inside capsule | was ob-
served. These results combined with the performed con-
trol experiments provide very strong evidence that the
COM reaction takes place inside the capsule exclusively.
The results further highlight the unique reactivity observed
inside the closed cavity of capsule | as compared to reac-
tions in solution.

Experimental Section
General Information

Reagents were purchased from commercial sources
(Acros, Alfa Aesar, Fluorochem, Sigmar-Aldrich, VWR)
and used without prior purification. '"H NMR spectra were
recorded at 298 K at 500 MHz or 600 MHz on a Bruker
UltraShield 500 spectrometer or a 600 MHz Bruker
Avance Ill NMR spectrometer equipped with a cryogenic
QCI-F probe, respectively. *C NMR spectra were rec-
orded at 126 MHz or 151 MHz on a Bruker UltraShield
500 spectrometer or a 600 MHz Bruker Avancelll NMR
spectrometer equipped with a cryogenic QCI-F probe, re-
spectively. Chemical shifts of '"H NMR and *C NMR spec-
tra (measured at 298 K) are given in ppm by using resid-
ual solvent signals as references (CDCls: 7.26 ppm and
77.16 ppm)). Coupling constants (J) are reported in Hertz
(Hz). Standard abbreviations indicating multiplicity were
used as follows: s(singlet), d (doublet), t (triplet), q (quar-
tet), p (pentet), s (sextet), h (septet), m (multiplet),
b(broad). High-resolution mass spectra were obtained us-
ing the electrospray ionization-time of flight (ESI-TOF)
technique on a Bruker maXis 4G mass spectrometer. An-
alytical thin-layer chromatography (TLC) was performed
on Merck silica gel 60 F2s4 glass-baked plates, which were
analyzed by fluorescence detection with UV-light (A = 254
nm, [UV]) and after exposure to standard staining rea-
gents and subsequent heat treatment. The following
staining solution was used: acidic cerium ammoniummo-
lybdate solution [CAM] (40 g ammonium heptamolybdate,
1.6 g cerium sulfate in 900 mL H20 with 100 mL conc.
H2S04).

General Procedure for NMR-Experiments

A stock solution of resorcinarene (99.5 mM) was prepared
by suspending resorcinarene in chloroform-d: (filtered
over basic aluminum oxide) in a 4 mL screw-cap vial. The
capped vial was heated gently in a 50 °C waterbath until
the suspension turned clear. After cooling to room tem-
perature, tetraethylsilane was added to the resorcinarene
stock solution to obtain a tetraethylsilane concentration of
66.4 mM (6.64 pmol, 0.4 equiv in the final reaction mix-
ture). An aliquot of the resorcinarene stock solution (100
pL, 9.95 ymol, 0.6 equiv) was added to a 1.5 mL screw
cap vial, equipped with a stirring bar. HCI (0.2 equiv ) was
added as HCl-saturated chloroform solution (freshly ti-
trated). Filtered chloroform was added to receive a total
volume of 400 pL. The substrate was added as a stock
solution (100 pL, 166 mM, 16.6 pmol, 1.0 equiv). The vial
was transferred to an aluminum heating block. Aliquots of
50 uL were dissolved in 0.5 mL of chloroform-d+ and ana-
lyzed by "H NMR.

Preparation of Starting Materials

Substrates 3™, 57, 5F™s were prepared according to liter-
ature procedures.®



General Procedure A: Synthesis of 2Vs, 2FTs  2allyl 9styr
via Protection and N-alkenylation of 2-Aminoaceto-
phenone

2-Aminoacetophenone hydrochloride (1.0 equiv) was sus-
pended in a mixture of THF:H20 (1:2) to obtain a 0.3 M
solution. The solution was cooled to 0 °C with an ice bath
and the sulfonyl chloride (1.2 equiv) and triethylamine (3.0
equiv) were added. The solution was stirred for 4h at 0 °C.
The reaction was quenched with HCI (1 M) and extracted
three times with EtOAc. The organic phase was dried with
Na>SO4 and the solvent was removed under reduced
pressure. The obtained protected aminoacetophenones
(PAP) were purified by flash chromatography.

PAP was dissolved in dry DMF to obtain a 0.1 M solution.
The solution was cooled to 0 °C in an ice bath and NaH
(60% dispersion in mineral oil, 1.2 equiv) was added and
the reaction was stirred for 15 min at 0 °C. Alkenyl bro-
mide (1.2 equiv) was added and the reaction was allowed
to warm to room temperature overnight. The reaction was
quenched by the addition of a saturated NH4Cl solution
and extracted with EtOAc. The combined organic phase
was dried with Na2SO4 and the solvent was removed un-
der reduced pressure. The final compound was purified
by flash chromatography (SiO2 EtOAc : cHex).

General Procedure B: Synthesis of 3", 4Vs 3FTs 4FTs
via N-Prenylation and Addition of Phenyl Lithium to
Amino Acid Esters

The amino acid (1.0 equiv) was suspended in MeOH to
obtain a 1 M suspension. The mixture was cooled to 0 °C
in an ice bath and thionyl chloride (1.2 equiv) was added
dropwise. The reaction was allowed to warm to room tem-
perature and stirred for 2h. The solvent and remaining thi-
onyl chloride were removed under reduced pressure to af-
ford the crude amino acid methyl ester. The product was
used without further purification.

The amino acid methyl ester (1.0 equiv) was suspended
in DCM to obtain a 0.5 M suspension. The mixture was
cooled to 0 °C in an ice bath and the sulfonyl chloride (1.2
equiv) was added. Triethylamine (2.2 equiv) was added
dropwise and the mixture was stirred for 4h at 0 °C. The
reaction was quenched by the addition of water and ex-
tracted with EtOAc. The combined organic phase was
dried with Na2SO4 and the solvent was removed under re-
duced pressure. The crude product was used without fur-
ther purification.

The protected amino acid was dissolved in dry DMF to
obtain a 0.1 M solution. The solution was cooled to 0 °C
in an ice bath and NaH (60% dispersion in mineral oil, 1.2
equiv) was added and the reaction was stirred for 15min
at 0 °C. Prenyl bromide (1.2 equiv) was added and the
reaction was allowed to warm to room temperature over-
night. The reaction was quenched by the addition of a sat-
urated NH4ClI solution and extracted with EtOAc. The
combined organic phase was dried with Na2SO4 and the
solvent was removed under reduced pressure. Purifica-
tion by flash chromatography (SiO2 EtOAc : cHex) af-
forded the desired prenylated ester (EST)

lodobenzene (1.1 equiv) was dissolved in THF to obtain a
0.1 M solution. The solution was cooled to -78 °C in a dry
ice/acetone cooling bath. nBuLi (2.5 M, 1.1 equiv) was
added and the mixture was stirred for 10min. EST (1.0
equiv) was added and the reaction was stirred for 1h at -
78 °C. Higher temperature or longer reaction times lead
to lower yields. The reaction was quenched by the addi-
tion of a saturated NH4Cl solution and extracted with
EtOAc. The combined organic phase was dried with
Na2S0s and the solvent was removed under reduced
pressure. The final compound was purified by flash chro-
matography (SiO2 EtOAc : cHex).

General Procedure C: Synthesis of 4™ and 5" via N-
protection, Weinreb-amidation, Grignard Addition,
and N-Prenylation

The respective amino acid (1.0 equiv) was suspended in
a mixture of THF:H20 (1:2) to obtain a 0.3 M solution. The
solution was cooled to 0 °C in an ice bath and the sulfonyl
chloride (1.2 equiv) and triethylamine (3.0 equiv) were
added. The solution was stirred for 4h at 0 °C. The reac-
tion was quenched with HCI (1 M) and extracted three
times with EtOAc. The organic phase was dried with
Na:SO4 and the solvent was removed under reduced
pressure. The obtained product was used without further
purification.

The protected amino acid (1.0 equiv), N,O-dimethylhy-
droxylamine hydrochloride (1.1 equiv), and morpholine
(1.1 equiv) were dissolved in DCM to obtain a 0.45 M so-
lution. The mixture was cooled to 0 °C in an ice bath and
DCC (1.1 equiv) was added in one portion. The reaction
was allowed to warm up to room temperature overnight.
The reaction was quenched by the addition of HCI (1 M)
and the mixture was extracted with DCM. The organic
phase was washed with sat. NaHCOs3 solution and brine.
The organic phase was dried with Na2SQO4 and filtered
through a celite® pad. The solvent was removed under
reduced pressure and the residue was purified by column
chromatography to obtain the Weinreb amide (WA).

The aryl magnesium bromide (2.0 equiv) was dissolved in
dry THF to obtain a 0.2 M solution. The solution was
cooled to 0 °C in an ice bath and WA (1.0 equiv) was
added as 2.5 M solution in dry THF. The reaction was al-
lowed to warm to room temperature and stirred for 4h or
until judged complete by TLC analysis. The reaction was
quenched by the addition of a saturated NH4Cl solution
and extracted with EtOAc. The combined organic phase
was dried with Na2SO4 and the solvent was removed un-
der reduced pressure. Purification by flash chromatog-
raphy (SiO2 EtOAc : cHex) afforded the aryl ketone (AK).

AK was dissolved in dry DMF to obtain a 0.1 M solution.
The solution was cooled to 0 °C in an ice bath, NaH (60%
dispersion in mineral oil, 1.2 equiv) was added, and the
reaction was stirred for 15 min at 0 °C. Prenyl bromide
(1.2 equiv) was added and the reaction was allowed to
warm to room temperature overnight. The reaction was
quenched by the addition of a saturated NH4Cl solution
and extracted with EtOAc. The combined organic phase



was dried with Na2SO4 and the solvent was removed un-
der reduced pressure. The final compound was purified
by flash chromatography (SiO2 EtOAc : cHex).

General Procedure D: Carbonyl-Olefin Metathesis

Preparation and Titration of HCl-concentrated Chloro-
form Solution

The HCl-concentrated chloroform solution was prepared
by passing HCI-gas (prepared by dropwise addition of
concentrated H2SO4 to dry NaCl) through chloroform for
ca. 30min. The concentration of HCI in chloroform was
determined as follows: to a solution of phenol red in EtOH
(0.002wt%, 2.5 mL) was added HCl-saturated chloroform
(100 pL) via a microman M1 pipette equipped with plastic
tips. Upon addition, the solution turned from yellow (neu-
tral) to pink (acidic). The resulting solution was then ti-
trated with 0.1 M ethanolic solution of triethylamine (NEts).
At the equivalence point, the solution turned from pink to
yellow.

Resorcinarene (0.6 equiv) was weighed into a pressure
vial and chloroform (filtered through basic aluminum ox-
ide) was added to reach a concentration of 25.0 mM re-
garding resorcinarene. The capped vial was heated gently
in a 50 °C water bath until the suspension turned clear.
After cooling to room temperature, HCI (0.2 equiv) was
added in the form of HCl-saturated chloroform. The sub-
strate was added (1.0 equiv) and filtered chloroform was
added to receive a total concentration of 33.1 mM regard-
ing the substrate. The vial was equipped with a stirring bar
and transferred to an oil bath set to 50 °C or 30 °C. The
reaction mixture was transferred directly to the column
(SiO2 100% pentane) and was rinsed with pentane. The
eluent was gradually changed to the desired mixture.

Synthesis of 2™ and 2A™

4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfona-
mide (2PAPTs)

2-aminoacetophenone hydrochloride (450 mg, 2.62
mmol) and tosyl chloride (599 mg, 3.14 mmol) were
treated according to the general procedure A. Flash chro-
matography (SiOz2 20% EtOAc : 80% cHex) afforded
2PAPT (687 mg, 2.37 mmol, 90%) as white solid. 'H NMR
(600 MHz, CDClI3) 6 7.87 — 7.83 (m, 2H), 7.78 (d, J = 8.0
Hz, 2H), 7.64 —7.59 (m, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.29
(d, J =8.0 Hz, 2H), 5.62 (t, J = 4.7 Hz, 1H), 4.46 (d, J =
4.5 Hz, 3H), 2.40 (s, 3H). "*C{'"H} NMR (151 MHz, CDCls)
0 192.6, 143.9, 136.1, 134.6, 133.8, 129.9, 129.1, 128.0,
127.3,48.8, 21.6.

The spectroscopic data matched those reported in the lit-
erature®®
4-methyl-N-(3-methylbut-2-en-1-yl)-N-(2-oxo-2-phe-
nylethyl)benzenesulfonamide (27¢)

2PAPT (300 mg, 1.05 mmol) and prenyl bromide (144 L,
1.25 mmol) were treated according to the general proce-
dure A. Flash chromatography (SiO2 10% EtOAc : 90%
cHex) afforded 27¢ (272 mg, 761 umol, 72%) as colorless
oil. '"H NMR (500 MHz, CDCls) 8 7.92 (dd, J = 8.4, 1.3 Hz,
2H), 7.75 (d, J = 8.3 Hz, 2H), 7.61 — 7.55 (m, 1H), 7.47 (t,

J = 7.8 Hz, 2H), 7.32 — 7.29 (m, 2H), 5.04 — 4.97 (m, 1H),
4.64 (s, 2H), 3.89 (d, J = 7.5 Hz, 2H), 2.44 (s, 3H), 1.59
(d, J = 1.4 Hz, 3H), 1.45 (d, J = 1.4 Hz, 3H). *C{'"H} NMR
(151 MHz, CDCls) & 194.6, 143.3, 139.2, 136.8, 135.1,
133.6, 129.6, 128.7, 128.0, 127.5, 118.3, 52.1, 45.5, 25.7,
21.6, 17.6.

The spectroscopic data matched those reported in the lit-
erature'®

3-phenyl-1-tosyl-2,5-dihydro-1H-pyrrole (2AT)

2™ (61.1 mg, 171 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 30 °C
for 24h. Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 2A™ (31.8 mg, 106 umol, 62 %) as col-
orless oil. '"H NMR (500 MHz, CDCls) & 7.77 (d, J = 8.1
Hz, 2H), 7.36 — 7.27 (m, 7H), 6.04 — 5.97 (m, 1H), 4.52 —
4.43 (m, 2H), 4.34 — 4.26 (m, 2H), 2.41 (s, 3H)."*C{'H}
NMR (126 MHz, CDCls) & 143.7, 137.5, 134.2, 132.6,
130.0, 128.8, 128.6, 127.6, 125.5, 119.0, 55.8, 55.0, 21.7.

The spectroscopic data matched those reported in the lit-
erature’

N-allyl-4-methyl-N-(2-ox0-2-phenylethyl)benzenesul-
fonamide (22™")

2PAPT (201 mg, 693 pmol) and allyl bromide (72 pL, 832
pmol) were treated according to the general procedure A.
Flash chromatography (SiO2 10% EtOAc : 90% cHex) af-
forded 23" (186 mg, 0.565 mmol, 81%) as colorless oil.
"H NMR (500 MHz, CDClz) & 7.90 (dd, J = 8.4, 1.3 Hz,
2H), 7.76 (d, J = 8.3 Hz, 2H), 7.62 — 7.56 (m, 1H), 7.47
(dd, J =8.1, 7.4 Hz, 2H), 7.32 — 7.29 (m, 2H), 5.70 (ddt, J
= 16.8, 10.3, 6.6 Hz, 1H), 5.18 — 5.09 (m, 2H), 4.74 (s,
2H), 3.93 (d, J = 6.6 Hz, 2H), 2.44 (s, 3H). ®*C{'"H} NMR
(151 MHz, CDCl3) & 194.0, 143.5, 137.0, 135.0, 133.8,
132.5,129.7, 128.9, 128.0, 127.6, 120.0, 51.8, 50.8, 21.7.

The spectroscopic data matched those reported in the lit-
erature®”

N-cinnamyl-4-methyl-N-(2-ox0-2-phenylethyl)ben-
zenesulfonamide (25%)

2PAPT™s (300 mg, 1.04 mmol) and cinnamyl bromide (185
pL, 1.25 mmol) were treated according to the general pro-
cedure A. Flash chromatography (SiO2 10% EtOAc : 90%
cHex) afforded 259" (258 mg, 0.636 mmol, 61%) as white
solid. '"H NMR (500 MHz, CDCls) & 7.91 — 7.86 (m, 2H),
7.81=7.77 (m, 2H), 7.60 — 7.55 (m, 1H), 7.46 — 7.41 (m,
2H), 7.34 - 7.30 (m, 2H), 7.29 — 7.19 (m, 5H), 6.43 — 6.35
(m, 1H), 6.03 (dt, J = 15.9, 6.9 Hz, 1H), 4.76 (s, 2H), 4.08
(dd, J = 6.9, 1.3 Hz, 2H), 2.44 (s, 3H). "*C{'"H} NMR (126
MHz, CDCls) 6 194.3, 143.6, 137.1, 136.1, 135.1, 135.0,
133.8, 129.8, 128.9, 128.7, 128.2, 128.2, 127.7, 126.7,
123.6, 52.1, 50.5, 21.7. HRMS calcd. for C24H23NO3SNa
[(M+Na)]": 428.1291 found: 428.1294

(S)-2-methyl-3-phenyl-1-tosyl-2,5-dihydro-1H-pyrrole
(3A™)

3T (63.5 mg, 171 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 30 °C
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for 24h Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 3A™ (42.4 mg, 135 umol, 79%) as
white solid. '"H NMR (600 MHz, CDCl3) 8 7.76 (d, J = 8.3
Hz, 2H), 7.38 — 7.23 (m, 7H), 5.82 (q, J = 2.0 Hz, 1H), 5.05
—4.95 (m, 1H), 4.34 — 4.21 (m, 2H), 2.40 (s, 3H), 1.47 (d,
J = 6.4 Hz, 3H). *C{'H} NMR (151 MHz, CDCls) & 143.6,
143.5, 135.1, 133.1, 129.9, 128.8, 128.3, 127.4, 126.4,
118.9, 63.0, 54.9, 22.2, 21.6.

The spectroscopic data matched those reported in the lit-
erature®

Synthesis of 4™ and 4A™
(S)-N-methoxy-N-methyl-2-((4-methylphenyl)sulfon-
amido)butanamide (4WAT®)

L-2-aminobutyric acid (425 mg, 4.12 mmol, 1.0 equiv) was
treated according to the general procedure C. Purification
by flash chromatography (SiO2 30% EtOAc : 70% cHex)
yielded product 4WATs (895 mg, 2.98 mmol, 72%). as a
white solid '"H NMR (500 MHz, CDCls) 8 7.73 — 7.69 (m,
2H), 7.27 (d, J = 7.9 Hz, 2H), 5.44 (d, J = 9.9 Hz, 1H), 4.17
(td, J = 9.5, 9.0, 4.4 Hz, 1H), 3.53 (s, 3H), 2.96 (s, 3H),
2.40 (s, 3H), 1.69 (dtd, J = 14.7, 7.3, 4.5 Hz, 1H), 1.53 (dt,
J =13.8, 7.5 Hz, 1H), 0.99 — 0.89 (m, 3H). "*C{'"H} NMR
(126 MHz, CDCls) & 143.5, 137.1, 129.6, 127.5, 61.4,
543, 322, 269, 216, 9.8 HRMS calcd.for
C13H20N204SNa [(M+Na)]*: 323.1036 found 323.1038

(S)-4-methyl-N-(1-oxo-1-phenylbutan-2-yl)benzene-
sulfonamide (4AKT™)

4WATs (1.00 g, 3.33 mmol, 1.0 equiv) was treated accord-
ing to the general procedure C. Purification by flash chro-
matography (SiO2 20% EtOAc : 80% cHex) yielded prod-
uct 4AK™ (426 mg, 1.34 mmol, 40%) as white solid. 'H
NMR (500 MHz, CDCls) 6 7.72 (d, J = 8.4 Hz, 2H), 7.66
(d, J = 8.5 Hz, 2H), 7.61 — 7.55 (m, 1H), 7.47 — 7.40 (m,
2H),7.13(d,J=7.6 Hz, 2H), 5.70 (d, J = 8.5 Hz, 1H), 4.84
—4.77 (m, 1H), 2.29 (s, 3H), 1.93 — 1.82 (m, 1H), 1.65 —
1.55 (m, 1H), 0.94 — 0.87 (m, 3H). C{'H} NMR (126 MHz,
CDCl3) 6 198.1, 143.6, 137.0, 134.13, 134.0, 129.7,
128.9, 128.4, 127.2, 58.7, 27.6, 21.5, 9.3.

The spectroscopic data matched those reported in the lit-
erature®
(S)-4-methyl-N-(3-methylbut-2-en-1-yl)-N-(1-oxo0-1-
phenylbutan-2-yl)benzenesulfonamide (4™)

4AK™ (549 mg, 1.73 mmol, 1.0 equiv) was treated ac-
cording to the general procedure C. Purification by flash
chromatography (SiO2 10% EtOAc : 90% cHex) yielded
product 4™ as white solid (551 mg, 1.43mmol, 83%) 'H
NMR (500 MHz, CDCIls) & 8.00 (dd, J = 8.4, 1.3 Hz, 2H),
7.57 (dd, J = 8.0, 6.5 Hz, 3H), 7.47 (dd, J = 8.4, 7.1 Hz,
2H), 7.18 (d, J = 8.0 Hz, 2H), 5.35 (dd, J = 7.8, 6.2 Hz,
1H), 4.92 (ddt, J = 6.9, 5.4, 1.4 Hz, 1H), 3.94 (ddt, J =
16.1, 6.9, 1.2 Hz, 1H), 3.77 — 3.69 (m, 1H), 2.37 (s, 3H),
2.08 -1.95 (m, 1H), 1.53 (d, J = 1.3 Hz, 6H), 1.44 (it, J =
13.5, 7.4 Hz, 1H), 0.95 (t, J = 7.3 Hz, 3H). *C{'H} NMR
(126 MHz, CDCl3) & 197.9, 143.4, 137.6, 136.4, 135.4,
133.3, 129.6, 128.8, 128.7, 127.6, 121.3, 61.5,43.1, 25.7,
22.0, 21.6, 17.8, 11.5. HRMS calcd for C22H27NO3SNa
[(M+Na)]": 408.1604 found 408.1609

(S)-2-ethyl-3-phenyl-1-tosyl-2,5-dihydro-1H-pyrrole
(4A™)

47 (140 mg, 364 ymol) was treated according to the gen-
eral procedure D. The reaction was carried out at 30 °C
for 24h. Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 4A™ (41.0 mg, 125 umol, 34%) as
white solid. '"H NMR (500 MHz, CDCl3) 8 7.77 — 7.73 (m,
2H), 7.36 — 7.24 (m, 7H), 5.85 (q, J = 2.0 Hz, 1H), 5.09
(dtt, J =5.5,3.7, 1.7 Hz, 1H), 4.32 - 4.18 (m, 2H), 2.39 (s,
3H), 2.04 (dqd, J = 14.7, 7.4, 4.0 Hz, 1H), 1.70 (dqd, J =
14.5, 7.3, 3.6 Hz, 1H), 0.78 (t, J = 7.4 Hz, 3H). "*C{'H}
NMR (126 MHz, CDCIs) & 143.5, 141.4, 135.2, 133.4,
129.9, 128.8, 128.3, 127.4, 126.5, 120.2, 67.7, 55.9, 26.5,
21.6, 7.4. HRMS calcd for Ci9H21NO2SNa [(M+Na)]*:
350.1185 found 350.1188

(S)-2-benzyl-3-phenyl-1-tosyl-2,5-dihydro-1H-pyrrole
(5A™)

5T (38.8 mg, 86.6 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 30 °C
for 24h Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 5A™ (5,80 mg, 14.9 umol, 17%) as
white solid.

"H NMR (500 MHz, CDCls) & 7.79 — 7.74 (m, 2H), 7.36
(dd, J = 8.3, 6.6 Hz, 2H), 7.33 — 7.27 (m, 3H), 7.26 — 7.23
(m, 2H), 7.15 (dd, J = 4.8, 1.9 Hz, 3H), 7.03 — 6.98 (m,
2H), 5.62 (dt, J = 2.9, 1.6 Hz, 1H), 5.30 (dtd, J = 4.9, 2.9,
1.3 Hz, 1H), 4.04 (ddd, J = 15.7, 2.6, 1.5 Hz, 1H), 3.55
(ddd, J=15.7, 5.2, 1.9 Hz, 1H), 3.36 (dd, J = 13.7, 4.8 Hz,
1H), 3.01 (dd, J = 13.7, 2.7 Hz, 1H), 2.39 (s, 3H). 13C{'H}
NMR (126 MHz, CDCls) & 143.6, 140.7, 136.3, 135.2,
133.4, 130.8, 129.9, 129.0, 128.4, 127.7, 127.3, 126.6,
126.4, 121.3, 67.4, 55.67, 39.8, 21.6.

The spectroscopic data matched those reported in the lit-
erature®

Synthesis of 2™ and 2AF™

N-(2-oxo0-2-phenylethyl)-4-(trifluoromethyl)benzene-
sulfonamide (2PAPF™)

2-aminoacetophenone hydrochloride (1.00 g, 5.83 mmol)
and 4-trifluoromethylbenzene sulfonyl chloride (1.71 g,
6.98 mmol) were treated according to the general proce-
dure A. Flash chromatography (SiO2 20% EtOAc : 80%
cHex) afforded 2PAPF™ (1.76 g, 5.14 mmol, 88%) as
white solid. '"H NMR (600 MHz, CDCls) 5 8.04 (d, J = 8.1
Hz, 2H), 7.85 (dd, J = 8.5, 1.3 Hz, 2H), 7.77 (d, J = 8.2 Hz,
2H), 7.63 (t, J = 7.5 Hz, 1H), 7.52 — 7.45 (m, 2H), 5.77 (s,
1H), 4.51 (s, 2H). 3C{'"H} NMR (151 MHz, CDCl3) & 192.2,
143.0, 134.8, 134.8 (q, J = 33.1), 133.6, 129.2, 128.0,
127.8,126.5(q, J = 3.8 Hz), 123.3 (q, J = 273.1 Hz), 48.7.
The spectroscopic data matched those reported in the lit-
erature®
N-(3-methylbut-2-en-1-yl)-N-(2-oxo-2-phenylethyl)-4-
(trifluoromethyl)benzenesulfonamide (2F™)

2PAPFTs (700 mg, 2.04 mmol) and prenyl bromide (283
ML, 2.45 mmol) were treated according to the general pro-
cedure A. Flash chromatography (SiO2 10% EtOAc : 90%
cHex) afforded 2F™ (603 mg, 1.47 mmol, 72%) as pale
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yellow solid. "H NMR (500 MHz, CDCls) 5 8.01 (d, J = 8.0
Hz, 2H), 7.88 (dd, J = 8.4, 1.3 Hz, 2H), 7.78 (d, J = 8.3 Hz,
2H), 7.63 — 7.57 (m, 1H), 7.48 (dd, J = 8.2, 7.4 Hz, 2H),
5.07 (dddd, J = 7.5, 6.1, 2.8, 1.5 Hz, 1H), 4.76 (s, 2H),
3.95 (d, J = 7.5 Hz, 2H), 1.64 (d, J = 1.4 Hz, 3H), 1.46 (d,
J = 1.3 Hz, 3H)."*C{'"H} NMR (151 MHz, CDCls) 5 194.1,
143.89, 143.88, 143.87, 143.86, 139.83, 134.87, 134.19
(g. J = 32.9 Hz), 134.00, 128.99, 128.09, 127.97, 126.10
(q, J = 3.7 Hz), 123.46 (q, J = 272.9 Hz), 117.98, 51.67,
45.56, 25.84, 17.70.

The spectroscopic data matched those reported in the lit-
erature®
3-phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)-2,5-
dihydro-1H-pyrrole (2AF™)

2F™ (70.0 mg, 170 pumol) was treated according to the
general procedure D. The reaction was carried out at 50
°C for 14d with 0.4 equiv of HCI. Flash chromatography
(SiO2 10% EtOAc : 90% Pentane) afforded 2AF™ (3.40
mg, 9.62 umol, 6%) as colorless oil. Yield: '"H NMR (500
MHz, CDCls) & 8.05 — 7.98 (m, 2H), 7.81 (dt, J = 8.2, 0.7
Hz, 2H), 7.35-7.27 (m, 5H), 6.03 (p, J = 2.1 Hz, 1H), 4.55
—4.50 (m, 2H), 4.34 (id, J = 4.4, 2.3 Hz, 2H). "*C{'"H} NMR
(126 MHz, CDCls) 6 141.0, 137.5, 134.6 (q, J = 33.1 Hz),
132.3, 128.9, 128.8, 128.0, 126.6 (q, J = 3.7 Hz), 125.5,
124.4 (m), 118.7, 55.7, 55.1.

The spectroscopic data matched those reported in the lit-
erature®

Synthesis of 3™ and 3AF™

methyl N-(3-methylbut-2-en-1-yl)-N-((4-(trifluorome-
thyl)phenyl)sulfonyl)-L-alaninate (3EST™)

L-alanine (286 g, 3.21 mmol) was treated according to the
general procedure B. Flash chromatography (SiO2 10%
EtOAc : 90% cHex) afforded 3ESTF™ (934 mg, 2.46
mmol, 77%) colorless oil. '"H NMR (500 MHz, CDClz) &
7.98 — 7.93 (m, 2H), 7.79 — 7.72 (m, 2H), 5.04 (tdd, J =
5.5,2.9,1.4 Hz, 1H), 4.69 (q, J = 7.3 Hz, 1H), 3.95 - 3.88
(m, 1H), 3.86 — 3.78 (m, 1H), 3.58 (s, 3H), 1.63 (dd, J =
10.5, 1.3 Hz, 6H), 1.44 (d, J = 7.3 Hz, 3H). *C{'H} NMR
(126 MHz, CDCl3) 5 171.8, 144.4 8 (m), 136.4, 134.2 (q.
J = 33.0 Hz), 128.0, 126.0(q, J = 3.7 Hz),1234 (q, J =
272.8 Hz), 120.2, 55.1, 52.3, 43.7, 25.8, 17.7, 16.6.
C16H20F3NO4SNa [(M+Na)]*: 402.0957 found 402.0964
(S)-N-(3-methylbut-2-en-1-yl)-N-(1-oxo-1-phenylpro-
pan-2-yl)-4-(trifluoromethyl)benzenesulfonamide
(3FTs)

3ESTF™ (934 mg, 2.46 mmol) was treated according to
the general procedure B. Flash chromatography (SiO2 5%
EtOAc : 95% Pentane) afforded 3T (108 mg, 254 uymol,
10%) as white solid. '"H NMR (500 MHz, CDCls) & 8.02 —
7.97 (m, 2H), 7.89 — 7.85 (m, 2H), 7.72 — 7.68 (m, 2H),
7.60 — 7.55 (m, 1H), 7.50 — 7.44 (m, 2H), 5.59 (q, J = 7.0
Hz, 1H), 4.84 (tdd, J = 6.5, 2.8, 1.4 Hz, 1H), 3.91 (dd, J =
15.7, 6.4 Hz, 1H), 3.79 — 3.70 (m, 1H), 1.52 — 1.50 (m,
6H), 1.32 (d, J = 7.0 Hz, 3H). ®C{'H} NMR (151 MHz,
CDCIs) 6 197.9, 143.9, 137.0, 135.6, 134.4 (q, J = 33.2
Hz), 133.5, 128.8, 128.8, 128.1, 126.2 (q, J = 3.6 Hz),
124.2 (q, J = 272.9 Hz), 120.4, 56.3, 43.2, 25.7, 17.8,

14.3. HRMS calcd for C21H22F3sNOsSNa [(M+Na)]":
448.1165 found 448.1172
(S)-2-methyl-3-phenyl-1-((4-(trifluoromethyl)phe-
nyl)sulfonyl)-2,5-dihydro-1H-pyrrole (3AF™s)

3FTs (71.2 mg, 167 pmol) was treated according to the
general procedure D. The reaction was carried out at 50
°C for 14d with 0.4 equiv of HCI. Flash chromatography
(SiO2 10% EtOAc : 90% Pentane) afforded 3AF™ (31.0
mg, 84.4 umol, 50%) as white solid. '"H NMR (500 MHz,
CDCl3) 6 8.03 — 7.99 (m, 2H), 7.80 — 7.75 (m, 2H), 7.37 —
7.26 (m, 5H), 5.86 (g, J = 2.0 Hz, 1H), 5.12 - 5.00 (m, 1H),
4.39-4.24 (m, 2H), 1.49 (d, J = 6.3 Hz, 3H). "*C{'H} NMR
(126 MHz, CDCls) 6 143.6, 142.1 (q, J = 1.3 Hz), 134.5 (q,
J =33.0 Hz), 132.7, 128.9, 128.6, 127.8, 126.5 (m, 2C),
123.4 (q, J = 272.9), 118.6, 63.3, 54.9, 22.0. HRMS calcd.
for C1sH16F3NO2SNa [(M+Na)]*: 390.0746 found 390.0742
(S)-N-(1-oxo-1-phenylpropan-2-yl)-4-(trifluorome-
thyl)benzenesulfonamide (3BF™)

Isolated as a white solid (28.0 mg, 78.3 umol, 47%) 'H
NMR (500 MHz, CDCl3) 8 7.95-7.92 (m, 2H), 7.78 = 7.74
(m, 2H), 7.68 — 7.57 (m, 3H), 7.50 — 7.43 (m, 2H), 5.87 (d,
J=8.1Hz 1H),4.98 (dq, J =8.2, 7.2 Hz, 1H), 1.44 (d, J
= 7.2 Hz, 3H). *C{'"H} NMR (151 MHz, CDCls) & 197.7,
143.8, 134.6, 134.5 (g, J = 33.1 Hz), 133.2, 129.2, 128.6,
127.7, 126.4 (q, J = 3.7 Hz), 123.21 (q, J = 273.0 Hz),
53.6, 21.3. HRMS calcd. for C16H14FsNO3sSNa [(M+Na)]*:
380.0539 found 380.0540

Synthesis of 47T and 4AF™
Methyl-(S)-2-((N-(3-methylbut-2-en-1-yl)-4-(trifluoro-
methyl)phenyl)sulfonamido)butanoate (4ESTF™)
L-2-aminobutyric acid (316 mg, 3.07 mmol) was treated
according to the general procedure B. Flash chromatog-
raphy (SiO2 10% EtOAc : 90% cHex) afforded 4ESTF™
(857 g, 2.18 mmol, 71%) as colorless oil. '"H NMR (500
MHz, CDCls) 6 7.98 — 7.93 (m, 2H), 7.77 — 7.71 (m, 2H),
5.06 (dddd, J = 8.4, 5.6, 2.8, 1.4 Hz, 1H), 4.48 (dd, J =
9.6, 5.8 Hz, 1H), 3.87 (dt, J = 7.0, 1.1 Hz, 2H), 3.51 (s,
3H), 1.97 (dqd, J = 14.8, 7.4, 5.9 Hz, 1H), 1.70 (ddq, J =
14.6, 9.6, 7.3 Hz, 1H), 1.63 (s, 6H), 0.99 (t, J = 7.4 Hz,
3H). ®*C{'"H} NMR (126 MHz, CDCl3) & 171.4, 144.4 (d,
J=1.4 Hz), 136.0, 134.2 (q, J = 32.9 Hz), 128.1, 125.9 (q,
J=3.7Hz),123.5 (q,J =272.9 Hz), 61.3, 52.1, 43.6, 25.8,
23.3, 17.8, 11.0. HRMS calcd. for Ci7H22F3NO4+SNa
[(M+Na)]": 416.1114 found: 416.1117
(S)-N-(3-methylbut-2-en-1-yl)-N-(1-oxo-1-phenyl-
butan-2-yl)-4-(trifluoromethyl)benzenesulfonamide
(4FTs)

4ESTF™ (857 mg, 2.18 mmol) was treated according to
the general procedure B. Flash chromatography (SiO2 5%
EtOAc : 95% Pentane) afforded 4™ (98.0 mg, 223 pmol,
10%) as white solid. '"H NMR (500 MHz, CDCls) & 7.93
(dd, J =8.4,1.3 Hz, 2H), 7.79 - 7.75 (m, 2H), 7.62 — 7.56
(m, 3H), 7.47 (dd, J = 8.3, 7.3 Hz, 2H), 5.41 (t, J = 7.1 Hz,
1H), 4.96 (dddd, J = 7.7, 6.0, 2.9, 1.4 Hz, 1H), 4.03 (ddt,
J=16.2,7.4,1.0Hz, 1H), 3.86 (ddt, J = 16.1, 6.3, 1.2 Hz,
1H), 2.04 (dt, J = 14.2, 7.2 Hz, 1H), 1.60 — 1.54 (m, 7H),
1.01 (t, J = 7.3 Hz, 3H). ®C{'"H} NMR (151 MHz, CDCl3) &
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197.8, 144.2, 136.1, 135.8, 134.2 (q, J = 33.1 Hz) 133.7,
128.9, 128.6, 128.0, 126.0 (q, J = 3.7 Hz), 123.3 (q, J =
2729 Hz), 120.6, 61.7, 43.4, 25.7, 22.7, 17.9, 11.5.
HRMS calcd for C22H24FsNO3sSNa [(M+Na)]*: 462.1321
found 462.1326
(S)-2-ethyl-3-phenyl-1-((4-(trifluoromethyl)phenyl)sul-
fonyl)-2,5-dihydro-1H-pyrrole (4AFTs)

4FTs (59.6 mg, 136 pumol) was treated according to the
general procedure D The reaction was carried out at 50
°C for 14d with 0.4 equiv of HCI. Flash chromatography
(SiO2 10% EtOAc : 90% Pentane) afforded 4AF™ (9.0 mg,
23.6 pumol, 17%) as white solid. 'H NMR (500 MHz,
CDCl3) 5 8.00 (d, J =8.2 Hz, 2H), 7.77 (d, J = 8.3 Hz, 2H),
7.36 —7.24 (m, 5H), 5.89 (9, J = 2.0 Hz, 1H), 5.13 (tq, J =
4.1, 1.9 Hz, 1H), 4.44 — 4.16 (m, 2H), 2.05 (dtd, J = 14.7,
7.4,4.2Hz, 1H), 1.79 - 1.66 (m, 1H), 0.77 (t, J = 7.3 Hz,
3H). BC{'"H} NMR (151 MHz, CDCl3) 5 141.9, 141.3, 134.6
(g9, J = 33.1 Hz), 132.9, 128.9, 128.59, 127.8, 126.4 (m),
123.3 (q, J = 272.9 Hz), 119.9, 67.9, 56.0, 26.4, 7.3.
HRMS calcd. for C1igH1sFsNO2SNa [(M+Na)]": 404.0903
found 404.0900

(S)-N-(1-oxo-1-phenylbutan-2-yl)-4-(trifluorome-
thyl)benzenesulfonamide (4BF™)

Isolated as a white solid (26.0 mg, 70.0 umol, 51%) 'H
NMR (500 MHz, CDCl3) 5 7.93 —7.88 (m, 2H), 7.74 - 7.70
(m, 2H), 7.62 — 7.57 (m, 3H), 7.45 (dd, J = 8.3, 7.4 Hz,
2H), 5.80 (d, J = 8.6 Hz, 1H), 4.86 (ddd, J = 8.7, 7.2,4.4
Hz, 1H), 1.92 (dqd, J = 14.8, 7.4, 4.4 Hz, 1H), 1.63 (dp, J
=14.6, 7.3 Hz, 1H), 0.93 (t, J = 7.4 Hz, 3H). "*C{'"H} NMR
(151 MHz, CDCl3) & 197.6, 143.6, 134.5, 1345 (q, J =
33.0 Hz), 134.2, 133.7,129.1, 128.4, 127.7,126.3 (q, J =
3.8 Hz), 123.2 (q, J = 273.0 Hz) 58.8, 27.6, 9.3. HRMS
calcd. for Ci7H16F3sNO3sSNa [(M+Na)]*: 394.0695 found
394.0695

1(S)-2-benzyl-3-phenyl-1-((4-(trifluoromethyl)phe-
nyl)sulfonyl)-2,5-dihydro-1H-pyrrole (5AFT™)

5FTs (51.6 mg, 103 pmol) was treated according to the
general procedure D. The reaction was carried out at 50
°C for 14d with 0.4 equiv of HCI. Flash chromatography
(SiO2 10% EtOAc : 90% Pentane) afforded 5AF™ (16.0
mg, 36.1 umol, 35%) as white solid. '"H NMR (600 MHz,
CDCl3) 6 8.01 —7.97 (m, 2H), 7.80 — 7.75 (m, 2H), 7.40 —
7.33 (m, 3H), 7.28 — 7.25 (m, 2H), 7.17 (dd, J = 5.0, 1.9
Hz, 3H), 7.01 —6.98 (m, 2H), 5.67 (dt, J = 2.9, 1.6 Hz, 1H),
5.32 (tdt, J = 5.1, 2.7, 1.3 Hz, 1H), 4.04 (ddd, J = 15.6,
2.6,1.4 Hz, 1H), 3.58 (ddd, J = 15.7,5.1, 1.9 Hz, 1H), 3.36
(dd, J =13.8, 4.8 Hz, 1H), 3.03 (dd, J = 13.8, 2.7 Hz, 1H).
BC{'H} NMR (151 MHz, CDCls) & 141.8, 140.7, 135.9,
134.5 (q, J = 33.0 Hz), 132.9, 130.7, 129.1, 128.6, 126.5
(m), 123.3 (q, J = 273.0 Hz), 121.0, 67.6, 55.7, 39.7.

The spectroscopic data matched those reported in the lit-
erature®

Synthesis of 2 and 2AMs

N-(2-oxo-2-phenylethyl)methanesulfonamide
(2PAPMs)

2-aminoacetophenone hydrochloride (1.00 g, 5.83
mmol)and mesyl chloride (540 pL, 6.98 mmol) were
treated according to the general procedure A. Flash chro-
matography (SiO2 30% EtOAc : 70% cHex) afforded
2PAPMs (800 mg, 3.75 mmol, 64%) as white solid. 'H
NMR (500 MHz, CDClI3) 6 8.00 — 7.91 (m, 2H), 7.68 — 7.63
(m, 1H), 7.55 - 7.49 (m, 2H), 5.34 (s, 1H), 4.68 (d, J = 4.8
Hz, 2H), 3.01 (s, 3H). ®*C{'"H} NMR (126 MHz, CDCls) &
193.4, 134.7, 133.9, 129.2, 128.1, 49.3, 41.0.

The spectroscopic data matched those reported in the lit-
erature®
N-(3-methylbut-2-en-1-yl)-N-(2-oxo0-2-phenylethyl)me-
thanesulfonamide (2V¢)

2PAPYs (400 mg, 1.88 mmol) and prenyl bromide (260 pL,
2.25 mmol) were was treated according to the general
procedure A. Flash chromatography (SiOz2 20% EtOAc :
80% cHex) afforded 2™ (296 mg, 1.05 mmol, 56%) as
pale yellow solid. 1H NMR (500 MHz, CDCls) 6 7.93 —
7.89 (m, 2H), 7.64 — 7.59 (m, 1H), 7.52 — 7.47 (m, 2H),
5.20 (tdt, J = 7.5, 2.9, 1.4 Hz, 1H), 4.76 (s, 2H), 4.02 —
3.96 (m, 2H), 3.09 (s, 3H), 1.70 (q, J = 1.1 Hz, 3H), 1.53
(d, J = 1.4 Hz, 3H). ®C{'H} NMR (126 MHz, CDCls) &
195.6, 139.2, 134.9, 134.1, 129.1, 128.0, 118.8, 51.9,
45.1, 40.3, 25.9, 17.8. HRMS calcd. For C14H1sNO3SNa
[(M+Na)]*: 304.0978 found 304.0979

1-(methylsulfonyl)-3-phenyl-2,5-dihydro-1H-pyrrole
(2A™)

2Ms (45.5 mg, 162 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 50 °C
for 48h. Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 2AMs (9.00 mg, 40.3 umol, 25%) as col-
orless oil: '"H NMR (500 MHz, CDCls) 8 7.41 — 7.29 (m,
5H), 6.14 (p, J = 2.1 Hz, 1H), 4.56 (ddd, J = 4.6, 4.0, 2.0
Hz, 2H), 4.39 — 4.34 (m, 2H), 2.89 (s, 3H)."*C{'H} NMR
(126 MHz, CDCIs) 6§ 137.8, 132.5, 128.9, 128.8, 125.6,
119.1, 55.9, 55.2, 34.8.

The spectroscopic data matched those reported in the lit-
erature’

Synthesis of 3V and 3AMs

methyl N-(3-methylbut-2-en-1-yl)-N-(methylsulfonyl)-
L-alaninate (3ESTMs)

L-alanine (1.33 g, 14.9 mmol) was treated according to
the general procedure B. Flash chromatography (SiO2
20% EtOAc : 80% cHex) afforded 3ESTMs (2.55 g, 10.2
mmol, 68%) colorless oil '"H NMR (500 MHz, CDCls) &
5.24 —5.17 (m, 1H), 4.61 (q, J = 7.3 Hz, 1H), 3.93 — 3.81
(m, 2H), 3.74 (s, 3H), 2.95 (s, 3H), 1.71 (g, J = 1.3 Hz,
3H), 1.66 (d, J = 1.4 Hz, 3H), 1.47 (d, J = 7.3 Hz, 3H).
BC{'"H} NMR (126 MHz, CDCls) & 172.6, 136.0, 120.9,
55.4,52.5,43.5, 40.5, 25.9, 17.9, 16.9. HRMS calcd. For
C1oH19NO4SNa [(M+Na)]*: 272.0927 found 272.0929



(S)-N-(3-methylbut-2-en-1-yl)-N-(1-oxo-1-phenylpro-
pan-2-yl)methanesulfonamide (3"%)

3ESTMs (1.00 g, 4.01 mmol) was treated according to the
general procedure B. Flash chromatography (SiO2 5%
EtOAc : 95% Pentane) afforded 3" (172 mg, 582 pmol,
14%) as colorless oil. '"H NMR (500 MHz, CDCl3) & 8.02 —
7.97 (m, 2H), 7.60 — 7.55 (m, 1H), 7.51 — 7.44 (m, 2H),
5.55 (q, J = 7.1 Hz, 1H), 5.03 (ddq, J = 8.3, 5.6, 1.4 Hz,
1H), 3.94 — 3.78 (m, 2H), 2.84 (s, 3H), 1.63 — 1.57 (m,
6H), 1.49 (d, J = 7.1 Hz, 3H). ®C{'H} NMR (126 MHz,
CDCl3) 6 198.8, 136.4, 135.6, 133.5, 128.8, 128.8, 121.1,
56.6, 43.0, 40.6, 25.8, 17.7, 15.4. HRMS calcd. for
Ci1sH21NOsSNa [(M+Na)]*: 318.1134 found 318.1139
(S)-2-methyl-1-(methylsulfonyl)-3-phenyl-2,5-dihydro-
1H-pyrrole (3AVs)

3Ms (50.0 mg, 169 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 50 °C
for 48h. Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 3AMs (22.0 mg, 92.7 umol, 55%) as col-
orless oil. '"H NMR (500 MHz, CDCls) & 7.41 — 7.28 (m,
5H), 6.05 - 5.98 (m, 1H), 5.08 — 5.00 (m, 1H), 4.39 — 4.25
(m, 2H), 2.86 (s, 3H), 1.45 (d, J = 6.4 Hz, 3H). 3C{'H}
NMR (126 MHz, CDCl3) & 143.9, 132.9, 129.0, 128.6,
126.5, 118.9, 62.9, 54.7, 35.6, 21.7. HRMS calcd for
C12H1sNO2SNa [(M+Na)]*: 260.0717 found 260.0716
(S)-N-(1-oxo-1-phenylpropan-2-yl)methanesulfona-
mide (3BM)

Isolated as a white solid (9.00 mg, 39.6 umol, 23%) 'H
NMR (500 MHz, CDCl3) & 7.99 — 7.95 (m, 2H), 7.65 (ddt,
J=78,7.0, 1.3 Hz, 1H), 7.53 (ddd, J = 7.7, 6.9, 1.1 Hz,
2H), 5.45 (d, J = 8.1 Hz, 1H), 5.15 (dq, J = 8.2, 7.2 Hz,
1H), 2.92 (s, 3H), 1.51 (d, J = 7.2 Hz, 3H). 8C{'H} NMR
(126 MHz, CDCl3) 5 198.6, 134.6, 133.5, 129.3, 128.9,
54.0, 41.9, 21.5. HRMS calcd. for CioH1sNO3sSNa*:
250.0508 found 250.0513

Synthesis of 4V and 4AMs

methyl (S)-2-(N-(3-methylbut-2-en-1-yl)methylsulfon-
amido)butanoate (4ESTVs)

L-2-aminobutyric acid (533 mg, 5.17 mmol) was treated
according to the general procedure B. Flash chromatog-
raphy (SiO2 20% EtOAc : 80% cHex) afforded 4ESTMs
(879 mg, 3.34 mmol, 65%) colorless oil. '"H NMR (500
MHz, CDCls) & 5.23 (ddp, J = 9.3, 6.4, 1.5 Hz, 1H), 4.39
(dd, J = 10.1, 5.5 Hz, 1H), 3.94 — 3.79 (m, 2H), 3.74 (s,
3H), 2.96 (s, 3H), 1.99 (dqd, J = 14.7, 7.4, 5.5 Hz, 1H),
1.78 — 1.69 (m, 4H), 1.66 (d, J = 1.3 Hz, 3H), 1.01 (t, J =
7.4 Hz, 3H). ®C{'"H} NMR (126 MHz, CDCls) & 172.2,
136.1,120.5,61.4,52.4,43.3,40.5, 25.9,23.0, 17.9, 11.0.
HRMS calcd. for Ci11H21NOsSNa [(M+Na)]*: 286.1083
found 286.1085
(S)-N-(3-methylbut-2-en-1-yl)-N-(1-oxo-1-phenyl-
butan-2-yl)methanesulfonamide (4")

4ESTMs (879 mg, 3.34 mmol) was treated according to the
general procedure B. Flash chromatography (SiO2 5%
EtOAc : 95% Pentane) afforded 4™ (81.0 mg, 262 pymol,
8%) as colorless oil. 'H NMR (500 MHz, CDCls) & 8.00 —
7.96 (m, 2H), 7.62 — 7.57 (m, 1H), 7.52 — 7.46 (m, 2H),

5.35 (dd, J = 8.4, 6.2 Hz, 1H), 5.11 (ddp, J =7.6,6.0, 1.4
Hz, 1H), 3.99 (ddt, J = 16.3, 7.8, 0.9 Hz, 1H), 3.87 — 3.78
(m, 1H), 2.76 (s, 3H), 2.02 (dtd, J = 14.6, 7.3, 6.2 Hz, 1H),
1.75 (ddq, J = 14.5, 8.4, 7.3 Hz, 1H), 1.67 — 1.62 (m, 6H),
1.05 (t, J = 7.3 Hz, 3H). ®C{'H} NMR (126 MHz, CDCl3) &
198.7, 136.2, 135.9, 133.7, 129.0, 128.7, 121.15, 61.9,
42.7, 41.0, 25.8, 22.7, 17.9, 11.2. HRMS calcd. for
C16H23NOsSNa [(M+Na)]*: 332.1291 found 332.1294
(S)-2-ethyl-1-(methylsulfonyl)-3-phenyl-2,5-dihydro-
1H-pyrrole (4AMs)

4"s (81.0 mg, 262 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 50 °C
for 48h. Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 4AMs (27.0 mg, 107 umol, 41%) as col-
orless oil. Yield: '"H NMR (500 MHz, CDCl3) & 7.39 — 7.29
(m, 5H), 6.07 (dd, J = 2.5, 1.5 Hz, 1H), 5.10 — 5.06 (m,
1H), 4.36 (ddd, J = 16.0, 2.6, 1.7 Hz, 1H), 4.25 (ddd, J =
16.0, 5.1, 1.9 Hz, 1H), 2.83 (s, 3H), 1.97 (dqd, J = 14.8,
7.4,41Hz, 1H),1.72 (dqd, J = 14.6, 7.3, 4.0 Hz, 1H), 0.83
(t, J = 7.4 Hz, 3H). ®*C{'"H} NMR (126 MHz, CDCl3) &
141.7,132.9, 128.8, 128.5, 126.4, 120.1, 67.4, 55.7, 34.8,
26.3, 7.4. HRMS calcd for CisH17NO2SNa [(M+Na)]*:
274.0872 found 274.0873
(S)-N-(1-oxo-1-phenylbutan-2-yl)methanesulfona-
mide (4BM)

Isolated as a white solid (16.0 mg, 66.3 umol, 25%) 'H
NMR (500 MHz, CDCl3) 6 7.98 — 7.94 (m, 2H), 7.68 — 7.63
(m, 1H), 7.56 — 7.51 (m, 2H), 5.41 (d, J = 8.6 Hz, 1H), 5.02
(ddd, J = 8.6, 7.4, 4.2 Hz, 1H), 2.88 (s, 3H), 1.99 (ddd, J
=14.4,7.3, 4.2 Hz, 1H), 1.66 (dt, J = 14.5, 7.3 Hz, 1H),
0.99 (t, J = 7.4 Hz, 3H)."*C{'"H} NMR (126 MHz, CDCls3) &
198.5, 134.5, 134.0, 129.3, 128.8, 59.4, 41.5, 27.7, 9.5.
HRMS calcd. for C11H1sNOsSNa [(M+Na)]*: 264.0665
found 264.0669

Synthesis of 5 and 5AMs
(S)-N-methoxy-N-methyl-2-(methylsulfonamido)-3-
phenylpropanamide (5WAMs)

L-phenylalanine (2.03 g, 12.3 mmol, 1.0 equiv) was
treated according to the general procedure C. Purification
by flash chromatography (SiO2 40% EtOAc : 60% cHex)
yielded product 5SWAMs as colorless oil (1.40 g, 4.89
mmol, 40%) '"H NMR (500 MHz, CDCls) & 7.38 — 7.21 (m,
5H), 5.25 (d, J =9.6 Hz, 1H), 4.67 (td, J =9.3, 4.7 Hz, 1H),
3.76 (s, 3H), 3.26 (s, 3H), 3.11 (dd, J = 13.5, 4.7 Hz, 1H),
2.79 (dd, J =13.5, 9.1 Hz, 1H), 2.49 (s, 3H). *C{'"H} NMR
(126 MHz, CDCl3) & 171.7, 136.7, 129.8, 128.8, 128.8,
128.8, 127.4, 61.9, 55.4, 41.4, 39.6, 32.4. HRMS calcd.
C12H1sN204SNa [(M+Na)]*: 309.0879 found 309.0885

(S)-N-(1-oxo-1,3-diphenylpropan-2-yl)methanesulfon-
amide (5AKMs)

5WAMs (1.40 g, 4.89 mmol, 1.0 equiv) was treated accord-
ing to the general procedure C. Purification by flash chro-
matography (SiO2 20% EtOAc : 80% cHex) yielded prod-
uct 5AKMs (700 mg, 2.31 mmol, 47%) as white solid. 'H
NMR (500 MHz, CDCl3) 6 8.03 — 7.98 (m, 2H), 7.69 — 7.63
(m, 1H), 7.57 = 7.52 (m, 2H), 7.31 - 7.21 (m, 3H), 7.17 —
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7.12 (m, 2H), 5.38 — 5.29 (m, 2H), 3.26 — 3.18 (m, 1H),
2.94 —2.84 (m, 1H), 2.58 (s, 3H). "*C{'H} NMR (126 MHz,
CDCl3) 6 197.7, 135.6, 134.5, 134.2, 129.8, 129.3, 128.9,
128.8, 127.6, 59.3, 416, 40.5. HRMS calcd.
C16H17NOsSNa [(M+Na)]*: 326.0821 found 326.0825
(S)-N-(3-methylbut-2-en-1-yl)-N-(1-oxo0-1,3-diphe-
nylpropan-2-yl)methanesulfonamide (5"¢)

5AKMs (700 mg, 2.31 mmol, 1.0 equiv) was treated ac-
cording to the general procedure C. Purification by flash
chromatography (SiOz2 10% EtOAc : 90% cHex) yielded
product 5™ as white solid (453 mg, 1.22 mmol, 53%) 'H
NMR (500 MHz, CDCl3) 5 8.03 — 7.97 (m, 2H), 7.58 — 7.51
(m, 1H), 7.47 — 7.41 (m, 2H), 7.34 — 7.27 (m, 4H), 7.20
(ddt, J=8.6,6.3,1.7 Hz, 1H), 5.81 (t, J = 7.4 Hz, 1H), 4.96
(dddd, J = 8.5, 5.6, 2.8, 1.4 Hz, 1H), 3.87 (dt, J=7.1, 1.1
Hz, 2H), 3.42 (dd, J=14.2, 7.1 Hz, 1H), 3.06 (dd, J = 14.2,
7.7 Hz, 1H), 2.43 (s, 3H), 1.67 — 1.58 (m, 6H). "3C{'H}
NMR (126 MHz, CDCIs) 6 197.5, 137.4, 136.7, 135.9,
133.6, 129.7, 128.9, 128.8, 128.8, 127.0, 120.6, 61.4,
428, 41.0, 355, 258, 179. HRMS calcd for
C21H2sNO3SNa [(M+Na)]*:394.1447 found 394.1455
(S)-2-benzyl-1-(methylsulfonyl)-3-phenyl-2,5-dihy-
dro-1H-pyrrole (5AMs)

5Ms (62.5 mg, 168 umol) was treated according to the gen-
eral procedure D. The reaction was carried out at 50 °C
for 48h. Flash chromatography (SiO2 10% EtOAc : 90%
Pentane) afforded 5AMs (33.0 mg, 105 umol, 62%) as col-
orless oil. '"H NMR (500 MHz, CDCls) & 7.47 — 7.33 (m,
5H), 7.18 — 7.13 (m, 3H), 7.04 — 6.98 (m, 2H), 5.86 (q, J
= 2.5, 2.0 Hz, 1H), 5.31 (dd, J = 4.8, 3.2 Hz, 1H), 4.10
(ddd, J = 16.0, 2.7, 1.3 Hz, 1H), 3.55 (ddd, J = 16.0, 5.1,
1.8 Hz, 1H), 3.26 (dd, J = 13.8, 4.8 Hz, 1H), 3.01 (dd, J =
13.7, 3.1 Hz, 1H), 2.81 (s, 3H). *C{'"H} NMR (126 MHz,
CDCl3) 6 141.2, 136.1, 133.1, 130.8, 129.1, 128.6, 127.8,
126.6, 126.5, 121.4, 67.3, 55.5, 39.7, 34.8. HRMS calcd
for C1sH19NO2SNa [(M+Na)]*: 336.1029 found 336.1033

Large scale synthesis of 3A™

Resorcinarene (1.78 g, 1.61 mmol, 0.6 equiv) was
weighed into a pressure vial and chloroform (filtered
through basic aluminum oxide) was added to reach a con-
centration of 25.0 mM regarding resorcinarene. The
capped vial was heated gently with a heatgun until the
suspension turned clear. After cooling to room tempera-
ture, HCI (3.85 mL, 0.14 M, 538 umol, 0.2 equiv) was
added in the form of HCl-saturated chloroform. The sub-
strate 3™ (1.00 g, 2.69 mmol, 1.0 equiv) and filtered chlo-
roform was added to receive a total concentration of 33.1
mM regarding the substrate. The vial was equipped with
a stirring bar and transferred to an oil bath set to 30 °C.
After 24h, the reaction mixture was transferred directly to
the column (SiOz, 100% cHex) and was rinsed with cHex.
The eluent was gradually changed to a mixture of 90%
cHex and 10% EtOAc. 3A™ (646 mg, 2.06 mmol, 77%)
was obtained as a white solid.
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