Supplementary Information (Sl) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2025

Supporting Information

Copper-catalyzed Buchner reaction and phenyl cyclopropanation through diyne

cyclization

Tong Li2% Jia-Juan He, 2} Kai-Yu Fan,? Long-Wu Ye,***¢ Bo Zhou,” and Xin-Qi Zhu*?

2Yunnan Key Laboratory of Modern Separation Analysis and Substance Transformation,
College of Chemistry and Chemical Engineering, Yunnan Normal University, Kunming
650500, China

E-mail: longwuye@xmu.edu.cn, Xingizhu@ynnu.edu.cn

bKey Laboratory of Chemical Biology of Fujian Province, State Key Laboratory of
Physical Chemistry of Solid Surfaces, and College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, China
¢ State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic
Chemistry, Chinese Academy of Sciences, Shanghai 200032, China.

I These authors contributed equally to this work.

Content Page Number
1. General Information 2
2. More Reaction Condition and Scope Studies 3
3. Preparation of Starting Materials 6
4. General Procedures 37
5. Crystal Data 68
6. HPLC Chromatograms 70
7. NMR Spectra 72


mailto:longwuye@xmu.edu.cn
mailto:xinqizhu@ynnu.edu.cn

1. General Information

Ethyl acetate (ACS grade), hexanes (ACS grade) and anhydrous 1,2-dichloroethane
(ACS grade) were obtained commercially and used without further purification.
Methylene chloride, tetrahydrofuran and diethyl ether were purified according to standard
methods unless otherwise noted. Commercially available reagents were used without
further purification. Reactions were monitored by thin layer chromatography (TLC) using
silicycle pre-coated silica gel plates. Flash column chromatography was performed over
silica gel (300-400 mesh). Infrared spectra were recorded on a Nicolet AVATER FTIR330
spectrometer as thin film and are reported in reciprocal centimeter (cm™). Mass spectra
were recorded with Micromass QTOF2 Quadrupole/Time-of-Flight Tandem mass
spectrometer using electron spray ionization.

'H NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker AV-
500 spectrometer in chloroform-ds. Chemical shifts are reported in ppm with the internal
TMS signal at 0.0 ppm as a standard. The data is being reported as (s = singlet, d =
doublet, t = triplet, m = multiplet or unresolved, brs = broad singlet, coupling constant(s)
in Hz, integration).

13C NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker AV-
500 spectrometer in chloroform-ds. Chemical shifts are reported in ppm with the internal

chloroform signal at 77.0 ppm as a standard.



2. More Reaction Condition and Scope Studies

2.1 Screening of reaction conditions for the copper-catalyzed phenyl cyclopropanation

reaction.?
Ts

l\ll catalyst (10 mol %)

Z NaBAr", (12 mol %)

| | (+)-BINAP (12 mol %

Ph Ph solvent, 40 °C
PMP
3a 4a
Entry Catalyst Reaction conditions  Yield (%)b

1 Cu(CH;CN),PFs  toluene, 48 h 50
2 Cu(CH;CN),PFs  DCE, 48 h 45
3 Cu(CH3;CN),PFs;  DCM, 48 h 73
4 Cu(CH;CN),PFs  THF, 48 h <5
5 Cu(CH;CN),BF,  DCM, 48 h 78
6 Cu(OTf), DCM, 48 h <5
7 Cu(PPhs),BH, DCM, 48 h <5
8 CuCl,*2H,0 DCM, 48 h <5
9 Cul DCM, 72 h 68
10 CuBr DCM, 72 h 30
1 CucCl DCM, 53 h 95
12¢9  CuCl DCM 48 h 15
13¢ CuCl DCM, 48 h 18
149 CuCl DCM, 48 h 42

@ Reaction conditions: 1 (0.05 mmol), [cat.] (0.005 mmol), (*)-
BINAP (0.006 mmol), NaBArF4 (0.006 mmol), solvent (1 mL), 40 °
C, 48-72 h. P Measured by 'H NMR using diethyl phthalate as
internal standard. ¢ Without ligand. ¢ Without NaBArF,. PMP = 4-
methoxyphenyl, NaBAr", = sodium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate, DCM = dichloromethane.



2.2 Screening of chiral ligands for the asymmetric Buchner reaction.
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2.3 Screening of chiral ligands for the asymmetric phenyl cyclopropanation reaction.
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2.4 The reaction of 3-bromophenyl-substituted diyne lab under the standard reaction

conditions only gave a complex mixture and no desired product was obtained.

Ts
N
4 CuCl (10 mol %)
NaBAr, (12 mol %)
Br | complex mixture
(+)-SEGPHOS (12 mol %)
PMP DCM, 40 °C, 4 d

1ab

2.5 The reaction of 3-fluorophenyl-substituted diyne 3y under the standard reaction

conditions only gave a complex mixture and no desired product was obtained.

CuClI (10 mol %)
‘ ‘ NaBAr", (12 mol %)

> complex mixture
PMP BINAP (12 mol %)
DCM, 40 °C, 3d




3. Preparation of Starting Materials

General procedure for the preparation of diynes 1:

CBr4 (2 equiv) Br KOH (45 equiv)
/©/\/\ PPhs (4 equiv) N BnEt;NCI (0.9 equiv)
CH,Cly, 0°C-rt, 1h R Br CH,Cl,, 0 °C-rt, 24 h
/—=Ar IIDG
PGHN N
(1.0 equiv) 4
CuBr (0.25 equiv)
DMEDA (1 equiv) I
K3PO4 (4 equiv) Ar
toluene, 60 °C, 5 h R

1, 46-76% (3 steps)
To a solution of PPhs (21.0 g, 80 mmol) in CH.Cl, (25 mL) was added CBrs4 (13.3 g, 40
mmol) at 0 <T. The mixture was stirred at 0 <C for 30 min, followed by adding the
corresponding aldehyde (20 mmol). Then the reaction mixture was stirred at room
temperature for 1 h. Upon completion, the reaction mixture was diluted with petroleum
ether, and filtered through a pad of silica gel. The filtrate was concentrated under reduced
pressure, and purified by column chromatography on silica gel (eluent: petroleum ether) to
afford the desired product.
To a solution of the above dibromoalkene (10 mmol) and benzyltriethylammonium
chloride (2.0 g, 9 mmol) in CH2Cl> (25 mL) was added a 10% aqueous solution of KOH
(25.8 g solution, 450 mmol KOH) at 0 <C. The mixture was stirred at 0 <C for 30 min, and
further stirred at room temperature 24 h. Upon completion, the reaction mixture was
extracted with CH2Cly, dried over Na>SOs, filtered and concentrated in vacuo. The desired
alkynyl bromide product was used in the next step without further purification.
To a solution of the above alkynyl bromide (1.2 mmol) in toluene (6 mL) were added
copper bromide (0.25 mmol, 0.036 g), DMEDA (1.0 mmol, 0.107 mL), K3PO4 (4.0 mmol,
0.849 g) and protected propargylamide derivative (1.2 mmol). The reaction was stirred at
60 <C for 5 h and the progress of the reaction was monitored by TLC. Upon completion,
the solution was filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent: hexanes/EtOAc) to afford the
desired diyne 1 in 46-76% yields.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1a)



la

The compound was isolated in 73% yield according to the general procedure. Yellow solid.
M.p = 75— 76 °C. 'H NMR (500 MHz, CDCl3) & 7.77 (d, J = 8.0 Hz, 2H), 7.24 — 7.16 (m,
7H), 7.11 — 7.07 (m, 2H), 6.79 — 6.75 (m, 2H), 4.39 (s, 2H), 3.79 (s, 3H), 2.81 (t, /= 7.0
Hz, 2H), 2.59 (t, J = 7.5 Hz, 2H), 2.36 (s, 3H); *C NMR (125 MHz, CDCl;) & 159.7,
144.4, 140.5, 134.5, 133.1, 129.4, 128.5, 128.3, 128.1, 126.2, 114.2, 113.7, 86.0, 80.1,
73.6, 70.0, 55.3, 42.8, 35.2, 21.5, 20.6; IR (neat): 3055, 2987, 2307, 1509, 1428, 1266,
894, 736; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C27H25NaO3S™ 466.1447; Found
466.1444.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-
yl)methanesulfonamide (1b)

1b

The compound was isolated in 69% yield according to the general procedure. Pale yellow
oil. '"H NMR (500 MHz, CDCl3) § 7.36 (d, J= 9.0 Hz, 2H), 7.29 — 7.12 (m, 5H), 6.85 (d, J
=9.0 Hz, 2H), 4.40 (s, 2H), 3.79 (s, 3H), 3.02 (s, 3H), 2.84 (t, /= 7.0 Hz, 2H), 2.62 (t, J =
7.0 Hz, 2H); C NMR (125 MHz, CDCls) & 160.1, 140.4, 133.3, 128.5, 128.3, 126.2,
114.0, 113.8, 86.4, 80.4, 73.4, 70.3, 55.3, 42.8, 37.9, 35.0, 20.5; IR (neat): 3053, 2986,
2330, 1607, 1509, 1032, 835, 741, 736; HRMS (ESI/QTOF) m/z: [M + Na]* Caled for
C21H21NNaO3S™ 390.1134; Found 390.1130.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-yl)ethanesulfonamide
(1c)



1c

The compound was isolated in 68% yield according to the general procedure. Pale yellow
oil. '"H NMR (500 MHz, CDCLz) & 7.37 (d, J = 8.5 Hz, 2H), 7.28 — 7.20 (m, 4H), 7.20 —
7.14 (m, 1H), 6.85 (d, J = 8.5 Hz, 2H), 4.42 (s, 2H), 3.81 (s, 3H), 3.22 (q, J = 14.5 Hz,
2H), 2.84 (t, J = 7.0 Hz, 2H), 2.62 (t, J = 7.0 Hz, 2H), 1.40 (t, J = 7.0 Hz, 3H); 3C NMR
(125 MHz, CDCl3) 6 160.0, 140.5, 133.3, 128.5, 128.3, 126.2, 114.0, 86.2, 80.9, 73.5, 70.0,
55.3, 46.3, 42.5, 35.1, 20.6, 7.7; IR (neat): 3056, 2988, 2306, 1423, 1266, 896, 750, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for CzH23sNNaO3S* 404.1291; Found
404.1293.

N-(3-(4-ethoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1d)

OEt
1d

The compound was isolated in 70% yield according to the general procedure. Yellow solid.
M.p = 77 — 78 °C."H NMR (400 MHz, CDCl3) & 7.77 (d, J = 8.4 Hz, 2H), 7.26 — 7.15 (m,
7H), 7.07 (d, J = 8.8 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 4.00 (q, J = 6.8 Hz,
2H), 2.80 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.35 (s, 3H), 1.40 (t, J = 6.8 Hz, 3H);
13C NMR (100 MHz, CDCls) & 159.1, 144.3, 140.5, 134.4, 133.1, 129.4, 128.4, 128.3,
128.1, 126.1, 114.2, 114.0, 86.1, 80.0, 73.6, 70.0, 63.5, 42.8, 35.2, 21.5, 20.6, 14.7; IR
(neat): 3054, 2986, 2359, 1733, 1170, 741, 736, 705; HRMS (ESI/QTOF) m/z: [M + Na]*
Calcd for C2sH27NNaO3S* 480.1604; Found 480.1600.



N-(3-(4-(benzyloxy)phenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1e)

OBn
le

The compound was isolated in 89% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.4 Hz, 2H), 7.43 — 7.28 (m, 5H), 7.26 —
7.13 (m, 7H), 7.07 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 5.04 (s, 2H), 4.38 (s, 2H),
2.79 (t, J = 7.2 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.32 (s, 3H); *C NMR (100 MHz,
CDCIls) 6 158.8, 144.3, 140.5, 136.4, 134.4, 133.1, 129.3, 128.6, 128.4, 128.2, 128.1,
128.0, 127.3, 126.1, 114.6, 114.4, 85.9, 80.1, 73.5, 70.0, 69.9, 42.7, 35.1, 21.5, 20.5; IR
(neat): 3056, 2988, 2307, 1509, 1266, 742, 737, 706; HRMS (ESI/QTOF) m/z: [M + Na]*
Calcd for CasH290NNaOsS* 542.1760; Found 542.1761.

N-(3-(4-((tert-butyldimethylsilyl)oxy)phenyl)prop-2-yn-1-yl)-4-methyl-N-(4-
phenylbut-1-yn-1-yl)benzenesulfonamide (1f)

OTBS
1f
The compound was isolated in 45% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) 8 7.77 (d, J = 8.4 Hz, 2H), 7.26 — 7.15 (m, 7H), 7.03 (d, J
— 8.4 Hz, 2H), 6.71 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J =
7.2 Hz, 2H), 2.36 (s, 3H), 0.97 (s, 9H), 0.19 (s, 6H); 3C NMR (100 MHz, CDCls) § 156.1,
144.3, 140.6, 134.5, 133.1, 129.4, 128.5, 128.3, 128.2, 126.2, 119.9, 114.9, 86.1, 80.2,
73.6, 70.0, 42.8, 35.2, 25.6, 21.6, 20.6, 18.2, -4.4; IR (neat): 3055, 2987, 2306, 1508, 897,



741, 736, 706; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C32H37NNaOsSSi* 566.2156;
Found 566.2152.

4-methyl-N-(3-(4-phenoxyphenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (19)

OPh
19

The compound was isolated in 74% yield according to the general procedure. Yellow solid.
M.p = 96-97 °C. 'H NMR (400 MHz, CDCls) § 7.79 — 7.75 (d, J = 8.0 Hz, 2H), 7.39 —
7.32 (m, 2H), 7.27 — 7.08 (m, 10H), 7.00 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H),
4.40 (s, 2H), 2.81 (t, J=7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H); '3C NMR (100
MHz, CDCls) 6 157.8, 156.2, 144.4, 140.5, 134.4, 133.2, 129.9, 129.4, 128.4, 128.3, 128.1,
126.2, 123.9, 119.4, 118.0, 116.6, 85.6, 80.8, 73.5, 70.1, 42.7, 35.2, 21.6, 20.6; IR (neat):
3055, 2987, 2306, 1504 1422, 1169, 896, 737; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd
for C32H27NNaOsS* 528.1604; Found 528.1600.

N-(3-(4-ethylphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1h)

1h
The compound was isolated in 61% yield according to the general procedure. Yellow solid.
M.p =73 — 74 °C. 'TH NMR (400 MHz, CDCl3) §7.77 (d, J = 8.0 Hz, 2H), 7.27 — 7.14 (m,
7H), 7.08 — 7.01 (m, 4H), 4.40 (s, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H),



2.35 (s, 3H), 2.32 (s, 3H); '3C NMR (100 MHz, CDCls) & 144.4, 140.5, 138.6, 134.4,
1315, 129.4, 128.8, 128.4, 128.3, 128.1, 126.1, 119.0, 86.2, 80.7, 73.5, 70.0, 42.7, 35.2,
215, 21.4, 20.6; IR (neat): 3054, 2986, 2305, 1509, 1265, 896, 741, 736; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for Co7H2sNNaO2S* 450.1498; Found 450.1495.

N-(3-(4-ethylphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1i)

Et
1i

The compound was isolated in 88 % yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCLs) & 7.77 (d, J = 8.4 Hz, 2H), 7.26 — 7.14 (m, 7H), 7.10 —
7.03 (m, 4H), 4.40 (s, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.67 — 2.55 (m, 4H), 2.34 (s, 3H), 1.21
(t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3) & 144.9, 144.4, 140.5, 134.4, 131.6,
129.4, 128.4, 128.3, 128.1, 127.6, 126.1, 119.3, 86.2, 80.7, 73.6, 70.0, 42.7, 35.2, 28.7,
21.5, 20.6, 15.3; IR (neat): 3055, 2987, 2306, 1423, 1266, 896, 748, 737; HRMS
(ESI/QTOF) m/z: [M +Na]" Calcd for C2sH27NNaO,S*™ 464.1655; Found 464.1657.

N-(3-(4-(dimethylamino)phenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1j)

1



The compound was isolated in 87% yield according to the general procedure. Yellow solid.
M.p = 111 — 112 °C. '"H NMR (500 MHz, CDCl3) 6 7.77 (d, J = 8.5 Hz, 2H), 7.25 — 7.18
(m, 7H), 7.04 (d, J = 9.0 Hz, 2H), 6.55 (d, J = 9.0 Hz, 2H), 4.40 (s, 2H), 2.96 (s, 6H), 2.80
(t, J=7.5 Hz, 2H), 2.58 (t, J = 7.5 Hz, 2H), 2.37 (s, 3H); '*C NMR (125 MHz, CDCls) &
150.6, 144.7, 141.0, 134.9, 133.2, 129.8, 128.9, 128.7, 128.5, 126.5, 111.9, 109.3, 87.6,
79.5, 74.1, 70.4, 43.4, 40.5, 35.6, 21.9(9), 21.9(6), 21.1; IR (neat): 2358, 2250, 1652, 1539,
1361, 1167, 814, 666, 579, 544; HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for
C23H28N2Na0>S* 479.1764; Found 479.1761.

N-(3-(4-(dibenzylamino)phenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1k)

1k

The compound was isolated in 48% vyield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCls) & 7.75 (d, J = 7.6 Hz, 2H), 7.36 — 7.29 (m, 4H), 7.27 —
7.12 (m, 13H), 6.95 (d, J = 8.0 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 4.64 (s, 4H), 4.37 (s,
2H), 2.79 (t, J = 7.2 Hz, 2H), 2.61 (t, J = 7.2 Hz, 2H), 2.29 (s, 3H); 3C NMR (100 MHz,
CDCIl3) 6 149.0, 144.3, 140.6, 137.8, 134.5, 132.9, 129.3, 128.7, 128.5, 128.3, 128.1,
127.1, 126.4, 126.1, 111.8, 109.6, 86.9, 79.2, 73.6, 69.9, 54.1, 43.0, 35.2, 21.5, 20.6; IR
(neat): 3604, 3030, 2926, 2253, 2216, 1521, 1363, 815, 736, 698; HRMS (ESI/QTOF) m/z:
[M + Na]" Calcd for CaoH3sN2NaO,S*™ 631.2390; Found 631.2392.

4-methyl-N-(3-(4-(methylthio)phenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (11)



SMe
1l
The compound was isolated in 57% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) § 7.76 (d, J = 8.4 Hz, 2H), 7.24 — 7.17 (m, 7H), 7.13 —
7.01 (m, 4H), 4.40 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2Hz, 2H), 2.46 (s, 3H),
2.36 (s, 3H); '3C NMR (100 MHz, CDCls) § 144.4, 140.5, 139.8, 134.4, 131.9, 129.4,
128.4, 128.3, 128.1, 126.2, 125.6, 118.4, 85.8, 81.5, 73.5, 70.1, 42.7, 35.2, 21.6, 20.6,
15.3; IR (neat): 3056, 2988, 2306, 1423, 1366, 1171, 896, 748, 742, 706; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C27H25sNNaO2S," 482.1219; Found 482.1216.

4-methyl-N-(4-phenylbut-1-yn-1-yl)-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide
(Im)

1m

The compound was isolated in 76% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCl3) & 7.77 (d, J = 8.4 Hz, 2H), 7.32 — 7.10 (m, 12H), 4.41 (s,
2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.34 (s, 3H); '*C NMR (100 MHz,
CDCl3) 6 144.4, 140.5, 134.4, 131.6, 129.4, 128.5, 128.4, 128.3, 128.1(3), 128.0(7), 126.2,
122.1, 86.0, 81.5, 73.5, 70.1, 42.7, 35.2, 21.5, 20.6; IR (neat): 3055, 2987, 2305, 2256,
1365, 1266, 1170, 896, 737, 705; HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for
Ca26H23NNaO2S* 436.1342; Found 436.1340.

N-(3-(4-fluorophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1n)



1In

The compound was isolated in 78% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) §7.76 (d, J = 8.0 Hz, 2H), 7.28 — 7.15 (m, 7H), 7.15 —
7.09 (m, 2H), 6.98 — 6.90 (m, 2H), 4.39 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J= 7.2
Hz, 2H), 2.35 (s, 3H); '*C NMR (100 MHz, CDCls) & 162.5 (d, J = 250.1 Hz), 144.4,
140.5, 134.4, 1335 (d, J = 8.4 Hz), 129.4, 128.4, 128.3, 128.1, 126.2, 118.2 (d, J = 3.5
Hz), 115.4 (d, J = 22.1 Hz), 85.0, 81.3, 73.5, 70.1, 42.6, 35.2, 21.5, 20.6; °F NMR (471
MHz, CDCl3) 6 -110.2; IR (neat): 3056, 2989, 2687, 1603, 1423, 1367, 896, 839, 748, 737,
HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for CasH22FNNaO,S* 454.1247; Found
454.1245.

N-(3-(4-chlorophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (10)

Cl
1o
The compound was isolated in 71% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCl3) § 7.75 (d, J = 8.4 Hz, 2H), 7.26 — 7.15 (m, 9H), 7.05 (d, J
= 8.4 Hz, 2H), 4.38 (s, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.35 (s, 3H);
13C NMR (100 MHz, CDCl3) § 144.4, 140.4, 134.5, 134.3, 132.8, 129.4, 128.4, 128.2,
128.1, 126.1, 120.5, 84.9, 82.5, 73.5, 70.1, 42.6, 35.1, 21.5, 20.5; IR (neat): 3054, 2987,
2307, 1422, 1366, 1265, 1170, 1090, 896, 736, 706; HRMS (ESI/QTOF) m/z: [M + Na]*
Calcd for C26H22CINNaO2S*™ 470.0952; Found 470.0945.



N-(3-(4-bromophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1p)

Br
1p
The compound was isolated in 78% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCls) § 7.76 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.27
—7.15 (m, 7H), 6.98 (d, J = 8.4 Hz, 2H), 4.38 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (¢, J =
7.2 Hz, 2H), 2.36 (s, 3H); '3C NMR (100 MHz, CDCls) & 144.5, 140.5, 134.4, 133.0,
131.4, 129.4, 128.4, 128.3, 128.1, 126.2, 122.8, 121.0, 85.0, 82.8, 73.5, 70.1, 42.6, 35.1,
21.6, 20.5; IR (neat): 3056, 2989, 2307, 1423, 1266, 897, 742, 737, 706; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C26H22BrNNaO2S* 514.0447; Found 514.0044.

methyl 4-(3-((4-methyl-N-(4-phenylbut-1-yn-1-yl)phenyl)sulfonamido)prop-1-yn-1-
yl)benzoate (1q)

COOMe
1q
The compound was isolated in 60% yield according to the general procedure. Pale yellow
oil. "HNMR (400 MHz, CDCl3) & 7.92 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.28
— 7.12 (m, 9H), 4.42 (s, 2H), 3.91 (s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.60 (t, J = 7.2 Hz,
2H), 2.34 (s, 3H); '*C NMR (100 MHz, CDCls) § 166.3, 144.5, 140.4, 134.3, 131.5, 129.4,
129.2,128.4,128.3, 128.1, 126.7, 126.2, 85.2, 84.5, 73.4, 70.2, 52.2, 42.6, 35.1, 21.5, 20.5;



IR (neat): 3056, 2987, 2307, 1438, 1266, 897, 742, 732, 706; HRMS (ESI/QTOF) m/z: [M
+ Na]* Calcd for C2sH2sNNaO4S* 494.1397; Found 494.1395.

N-(3-(3-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1r)

OMe
1r

The compound was isolated in 69% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCls) 8 7.77 (d, J = 8.4 Hz, 2H), 7.24 — 7.13 (m, 8H), 6.87 —
6.82 (m, 1H), 6.76 — 6.66 (m, 2H), 4.40 (s, 2H), 3.76 (s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.59
(t,J=7.2 Hz, 2H), 2.36 (s, 3H); 3*C NMR (100 MHz, CDCl3) & 159.1, 144.5, 140.5, 134.4,
129.4,129.2, 128.4, 128.3, 128.1, 126.2, 124.1, 123.1, 117.0, 114.6, 86.0, 81.3, 73.5, 70.1,
55.2, 42.7, 35.2, 21.5, 20.6; IR (neat): 3056, 2988, 2306, 1423, 1266, 896, 742, 737, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for Cz7H2sNNaOsS* 466.1447; Found
466.1445.

4-methyl-N-(4-phenylbut-1-yn-1-yI)-N-(3-(m-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (1s)

1s
The compound was isolated in 80% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) 8 7.77 (d, J = 8.4 Hz, 2H), 7.24 — 7.07 (m, 9H), 6.97 —
6.93 (d, J = 8.4 Hz, 2H), 4.40 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H),
2.35 (s, 3H), 2.29 (s, 3H); '3C NMR (100 MHz, CDCls) & 144.4, 140.5, 137.7, 134.4,
132.1, 129.4(0), 129.3(6), 128.7, 128.4, 128.3, 128.1, 128.0, 126.1, 121.9, 86.2, 81.1, 73.5,



70.1, 42.7, 35.2, 21.5, 21.2, 20.6; IR (neat): 3056, 2988, 2306, 1423, 1266, 1051, 896, 737,
706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C27H2sNNaO2S* 450.1498; Found
450.1495.

N-(3-(3-bromophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1t)

Br
1t
The compound was isolated in 58% yield according to the general procedure. Pale yellow
oil. "H NMR (400 MHz, CDCls) & 7.76 (d, J = 8.4 Hz, 2H), 7.44 — 7.40 (m, 1H), 7.26 —
7.16 (m, 8H), 7.15 — 7.06 (m, 2H), 4.40 (s, 2H), 2.82 (t, J = 7.2 Hz, 2H), 2.61 (t, J= 7.2
Hz, 2H), 2.39 (s, 3H); 3*C NMR (100 MHz, CDCl3) § 144.6, 140.4, 134.4, 131.7, 130.1,
129.6, 129.4, 128.4, 128.3, 128.2, 126.2, 124.0, 121.8, 84.4, 82.9, 73.4, 70.1, 42.6, 35.1,
21.6, 20.5; IR (neat): 3064, 2924, 2256, 1496, 1169, 1090, 1050, 785; HRMS (ESI/QTOF)
m/z: [M + Na]* Calcd for C26H22BrNNaO2S* 514.0447; Found 514.0446.

N-(3-(3,4-dimethoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1u)

OMe
OMe

1u
The compound was isolated in 52% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCls) § 7.77 (d, J = 8.4 Hz, 2H), 7.27 — 7.15 (m, 7H), 6.81 —
6.72 (m, 3H), 4.40 (s, 2H), 3.87 (s, 3H), 3.82 (s, 3H), 2.81 (t,J = 7.2 Hz, 2H), 2.59 (t, J =
7.2 Hz, 2H), 2.36 (s, 3H); 1*C NMR (100 MHz, CDCl3) § 149.7, 148.4, 144.3, 140.5,



134.4,129.3, 128.4, 128.3, 128.1, 126.2, 125.1, 114.4, 114.3, 110.8, 86.1, 80.0, 73.6, 70.1,
55.9, 42.8, 35.2, 21.6, 20.6; IR (neat): 3056, 2987, 2360, 1365, 1266, 896, 747, 742, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for CzsH27NNaOsS*™ 496.1553; Found
496.1550.

N-(3-(4-methoxy-3-methylphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-
yl)benzenesulfonamide (1v)

OMe
1v

The compound was isolated in 77% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCl3) & 7.77 (d, J = 8.0 Hz, 2H), 7.27 — 7.14 (m, 7H), 7.03 —
6.98 (m, 1H), 6.92 (s, 1H), 6.68 (d, J = 8.8 Hz, 1H), 4.39 (s, 2H), 3.81 (s, 3H), 2.80 (t, J =
7.2 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H), 2.15 (s, 3H); '3C NMR (100 MHz,
CDCIl3) 6 158.0, 144.3, 140.5, 134.5, 133.8, 130.7, 129.4, 128.4, 128.3, 128.1, 126.5,
126.1, 113.6, 109.5, 86.3, 79.6, 73.6, 70.0, 55.3, 42.8, 35.2, 21.6, 20.6, 16.0; IR (neat):
3057, 2927, 2231, 1503, 1266, 814, 742, 737, 704; HRMS (ESI/QTOF) m/z: [M + Na]*
Calcd for C2gH27NNaOsS* 480.1604; Found 480.1611.

N-(3-(benzo[d][1,3]dioxol-5-yl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1w)

1w



The compound was isolated in 75% yield according to the general procedure. Yellow solid.
M.p =72 - 73 °C. '"H NMR (400 MHz, CDCl3) §7.76 (d, J = 8.4 Hz, 2H), 7.27 — 7.14 (m,
7H), 6.67 (d, J = 0.8 Hz, 2H), 6.51 (s, 1H), 5.93 (s, 2H), 4.37 (s, 2H), 2.80 (t, J = 7.2 Hz,
2H), 2.59 (t, J = 7.2 Hz, 2H), 2.37 (s, 3H); '*C NMR (100 MHz, CDCl;) & 148.0, 147.1,
144.4, 140.5, 134.4, 129.4, 128.4, 128.2, 128.1, 126.2, 126.1, 115.2, 111.6, 108.1, 101.3,
85.9, 79.8, 73.5, 70.0, 42.7, 35.1, 21.5, 20.5; IR (neat): 3057, 2988, 2386, 1599, 1491,
1266, 896, 742, 737, 706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C27H23NNaO4S*
480.1240; Found 480.1241.

4-methyl-N-(4-phenylbut-1-yn-1-yl)-N-(3-(thiophen-2-yl)prop-2-yn-1-

)/II

S

yl)benzenesulfonamide (1x)

Ph

1x

The compound was isolated in 58% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCls) & 7.76 (d, J = 8.4 Hz, 2H), 7.28 — 7.14 (m, 8H), 7.00 (d, J
= 2.8 Hz, 1H), 6.94 — 6.89 (m, 1H), 4.42 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2
Hz, 2H), 2.38 (s, 3H); *C NMR (100 MHz, CDCls) & 144.5, 140.5, 134.2, 132.5, 129.5,
128.5, 128.3, 128.1, 127.4, 126.8, 126.2, 122.0, 85.4, 79.4, 73.5, 70.2, 42.8, 35.2, 21.6,
20.6; IR (neat): 3096, 2932, 2307, 1606, 1369, 1249, 834, 728, 700, 672; HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for C24H21NNaO2S," 442.0906; Found 442.0904.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-(p-tolyl)but-1-yn-1-

yl)benzenesulfonamide (1y)

ly



The compound was isolated in 46% yield according to the general procedure. Pale yellow
oil. *H NMR (400 MHz, CDCl3) § 7.78 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.12
—7.01 (m, 6H), 6.77 (d, J = 8.8 Hz, 2H), 4.40 (s, 2H), 3.79 (s, 3H), 2.80 — 2.74 (t, J = 7.2
Hz, 2H), 2.56 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCls)
5 159.7, 144.3, 137.5, 135.6, 134.5, 133.1, 129.4, 129.0, 128.3, 128.2, 114.3, 113.7, 86.0,
80.1, 73.5, 70.2, 55.3, 42.8, 34.8, 21.6, 21.0, 20.7; IR (neat): 3056, 2988, 2307, 1511,
1266, 897, 747, 742, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C2sH27NNaOsS*
480.1604; Found 480.1602.

N-(4-(4-fluorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-
methylbenzenesulfonamide (1z)

1z
The compound was isolated in 44% yield according to the general procedure. Pale yellow
oil. "H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.17
—7.05 (m, 4H), 6.90 — 6.83 (m, 2H), 6.78 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.80 (s, 3H),
2.76 (t, J = 7.2 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 2.37 (s, 3H); '3C NMR (100 MHz,
CDCl3) 6 161.4 (d, J = 242.0 Hz), 159.8, 144.4, 136.1 (d, J = 3.1 Hz), 134.5, 133.1, 129.9
(d, J=8.0 Hz), 129.4, 128.1, 115.0 (d, J = 21.1 Hz), 114.1, 113.8, 86.0, 80.0, 73.8, 69.7,
55.3,42.8, 34.2, 21.5, 20.8; °F NMR (471 MHz, CDCl3) § -117.1; IR (neat): 3053, 2986,
2305, 1421, 1265, 1033, 896, 834, 737; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
Co7H24FNNaOsS™ 484.1353; Found 484.1345.

N-(4-(4-bromophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-
methylbenzenesulfonamide (1aa)

Br



laa
The compound was isolated in 46% yield according to the general procedure. Pale yellow
oil. "H NMR (400 MHz, CDCl3) & 7.74 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.22
(d, J = 8.4 Hz, 2H), 7.11 — 7.02 (m, 4H), 6.79 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.80 (s,
3H), 2.74 (t, J = 7.2 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.38 (s, 3H); *C NMR (100 MHz,
CDCl3) & 159.8, 1445, 139.4, 134.5, 133.1, 131.3, 130.3, 129.4, 128.1, 120.0, 114.1,
113.8, 86.0, 80.0, 73.9, 69.5, 55.3, 42.8, 34.4, 21.6, 20.4; IR (neat): 3056, 2986, 2256,
1490, 1266, 897, 834, 737, 706; HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for
C27H24BrNNaO3S* 544.0552; Found 544.0550.

N-(4-(3-bromophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-
methylbenzenesulfonamide (1ab)

Br ||

1ab

The compound was isolated in 35% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCl3) § 7.76 (d, J = 8.4 Hz, 2H), 7.35 — 7.29 (m, 2H), 7.23 (d, J
= 8.0 Hz, 2H), 7.16 — 7.04 (m, 4H), 6.78 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.80 (s, 3H),
2.77 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 6.8 Hz, 2H), 2.37 (s, 3H); *C NMR (100 MHz,
CDCI3) 6 159.7, 144.4, 142.8, 134.4, 133.1, 131.5, 129.9, 129.4, 129.3, 128.1, 127.2,
122.3, 114.2, 113.7, 86.1, 80.0, 74.0, 69.5, 55.3, 42.8, 34.7, 21.6, 20.4; IR (neat): 2928,
2836, 2250, 1605, 1566, 1425, 1168, 832, 799, 778, 689, 582, 545; HRMS (ESI/QTOF)
m/z: [M + Na]* Calcd for C27H24BrNNaOsS*™ 544.0552; Found 544.0551.

General procedure for the preparation of diynes 3:



O (1 5 equw) AgNO3 (10 mol % —
1 Zn (3 equiv), THF O O NBS (1.2 equiv) O O
R N, 70°C,13h R! R! acetone rt, 4 h

. PG
Br S N
= PGHN (0.5 equiv) Z
Et3SiH (2 equiv) CuBr (0.5 equiv)

BF3 Etzo 0 5 eqUIV DMEDA (1 eqU|V) R2
DCM,0°C, 1h K3POy4 (4 equiv)
R! R!
toluene, Ny, rt, 5 h

67-75% 3, 40-65%

Under N atmosphere, zinc (3.9 g, 60 mmol) was suspended in dry THF (10 mL), and
propargyl bromide (2.58 mL, 30 mmol) was added into the mixture dropwise at 0 °C. The
reaction mixture was stirred for additional 1 h. Then, a solution of benzophenone
derivative (20 mmol) in dry THF (10 mL) was added. The mixture was stirred at 70 °C for
13 h. Upon completion, the reaction was quenched with saturated aqueous NH4Cl (20
mL). The mixture was then extracted with EtOAc (10 mL) for three times. The combined
organic phase was washed with brine, dried over MgSOQs, filtered, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography on silica
gel (eluent: hexanes/EtOAC) to give the desired propargyl alcohol in 69-80 % yields.

To a solution of propargyl alcohol (10 mmol) in acetone (20 mL) were added NBS (12
mmol, 2.1 g) and AgNO;3; (1 mmol, 0.17 g) at room temperature. Then, the reaction
mixture was stirred at room temperature for 4 h. Upon completion, the mixture was
filtered through a pad of celite and concentrated under reduced pressure. The crude
alkynyl bromide was used in the next step without further purification (82-99% yields).

To a solution of above alkynyl bromide (3.0 g, 10 mmol) in CH2Cl> (10 mL) was added
triethylsilane (3.2 mL, 20 mmol) at room temperature. The reaction mixture was cooled to
0 °C before the addition of boron trifluoride diethyl etherate (0.62 mL, 5 mmol). After
stirring for 1 h at 0 °C, the reaction was quenched with saturated aqueous NaHCOs3 (2
mL), extracted with CH.Cl,, washed with water, dried over Na»SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(eluent: hexanes/EtOAC) to afford the desired product in 67-75% yields.

To a solution of the above product (1 mmol) in toluene (6 mL) were added copper
bromide (0.5 mmol, 72 mg), DMEDA (1.0 mmol, 0.107 mL), K3PO4 (4.0 mmol, 0.849 g)
and protected propargylamide derivative (0.5 mmol). The reaction was stirred at room
temperature for 5 h and the progress of the reaction was monitored by TLC. Upon



completion, the solution was filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (eluent: hexanes/EtOAC) to
afford the desired diyne 3 in 40-65% yields.

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3a)

3a

Compound 3a was prepared in 65% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.4 Hz, 2H), 7.30 — 7.18 (m, 10H), 7.14 (d,
J = 8.4 Hz, 2H), 7.10 — 7.05 (m, 2H), 6.85 — 6.77 (m, 2H). 4.28 (s, 2H), 4.18 (t, J = 7.4
Hz, 1H), 3.77 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.31 (s, 3H); 1*C NMR (100 MHz, CDCl3)
0 159.7, 144.1, 143.4, 134.4, 133.1, 129.3, 128.3, 127.9(5), 127.9(1), 126.3, 114.1, 113.6,
85.9 80.0, 74.5, 68.9, 55.2, 50.1, 42.7, 25.3, 21.5; IR (neat): 3027, 2925, 2252, 1508,
1369, 1249, 1169, 1032, 833, 582, 546; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C33H20NaO3S™ 542.1760; Found 542.1754.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4,4-diphenyl-/V-((thioxoboraneyl)methyl)but-
1-yn-1-amine (3b)

3b
Compound 3b was prepared in 50% yield according to the general procedure. Pale yellow
solid. M.p = 108.3 — 108.9 °C. 'H NMR (500 MHz, CDCl3) § 7.62 — 7.56 (m, 2H), 7.27 —
7.13 (m, 10H), 7.08 — 7.03 (m, 2H), 6.80 — 6.71 (m, 4H), 4.29 (s, 2H), 4.19 (t, /= 7.5 Hz,
1H), 3.78 (s, 3H), 3.74 (s, 3H), 3.01 (d, J = 7.5 Hz, 2H); *C NMR (125 MHz, CDCl;3) &
163.4, 159.7, 143.5, 133.1, 130.2, 129.0, 128.3, 127.9, 126.4, 114.3, 113.9, 113.7, 85.9,
80.1, 74.7, 68.9, 55.4, 55.3, 50.2, 42.6, 25.4; IR (neat): 3027, 2931, 2841, 2254, 1597,



1509, 1363, 1261, 1164, 1031, 832, 701, 583; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd
for C33H20Na04S" 558.1710; Found 558.1709.

4-bromo-N-(4,4-diphenylbut-1-yn-1-yl)-NV-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)benzenesulfonamide (3c)

3c

Compound 3¢ was prepared in 45% yield according to the general procedure. Pale yellow
solid. M.p = 90.4 — 91.5 °C. '"H NMR (400 MHz, CDCl3) § 7.51 — 7.37 (m, 4H), 7.30 —
7.17 (m, 10H), 7.02 (d, J = 8.4 Hz, 2H), 6.84 — 6.77 (m, 2H), 4.33 (s, 2H), 4.20 (t, /= 7.6
Hz, 1H), 3.82 (s, 3H), 3.02 (d, J = 7.6 Hz, 2H); '*C NMR (100 MHz, CDCl3) & 159.9,
143.4,136.3, 133.1, 132.0, 129.5, 128.5, 128.4, 127.9, 126.5, 113.9, 86.4, 79.6, 74.0, 69.4,
55.3, 50.2, 43.0, 25.3; IR (neat): 2927, 2219, 2307, 1607, 1510, 1371, 1250, 1173, 1033,
745, 701, 607, 572; HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for C3H2sBrNNaO3S*
606.0709; Found 606.0706.

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

nitrobenzenesulfonamide (3d)

3d
Compound 3d was prepared in 48% yield according to the general procedure. Pale yellow
solid. M.p = 114.1 — 115.7 °C. '"H NMR (500 MHz, CDCI3) § 8.01 — 7.98 (m, 2H), 7.74 —
7.71 (m, 2H), 7.30 — 7.17 (m, 10H), 6.98 — 6.95 (m, 2H), 6.77 — 6.73 (m, 2H), 4.37 (s,
2H), 4.21 (t, J = 7.5 Hz, 1H), 3.78 (s, 3H), 3.04 (d, J = 7.5 Hz, 2H); '3C NMR (125 MHz,
CDCI) 6 160.0, 150.0, 143.2, 142.5, 132.8, 129.1, 128.4, 127.8, 126.5, 123.7, 113.9,
113.3, 86.7, 79.3, 73.4, 69.7, 55.2, 50.1, 43.2, 25.1; IR (neat): 3028, 2932, 2256, 1605,



1510, 1349, 1176, 1032, 834, 701, 572; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C32H26N2NaOsS™ 573.1455; Found 573.1452.

N-(4,4-diphenylbut-1-yn-1-yl)-V-(3-(4-methoxyphenyl)prop-2-yn-1-yl)naphthalene-2-
sulfonamide (3e)
§02—2—naphthyl

3e

Compound 3e was prepared in 42% yield according to the general procedure. Pale yellow
oil. "H NMR (500 MHz, CDCls) & 8.38 (s, 1H), 7.87 — 7.79 (m, 2H), 7.75 (d, J = 9.0 Hz,
1H), 7.69 — 7.62 (m, 2H), 7.57 — 7.51 (m, 1H), 7.23 - 7.13 (m, 10H), 6.75 — 6.71 (m, 2H),
6.61 — 6.57 (m, 2H), 4.37 (s, 2H), 4.18 (t, J = 7.5 Hz, 1H), 3.75 (s, 3H), 3.01 (d, J = 7.0
Hz, 2H); *C NMR (125 MHz, CDCl3)§ 159.6, 143.4, 135.2, 134.5, 133.0, 131.9, 129.6,
129.5, 128.9, 128.3, 128.0, 127.8, 127.3, 126.4, 123.0, 113.9, 113.5, 86.0, 79.9, 74.5, 69.1,
55.2,50.1,42.9, 25.4; IR (neat): 2925, 2230, 1606, 1509, 1249, 1169, 1033, 832, 702, 666,
576, 545; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C3sH2o0NNaO3S™ 578.6812;
Found 578.6810.

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-ethoxyphenyl)prop-2-yn-1-yl)-4-

)\/II

Ph Ph

methylbenzenesulfonamide (3f)

OEt
3f
Compound 3f was prepared in 50% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) § 7.60 — 7.55 (m, 2H), 7.29 — 7.15 (m, 10H), 7.11 (d, J =
8.0 Hz, 2H), 7.08 — 7.00 (m, 2H), 6.79 — 6.73 (m, 2H), 4.29 (s, 2H), 4.19 (t, J = 8.0 Hz,
1H), 4.01 (q, J = 7.2 Hz 2H), 3.01 (d, J = 8.0 Hz, 2H), 2.33 (s, 3H), 1.41 (t, /= 7.2 Hz,



3H); 3C NMR (100 MHz, CDCl3) & 159.1, 144.1, 143.5, 134.4, 133.1, 129.3, 128.3,
128.0(1), 127.9(6), 126.4, 114.2, 114.0, 86.0, 79.9, 74.5, 69.0, 63.5, 50.2, 42.7, 25.4, 21.5,
14.7; IR (neat): 2979, 2923, 2252, 1603, 1508, 1364, 1248, 1044, 812, 738, 701, 546;
HRMS (ESI/QTOF) m/z: [M + Na]® Caled for CssH3NNaO3S™ 556.1917; Found
556.1716.

N-(3-(4-(benzyloxy)phenyl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-yn-1-yl)-4-

)\/II

Ph Ph

methylbenzenesulfonamide (3Q)

OBn
3g

Compound 3g was prepared in 59% yield according to the general procedure. Pale yellow
solid. M.p = 65 — 65.9 °C. 'TH NMR (400 MHz, CDCl3) & 7.59 — 7.54 (m, 2H), 7.45 — 7.29
(m, 5H), 7.27 — 7.14 (m, 10H), 7.10 (d, J = 8.0 Hz, 2H), 7.05 — 7.00 (m, 2H), 6.88 — 6.83
(m, 2H), 5.06 (s, 2H), 4.29 (s, 2H), 4.19 (t, /= 7.2 Hz, 1H), 3.01 (d, J = 7.6 Hz, 2H), 2.31
(s, 3H); >C NMR (101 MHz, CDCls) § 158.8, 144.2, 143.5, 136.5, 134.4, 133.1, 129.3,
128.6, 128.3, 128.1, 128.0(3), 127.9(8), 127.4, 126.4, 114.6, 114.5, 85.9, 80.1, 74.5, 70.0,
69.0, 50.2, 42.7, 25.4, 21.5; IR (neat): 3028, 2923, 2258, 1509, 1368, 1244, 1170, 838,
741, 701, 545; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C39H33NNaO3S* 618.2073;
Found 618.2070.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-/N-(3-(4-phenoxyphenyl)prop-2-yn-1-

)\/II

Ph Ph

yl)benzenesulfonamide (3h)

OPh



3h

Compound 3h was prepared in 46% yield according to the general procedure. Pale yellow
oil. '"H NMR (500 MHz, CDCls) § 7.57 (d, J = 8.0 Hz, 2H), 7.36 — 7.31 (m, 2H), 7.25 —
7.07 (m, 13H), 7.06 — 6.97 (m, 4H), 6.87 — 6.84 (m, 2H), 4.29 (s, 2H), 4.19 (t, J = 7.5 Hz,
1H), 3.00 (d, J = 7.0 Hz, 2H), 2.31 (s, 3H); *C NMR (125 MHz, CDCl3)§ 157.7, 156.2,
144.2, 143.4, 134.4, 133.2, 129.8, 129.3, 128.3, 128.0, 127.9, 126.4, 123.9, 119.3, 118.0,
116.6, 85.5, 80.8, 74.4, 69.0, 50.1, 42.6, 25.3, 21.5; IR (neat): 3028, 2925, 2257, 1591,
1503, 1369,1091, 869, 701, 584, 546; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C3sH31NNaO3S"™ 604.1917; Found 604.1916.

N-(3-(4-((tert-butyldimethylsilyl)oxy)phenyl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-
yn-1-yl)-4-methylbenzenesulfonamide (3i)

)\/II

Ph Ph

OTBS
3i

Compound 3i was prepared in 41% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3)$ 7.59 — 7.55 (m, 2H), 7.28 — 7.14 (m, 10H), 7.11 (d, J =
8.0 Hz, 2H), 7.01 — 6.96 (m, 2H), 6.74 — 6.70 (m, 2H), 4.29 (s, 2H), 4.19 (t, J = 7.2 Hz,
1H), 3.01 (d, J = 7.2 Hz, 2H), 2.33 (s, 3H), 0.99 (s, 9H), 0.21 (s, 6H); *C NMR (100
MHz, CDCIls) & 156.1, 144.1, 143.5, 134.4, 133.1, 129.3, 128.3, 128.0, 127.9(7), 126.4,
119.9, 114.9, 86.0, 80.1, 74.5, 69.0, 50.2, 42.7, 25.6, 25.4, 21.5, 18.2, -4.4; IR (neat):
3029, 2859, 2255, 1667, 1603, 1508, 1166, 1091, 783, 581, 545; HRMS (ESI/QTOF) m/z:
[M + Na]" Calcd for C3sH41NNaO3SSi* 642.2469; Found 642.2465.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(4-(methylthio)phenyl)prop-2-yn-1-

yl)benzenesulfonamide (3j)



SMe
3j

Compound 3j was prepared in 49% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCl3) & 7.58 — 7.54 (m, 2H), 7.28 — 7.14 (m, 10H), 7.13 — 7.08
(m, 4H), 7.01 — 6.97 (m, 2H), 4.30 (s, 2H), 4.19 (t, J = 7.6 Hz, 1H), 3.01 (d, J = 7.2 Hz,
2H), 2.48 (s, 3H), 2.33 (s, 3H); 1*C NMR (100 MHz, CDCl5)§ 144.2, 143.5, 139.7, 134.4,
131.9, 129.4, 128.4, 128.0, 127.9(8), 126.4, 125.6, 118.4, 85.7, 81.5, 74.5, 69.1, 50.2,
42.7,25.4, 21.5, 15.3; IR (neat): 3061, 3028, 2923, 2255, 1597, 1493, 1368, 1170, 816,
701, 544; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C33sH20NNaO»S,;" 558.1532;
Found 558.1532.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-/N-(3-(p-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (3k)

)\/II

Ph Ph

Me
3k
Compound 3k was prepared in 48% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) § 7.58 — 7.54 (m, 2H), 7.26 — 7.15 (m, 10H), 7.10 (d, J =
8.4 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 7.00 — 6.97 (m, 2H), 4.30 (s, 2H), 4.19 (t, /= 7.6
Hz, 1H), 3.01 (d, J = 7.6 Hz, 2H), 2.33 (s, 3H), 2.34 (s, 3H); 1*C NMR (100 MHz, CDCl3)
0 144.2, 143.5, 138.6, 134.4, 131.5, 129.4, 128.8, 128.3, 128.0, 127.9(7), 126.4, 119.1,
86.1, 80.7, 74.5, 69.0, 50.2, 42.7, 25.4, 21.5, 21.4; IR (neat): 3062, 3028, 2230, 1598,



1495, 1369, 1170, 1091, 759, 701, 594, 546; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd
for C33H20NNaO»S™ 526.1811; Found 526.1810.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-phenylprop-2-yn-1-

yl)benzenesulfonamide) (3I)

31

Compound 31 was prepared in 58% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCls3) & 7.58 — 7.52 (m, 2H), 7.27 — 7.11 (m, 13H), 7.09 — 7.02
(m, 4H), 4.30 (s, 2H), 4.19 (t, J = 7.6 Hz, 1H), 3.01 (d, J = 7.6 Hz, 2H), 2.30 (s, 3H); 1°C
NMR (100 MHz, CDCl3) 6 144.2, 143.4, 134.3, 131.6, 129.3, 128.4, 128.3, 128.0(2),
127.909), 127.9, 126.4, 122.1, 85.9, 81.4, 74.4, 69.0, 50.2, 42.6, 25.3, 21.5; IR (neat):
3059, 3027, 2320, 1597, 1491, 1367, 1169, 1090, 757, 657, 546. HRMS (ESI/QTOF) m/z:
[M + Na]" Calcd for C3,H27NNaO,>S" 512.1655; Found 512.1653.

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(3-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3m)

OMe
3m
Compound 3m was prepared in 62% yield according to the general procedure. Pale yellow
oil. "H NMR (400 MHz, CDCls) § 7.59 — 7.54 (m, 2H), 7.27 — 7.09 (m, 13H), 6.85 (dd, J
=8.4, 1.6 Hz, 1H), 6.71 — 6.63 (m, 2H), 4.30 (s, 2H), 4.19 (t, /= 7.6 Hz, 1H), 3.76 (s, 3H),
3.01 (d, J= 7.2 Hz, 2H), 2.33 (s, 3H); >*C NMR (100 MHz, CDCl3) § 159.1, 144.3, 143 .4,
134.3, 129.4, 129.1, 128.3, 128.0, 127.9, 126.4, 124.1, 123.1, 117.1, 114.5, 85.8, 81.2,
74.4, 69.1, 55.2, 50.2, 42.6, 25.4, 21.5; IR (neat): 3063, 3029, 2925, 2256, 1574, 1483,



1320, 1091, 832, 739, 690, 546; HRMS (ESI/QTOF) m/z: [M + Na]' Caled for
C33H20NNaO3S™ 542.1760; Found 542.1758.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-/N-(3-(m-tolyl)prop-2-yn-1-

)\/II

Ph Ph

yl)benzenesulfonamide (3n)

Me
3n

Compound 3n was prepared in 60% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCls) § 7.57 (d, J = 8.4 Hz, 2H), 7.27 — 7.08 (m, 14H), 6.93 —
6.88 (m, 2H), 4.31 (s, 2H), 4.20 (t, /= 7.2 Hz, 1H), 3.02 (d, J = 7.2 Hz, 2H), 2.33 (s, 3H),
2.31 (s, 3H); C NMR (100 MHz, CDCls) § 144.2, 143.5, 137.7, 134.4, 132.2, 129.3(9),
129.3(6), 128.8, 128.4, 128.1, 128.0, 126.4, 122.0, 86.1, 81.0, 74.5, 69.0, 50.2, 42.6, 25.4,
21.5, 21.2; IR (neat): 3060, 3028, 2320, 1598, 1451, 1368, 1169, 1050, 813, 738, 546;
HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for C33sH2oNNaO»S* 526.1811; Found
526.1810.

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(2-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide) (30)

3o
Compound 30 was prepared in 53% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCl3) § 7.57 (d, J = 8.4 Hz, 2H), 7.29 — 7.14 (m, 11H), 7.08 (d,
J=8.0 Hz, 2H), 6.91 (dd, /= 8.0, 2.0 Hz, 1H), 6.85 — 6.80 (m, 2H), 4.37 (s, 2H), 4.19 (t, J
= 7.2 Hz, 1H), 3.80 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.31 (s, 3H); *C NMR (100 MHz,
CDCI3) 6 160.0, 144.1, 143.8, 134.3, 133.9, 129.9, 129.3, 128.3, 128.0, 127.9, 126.4,



120.1, 111.3, 110.5, 85.3, 82.5, 74.4, 69.0, 55.6, 50.2, 42.9, 25.4, 21.5; IR (neat): 3028,
2252, 1597, 1494, 1454, 1263, 1165, 1025, 701, 549; HRMS (ESI/QTOF) m/z: [M + Na]"
Calcd for C33H20NNaO3S™ 542.1760; Found 542.1758.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-NV-(3-(o-tolyl)prop-2-yn-1-

)\/II

Ph Ph

yl)benzenesulfonamide (3p)

Me

3p

Compound 3p was prepared in 60% yield according to the general procedure. Pale yellow
solid. M.p = 59.5 — 60.3 °C. 'H NMR (400 MHz, CDCl3) § 7.54 — 7.51 (m, 2H), 7.27 —
7.16 (m, 11H), 7.14 — 7.11 (m, 1H), 7.08 — 7.04 (m, 4H), 4.35 (s, 2H), 4.19 (t, J = 7.6 Hz,
1H), 3.01 (d, J = 7.6 Hz, 2H), 2.27 (s, 3H), 2.16 (s, 3H); *C NMR (100 MHz, CDCl3) &
144.3, 143.5, 140.2, 134.3, 132.0, 129.3, 129.2, 128.5, 128.4, 128.0, 127.9, 126.4, 125.3,
122.0, 85.2, 85.0, 74.4, 69.2, 50.3, 42.7, 25.4, 21.5, 20.4; IR (neat): 3063, 2924, 2250,
1596, 1368, 1170, 1049, 813, 701, 594, 546; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd
for C33H20NNaO,S" 526.1811; Found 526.1810.

N-(4,4-diphenylbut-1-yn-1-yl)-NV-(3-(4-methoxy-3-methylphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3q)

Ts
N
K
Il
Ph Ph
Me
OMe

3q
Compound 3q was prepared in 42% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) & 7.56 (d, J = 8.4 Hz, 2H), 7.26 — 7.14 (m, 10H), 7.11 (d,
J=28.4 Hz, 2H), 6.99 — 6.94 (m, 1H). 6.87 (s, 1H), 6.68 (d, J = 8.8 Hz, 1H), 4.29 (s, 2H),



4.19 (t, 1H), 3.81 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.33 (s, 3H), 2.16 (s, 3H); 3C NMR
(100 MHz, CDCl3) 6 158.0, 144.1, 143.5, 134.5, 133.8, 130.7, 129.3, 128.3, 128.0, 127.9,
126.5, 126.3, 113.7, 109.5, 86.2, 79.6, 74.5, 68.9, 55.3, 50.2, 42.7, 25.4, 21.5, 16.0; IR
(neat): 3030, 2925, 2253, 1606, 1503, 1368, 1243, 1170, 814, 703, 574, 547; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C34H3:NNaO3S* 556.1917; Found 556.1916.

N-(3-(3,4-dimethoxyphenyl)prop-2-yn-1-yl)-V-(4,4-diphenylbut-1-yn-1-yl)-4-

methylbenzenesulfonamide) (3r)

Ts
N
K
I
Ph”™ “Ph
OMe
OMe

3r

Compound 3r was prepared in 43% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3)§ 7.60 — 7.56 (m, 2H), 7.29 — 7.11 (m, 12H), 6.76 — 6.68
(m, 3H), 4.31 (s, 2H), 4.19 (t, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.01 (d, J = 7.2 Hz, 2H),
2.34 (s, 3H); '3C NMR (100 MHz, CDCl3) § 149.7, 148.5, 144.1, 143.5, 134.4, 129.3,
128.3, 128.0(3), 127.9(7), 126.4, 125.2, 114.5, 114.4, 110.8, 86.0, 80.0, 74.5, 69.1,
55.9(1), 55.8(9), 50.2, 42.7, 25.4, 21.6; IR (neat): 3061, 3024, 2330, 1598, 1514, 1364,
1244, 1026, 701, 584, 543; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for
C34H31NNaO4S™ 575.1866; Found 572.1863.

N--(3-(benzo|d][1,3]dioxol-5-yl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-yn-1-yl)-4-

)\/II

Ph Ph

methylbenzenesulfonamide (3s)

o—/
3s



Compound 3s was prepared in 40% yield according to the general procedure. White oil.
"H NMR (400 MHz, CDCls) § 7.56 (d, J = 8.4 Hz, 2H), 7.30 — 7.09 (m, 12H), 6.69 — 6.60
(m, 2H), 6.45 (s, 1H), 5.95 (s, 2H), 4.28 (s, 2H), 4.19 (t, /= 7.2 Hz, 1H), 3.01 (d, J=7.6
Hz, 2H), 2.35 (s, 3H); 3C NMR (100 MHz, CDCl3) § 148.0, 147.2, 144.2, 143.4, 134.4,
129.4, 128.3, 128.0(3), 127.9(6), 126.4, 126.2, 115.3, 111.7, 108.2, 101.3, 85.8, 79.7, 74.4,
69.0, 50.2, 42.6, 25.4, 21.5; IR (neat): 3063, 3029, 2922, 2256, 1598, 1444, 1214, 1091,
814, 702, 581, 546; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C33H7NNaOsS*
556.1553; Found 556.1552.

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-/NV-(3-(thiophen-2-yl)prop-2-yn-1-

yl)benzenesulfonamide (3t)

3t

Compound 3t was prepared in 57% yield according to the general procedure. yellow oil.
'H NMR (400 MHz, CDCl3)$ 7.57 — 7.53 (m, 2H), 7.28 — 7.11 (m, 13H), 6.98 — 6.90 (m,
2H), 4.32 (s, 2H), 4.20 (t, J = 7.6 Hz, 1H), 3.01 (d, J = 7.2 Hz, 2H), 2.35 (s, 3H); 1*C
NMR (100 MHz, CDCl3) 6 144.3, 143.4, 134.2, 132.5, 129.5, 128.3, 128.0, 127.4, 126.8,
126.4, 123.9, 122.0, 85.4, 79.2, 74.4, 69.2, 50.2, 42.7, 25.4, 21.6; IR (neat): 3062, 2924,
2256, 1597, 1495, 1363, 1170, 1039, 813, 701, 546; HRMS (ESI/QTOF) m/z: [M + Na]"
Calcd for C30H2sNNa02S," 518.1219; Found 518.1216.

N-5-(3-chlorophenyl)-11-oxobicyclo[4.4.1]Jundeca-3,7,9-trien-3-yl)-2,2,2-

trifluoroacetamide (3u)

I
N

=

{
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3u



Compound 3u was prepared in 46% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) § 7.62 — 7.56 (m, 2H), 7.14 — 7.09 (m, 6H), 7.08 — 7.02
(m, 6H), 6.81 — 6.75 (m, 2H), 4.30 (s, 2H), 4.13 (t,J = 7.2 Hz, 1H), 3.80 (s, 3H), 2.97 (d, J
= 7.6 Hz, 2H), 2.33 (s, 3H), 2.28 (s, 6H); '*C NMR (100 MHz, CDCl3) § 159.7, 144.1,
140.8, 135.7, 134.5, 133.1, 129.3, 129.0, 128.1, 127.8, 114.3, 113.7, 85.9, 80.0, 74.3, 69.2,
55.3, 494, 42.7, 25.5, 21.5, 21.0; IR (neat): 3050, 2924, 2255, 1606, 1569, 1292, 1092,
833, 737, 585, 545; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C3sH33sNNaO3;S*
570.2073; Found 570.2072.

N-(4,4-bis(4-fluorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3v)

|
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=
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Compound 3v was prepared in 51% yield according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3)$ 7.64 — 7.58 (m, 2H), 7.19 — 7.10 (m, 6H), 7.07 — 7.00
(m, 2H), 6.95 — 6.86 (m, 4H), 6.83 — 6.76 (m, 2H), 4.33 (s, 2H), 4.16 (t, /= 7.2 Hz, 1H),
3.81 (s, 3H), 2.96 (d, J = 7.2 Hz, 2H), 2.37 (s, 3H); >*C NMR (100 MHz, CDCl;) § 161.5
(d, J=243.0 Hz), 159.8, 144.4, 138.9 (d, /= 3.0 Hz), 134.5, 133.1, 129.4 (d, J = 8.0 Hz),,
129.3(8), 128.0, 115.1 (d, J = 21.0 Hz), 114.1, 113.8, 86.0, 79.9, 74.9, 68.4, 55.3, 48.5,
42.7,25.7,21.5; YF NMR (471 MHz, CDCl3) § -116.2; IR (neat): 2961, 2925, 2256, 1604,
1514, 1364, 1170, 1034, 833, 671, 547. HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C33H27F2NNaO3S™ 578.1572; Found 578.1570.

N-(4,4-bis(4-chlorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3w)



fl
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Compound 3w was prepared in 54% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCl3)$ 7.61 — 7.58 (m, 2H), 7.21 — 7.08 (m, 10H), 7.03 — 6.98
(m, 2H), 6.82 — 6.77 (m, 2H), 4.33 (s, 2H), 4.14 (t, J = 7.2 Hz, 1H), 3.81 (s, 3H), 2.96 (d, J
= 7.2 Hz, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3) § 159.8, 144.5, 141.4, 134.5,
133.1, 132.4, 129.4, 129.3, 128.6, 128.0, 114.0, 113.8, 86.0, 79.9, 75.0, 68.2, 55.3, 48.7,
42.7, 25.3, 21.6; IR (neat): 2926, 2842, 2256, 1604, 1508, 1363, 1170, 1014, 814, 671,

545; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C33H27C1:NNaO3S™ 610.0981; Found
610.0980.

N-(4,4-bis(4-bromophenyl)but-1-yn-1-yl)-V-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3x)
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Compound 3x was prepared in 57% yield according to the general procedure. Pale yellow
oil. 'TH NMR (400 MHz, CDCl3) § 7.61 — 7.57 (m, 2H), 7.36 — 7.30 (m, 4H), 7.16 (d, J =
8.0 Hz, 2H), 7.09 — 6.98 (m, 6H), 6.84 — 6.77 (m, 2H), 4.33 (s, 2H), 4.11 (t, J = 7.2 Hz,
1H), 3.81 (s, 3H), 2.96 (d, J = 7.2 Hz, 2H), 2.39 (s, 3H); 3*C NMR (100 MHz, CDCl3)§
159.8, 144.5, 141.8, 134.5, 133.1, 131.5, 129.7, 129.5, 127.9, 120.5, 114.0, 113.8, 86.0,
79.9, 75.1, 68.1, 55.3, 48.8, 42.7, 25.1, 21.6; IR (neat): 3052, 2931, 2840, 2256, 1605,
1490, 1405, 1250, 1170, 833, 585, 545; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C33H27BraNNaO3S™ 697.9971; Found 697.9970.



N-(4,4-bis(3-fluorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-
methylbenzenesulfonamide (3y)
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3y
Compound 3y was prepared in 57% yield. according to the general procedure. Pale yellow
oil. '"H NMR (400 MHz, CDCl3) § 7.52 (d, J = 8.0 Hz, 2H), 7.31 — 7.20 (m, 2H), 7.17 —
7.09 (m, 6H), 7.02 (d, J = 8.8 Hz, 2H), 6.97 — 6.89 (m, 2H), 6.79 (d, J = 8.4 Hz, 2H), 4.34
(s, 2H), 3.81 (s, 3H), 3.22 (s, 2H), 3.16 — 3.11 (m, 1H), 2.35 (s, 3H); *C NMR (100 MHz,
CDCl) 6 162.7 (d, J = 244.0 Hz), 160.0, 147.7 (d, J = 7.0 Hz), 144.8, 134.0, 133.2, 129.8
(d, J = 8.0 Hz), 129.6, 127.9, 121.6 (d, J = 3.0 Hz), 114.3 (d, J = 21.0 Hz), 113.8, 113.7,
113.4 (d, J = 22.0 Hz), 86.4, 79.4, 77.6, 66.2, 55.3, 42.6, 34.1, 33.3, 21.6; ’F NMR (471
MHz, CDCls) ¢ -112.3, -112.1; IR (neat): 2926, 2854, 2338, 1609, 1510, 1368, 1250,

1170, 1033, 780, 671, 587; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C33H27F2NNaOsS* 578.1572; Found 578.1570.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-/V-(4-phenylpent-1-yn-1-

yl)benzenesulfonamide (3z)

3z
The compound was isolated in 46% yield according to the general procedure. Pale yellow
oil. 'H NMR (400 MHz, CDCls) § 7.76 (d, J = 8.0 Hz, 2H), 7.26 — 7.15 (m, 7H), 7.08 (d, J
= 8.8 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.79 (s, 3H), 2.97 — 2.90 (m, 1H),
2.64 — 2.45 (m, 2H), 2.36 (s, 3H), 1.31 (d, J = 6.8 Hz, 3H).3C NMR (100 MHz, CDCls) &
159.7, 145.7, 144.4, 1345, 133.1, 129.4, 128.3, 128.1, 126.9, 126.2, 114.2, 113.7, 86.0,
80.1, 74.1, 69.3, 55.3, 42.8, 39.2, 27.6, 21.6, 20.6. IR (neat): 3028, 2962, 2925, 2252, 1606,



1568, 1495, 1292, 833, 762, 670, 583; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for
C2sH27NNaO3S* 480.1604; Found 480.1602.

4. General Procedures

4.1 Synthesis of cycloheptatriene fused pyrroles 2

PG
N o
P CuCl (10 mol %) =\
Z NaBArf, (12 mol %) ~,/NPG
f (+)-SEGPHOS (12 mol %) R
R DCM, 40 °C, 23 h-12 d
R2 1 R? 2

The powered CuCl (0.02 mmol, 2.0 mg), (H-SEGPHOS (0.024 mmol, 14.6 mg) and
NaBAr"; (0.024 mmol, 21.3 mg) were introduced into an oven-dried Schlenk tube under
nitrogen atmosphere. After DCM (1 mL) was injected into the Schlenk tube, the solution
was stirred at 40 <C for 0.5 h. Then N-propargyl ynamide 1 (0.2 mmol) in DCM (1 mL)
was introduced into the system dropwise. The resulting mixture was stirred at 40 <C for 23
h-12 d, and the progress of the reaction was monitored by TLC. Upon completion, the
reaction was concentrated under reduced pressure, and the residue was purified by column
chromatography on silica gel (eluent: hexanes/ethyl acetate) to give the cycloheptatriene

fused pyrrole 2.

10a-(3-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2a)
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Compound 2a was prepared in 95% vyield (84.2 mg) according to the general procedure.
23 h. Yellow solid. M.p = 121 — 122 °C. 18 h.'H NMR (500 MHz, CDCl3) 5 7.61 (d, J =
8.0 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H),, 7.02 — 6.97 (m, 2H), 6.81 (s, 1H), 6.64 — 6.59 (m,
2H), 6.53 (d, J = 2.0 Hz, 1H), 6.28 — 6.22 (m, 2H), 6.16 — 6.08 (m, 2H), 4.69 (d, J = 8.5
Hz, 1H), 3.73 (s, 3H), 2.75 — 2.57 (m, 3H), 2.45 — 2.33 (m, 4H); *C NMR (125 MHz,
CDCl3) 6 157.4, 1445, 136.4, 135.8, 134.7, 129.8, 129.0, 128.0, 127.4, 126.6 125.1, 124.9,
124.2,117.8,115.1, 112.2, 106.9, 55.0, 41.3, 33.4, 21.6, 21.5; IR (neat): 3056, 2988, 1734,
1509, 1423, 1174, 896, 742, 737; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for
C27H2sNNaOsS* 466.1447; Found 466.1444.



10a-(3-methoxyphenyl)-2-(methylsulfonyl)-2,4,5,10a-
tetrahydrocyclohepta[e]isoindole (2b)
i N—Ms
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Compound 2b was prepared in 94% yield (69.7 mg) according to the general procedure. 3
d. Yellow solid. M.p = 151 — 153 °C. '"H NMR (500 MHz, CDCl3) & 7.04 (d, J = 8.5 Hz,
2H), 6.82 (s, 1H), 6.62 (d, J = 8.5 Hz, 2H), 6.48 (d, J = 2.0 Hz, 1H), 6.34 — 6.25 (m, 2H),
6.19 — 6.10 (m, 2H), 4.77 (d, J = 8.5 Hz, 1H), 3.72 (s, 3H), 3.03 (s, 3H), 2.83 — 2.64 (m,
3H), 2.55 — 2.40 (m, 1H); *°C NMR (125 MHz, CDCls) § 157.5, 135.8, 134.6, 129.1, 128.1,
127.4,125.1, 124.7, 124.2, 117.3, 114.9, 114.8, 112.3, 106.6, 55.0, 42.5, 41.3, 33.5, 21.5;
IR (neat): 3054, 2937, 1609, 1443, 1266, 1067, 985, 736, 732; HRMS (ESI/QTOF) m/z:
[M + Na]" Calcd for C21H2:NNaO3S* 390.1134; Found 390.1131.

2-(ethylsulfonyl)-10a-(4-methoxyphenyl)-2,4,5,10a-tetrahydrocyclohepta[e]isoindole
(2¢)
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Compound 2c was prepared in 73% vyield (55.3 mg) according to the general procedure. 4
d. Pale yellow oil. '"H NMR (400 MHz, CDCl3) § 7.03 (d, J = 8.8 Hz, 2H), 6.80 (s, 1H),
6.61 (d, J= 8.4 Hz, 2H), 6.48 — 6.44 (d, J = 1.6 Hz, 1H), 6.32 — 6.26 (m, 2H), 6.20 — 6.10
(m, 2H), 4.81 (d, J = 8.8 Hz, 1H), 3.71 (s, 3H), 3.12 (q, J = 7.2 Hz, 2H), 2.85 — 2.64 (m,
3H), 2.51 — 2.42 (m, 1H), 1.16 (t, J = 7.2 Hz, 3H); 3*C NMR (100 MHz, CDCl;) § 157.4,
135.4, 134.8, 128.9, 128.1, 127.5, 125.2, 124.3, 124.1, 117.8, 116.7, 115.3, 112.2, 108.2,
55.0, 49.9, 41.7, 33.6, 21.6, 8.0; IR (neat): 3053, 2986, 1507, 1421, 1162, 896, 740, 736,
705; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C2H23NNaO3S™ 404.1291; Found
404.1290.

10a-(4-ethoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2d)



Compound 2d was prepared in 77% yield (73.0 mg) according to the general procedure. 3
d. Yellow solid. M.p = 118 — 119 °C. 'H NMR (400 MHz, CDCl3)$ 7.63 — 7.58 (d, J = 8.0
Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.80 (s, 1H), 6.59 (d, J= 8.4
Hz, 2H), 6.53 (d, J = 2.0 Hz, 1H), 6.27 — 6.21 (m, 2H), 6.16 — 6.00 (m, 2H), 4.68 (d, J =
8.8 Hz, 1H), 3.94 (q, J = 7.2 Hz, 2H), 2.75 — 2.57 (m, 3H), 2.44 — 2.36 (m, 4H), 1.36 (t, J
= 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 156.9, 144.5, 136.5, 135.9, 134.6, 129.9,
129.1, 128.1, 127.5, 126.7, 125.2, 125.0, 124.3, 117.9, 115.2, 115.1, 112.8, 106.8, 63.2,
41.4,33.5,21.7, 21.6, 15.0; IR (neat): 3055, 2988, 1423, 1266, 1064, 896, 748, 743, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Caled for CisH27NNaO3S™ 480.1604; Found
480.1602.

10a-(4-(benzyloxy)phenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2¢)
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Compound 2e was prepared in 89% vyield (95.0 mg) according to the general procedure.
27 h. yield Pale yellow oil. '"H NMR (400 MHz, CDCl3) & 7.60 (d, J = 8.4 Hz, 2H), 7.44 —
7.31 (m, 5H), 7.21 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 6.69 (d, J =
8.4 Hz, 2H), 6.54 (d, J = 2.0 Hz, 1H), 6.28 — 6.22 (m, 2H), 6.18 — 6.07 (m, 2H), 4.95 (s,
2H), 4.70 (d, J = 8.8 Hz, 1H), 2.74 — 2.59 (m, 3H), 2.39 — 2.35 (m, 4H); C NMR (100
MHz, CDCl3) & 156.8, 144.4, 137.2, 136.3, 135.7, 135.0, 129.8, 129.0, 128.5, 128.0,
127.8, 127.6, 127.4, 126.6, 125.1, 124.9, 124.1, 117.7, 115.5, 115.0, 113.1, 107.2, 69.9,
414, 334, 21.6, 21.5; IR (neat): 3054, 2926, 2306, 1459, 1265, 896, 742, 737, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Calcd for CssHgNNaO3S* 542.1760; Found
542.1764.

10a-(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-tosyl-2,4,5,10a-
tetrahydrocyclohepta[e]isoindole (2f)



Compound 2f was prepared in 74% yield (82.0 mg) according to the general procedure. 65
h. yield Pale yellow oil. 'H NMR (400 MHz, CDCl3) § 7.45 (d, J = 8.4 Hz, 2H), § 7.07 (d,
J = 8.4 Hz, 2H). 6.77 (d, J = 8.8 Hz, 2H), 6.66 (s, 1H), 6.41 — 6.36 (m, 3H), 6.12 — 6.06
(m, 2H), 6.00 — 5.90 (m, 2H), 4.57 (d, J = 8.4 Hz, 1H), 2.60 — 2.45 (m, 3H), 2.30 — 2.18
(m, 4H), 0.80 (s, 9H), 0.00 (s, 6H); *C NMR (100 MHz, CDCls) § 153.3, 144.4, 136.3,
135.8, 135.4, 129.8, 129.0, 128.1, 127.4, 126.6, 125.1, 124.9, 124.1, 118.2, 117.7, 116.4,
115.0, 108.1, 41.7, 33.5, 25.6, 21.6, 21.5, 18.1, -4.4, -4.5; IR (neat): 3056, 2988, 1508,
1266, 1064, 896, 740, 705; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for
C32H37NNaO3SSi" 566.2156; Found 566.2147.

10a-(4-phenoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (29)
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Compound 2g was prepared in 90% yield (94.0 mg) according to the general procedure. 4
d. Yellow solid. M.p = 55 — 57 °C. 'H NMR (400 MHz, CDCl3) & 7.73 (d, J = 8.0 Hz, 2H),
7.33 = 7.23 (m, 5H), 7.21 — 7.17 (m, 2H), 7.15 — 7.10 (m, 1H), 7.08 — 7.03 (m, 2H), 6.96
(d, J = 7.6 Hz, 2H), 6.90 (s, 1H), 6.86 — 6.77 (m, 4H), 5.10 (s, 1H), 2.92 — 2.76 (m, 2H),
2.62 — 2.47 (m, 2H), 2.36 (s, 3H); *C NMR (100 MHz, CDCls) & 157.2, 155.3, 144.7,
141.9, 141.0, 138.7, 136.1, 130.4, 129.9, 129.8, 129.6, 128.6, 127.5, 126.9, 126.8, 126.4,
126.3, 123.1, 119.1, 118.8, 118.7, 118.3, 48.0, 31.1, 25.0, 21.5; IR (neat): 3055, 2988,
1590, 1490, 1371, 1266, 896, 748, 736, 706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd
for C32H»7NNaO3S"™ 528.1604; Found 528.1603.

10a-(p-tolyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2h)
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Compound 2h was prepared in 68% yield (60.0 mg) according to the general procedure. 5
d. Pale yellow oil. '"H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.0
Hz, 2H), 6.97 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 7.6 Hz, 2H), 6.80 (s, 1H), 6.56 (d, J=2.0
Hz, 1H), 6.30 — 6.23 (m, 2H), 6.19 — 6.09 (m, 2H), 4.80 (d, J = 8.8 Hz, 1H), 2.77 — 2.60
(m, 3H), 2.41 — 2.37 (m, 4H), 2.23 (s, 3H); *C NMR (100 MHz, CDCls) & 144.5, 139.8,
136.4, 135.7, 135.1, 129.8, 128.2, 127.8, 127.6, 127.5, 126.6, 125.2, 125.0, 124.0, 117.8,
115.0, 109.9, 42.6, 33.7, 21.6(4), 21.5(9), 21.0; IR (neat): 3055, 2988, 2307, 1422, 1266,
1063, 896, 749, 736, 705; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C27HasNNaO,S*
450.1498; Found 450.1499.

10a-(4-ethylphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2i)
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Compound 2i was prepared in 75% yield (69.0 mg) according to the general procedure. 7
d. Pale yellow oil. 'TH NMR (400 MHz, CDCl3)$ 7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.0
Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 8.0 Hz, 2H), 6.80 (s, 1H), 6.58 (d, J=2.0
Hz, 1H), 6.32 — 6.25 (m, 2H), 6.22 — 6.11 (m, 2H), 4.84 (d, J = 8.8 Hz, 1H), 2.80 — 2.62
(m, 3H), 2.55 (q, J = 7.6 Hz, 2H), 2.48 — 2.37 (m, 4H), 1.18 (t, J = 7.6 Hz, 3H); *C NMR
(100 MHz, CDCls3) o 144.5, 141.3, 140.2, 136.3, 135.8, 129.8, 128.3, 127.7, 127.6, 126.6,
126.3, 125.2, 125.1, 123.9, 117.9, 115.0, 111.0, 42.9, 33.7, 28.3, 21.7, 21.6, 15.2; IR (neat):
3055, 2988, 1590, 1490, 1371, 1266, 896, 748, 736, 706; HRMS (ESI/QTOF) m/z: [M +
Na]" Calcd for C2sH27NNaO,2S™ 464.1655; Found 464.1662.

N,N-dimethyl-4-(2-tosyl-4,5-dihydrocycloheptale]isoindol-10a(2H)-yl)aniline (2))
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Compound 2j was prepared in 65% yield (59.0 mg) according to the general procedure. 4
d. Pale yellow oil. 'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 8.4 Hz, 2H), 7.23 (d, J= 8.4
Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 6.79 (s, 1H), 6.57 (d, J = 2.4 Hz, 1H), 6.46 (d, J = 8.8
Hz, 2H), 6.27 — 6.21 (m, 2H), 6.18 — 6.08 (m, 2H), 4.66 (d, J = 8.4 Hz, 1H), 2.87 (s, 6H),
2.75 — 2.54 (m, 3H), 2.41 — 2.37 (m, 4H); *C NMR (100 MHz, CDCl3) & 148.4, 144 .4,
136.4, 136.2, 129.8, 128.7, 127.9, 127.2, 126.6, 125.0, 124.1, 117.7, 115.0, 114.5, 111.2,
106.4, 41.0, 40.6, 33.5, 21.6, 21.5; IR (neat): 3056, 2987, 2307, 1422, 1265, 896, 747, 741,
736; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C3H2sN>2NaO,S"™ 479.1764; Found
479.1762.

N,N-dibenzyl-3-(2-tosyl-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)aniline (2k)
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Compound 2k was prepared in 71% yield (88.0 mg) according to the general procedure.
48 h. Yellow solid. M.p = 66 — 68 °C.'"H NMR (400 MHz, CDCls) § 7.60 (d, J = 8.4 Hz,
2H), 7.34 — 7.15 (m, 12H), 6.84 (d, /= 8.4 Hz, 2H), 6.78 (s, 1H), 6.59 (d, J = 2.0 Hz, 1H),
6.46 (d, J= 8.8 Hz, 2H), 6.24 — 6.08 (m, 4H), 4.68 (d, J = 8.8 Hz, 1H), 4.54 (s, 4H), 2.71 —
2.55 (m, 3H), 2.39 — 2.35 (m, 4H); '*C NMR (100 MHz, CDCls) § 147.4, 144.3, 139.0,
136.4, 131.1, 129.7, 128.6, 128.5, 128.1, 127.4, 126.9, 126.7, 126.6, 125.2, 125.0, 123.9,
117.9,117.2,114.9, 111.3, 108.8, 54.2, 41.7, 33.7, 21.6; IR (neat): 3055, 2987, 1438, 1265,
896, 747, 742, 706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for CsH36N2NaO,S*
631.2390; Found 631.2391.

10a-(4-(methylthio)phenyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (2I)
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Compound 21 was prepared in 80% yield (53.0 mg) according to the general procedure. 12
d. Yellow solid. M.p = 121 — 122 °C..'"H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.0 Hz,
2H), 7.24 (d, J = 8.0 Hz, 2H), 7.04 — 6.92 (m, 4H), 6.81 (s, 1H), 6.56 (d, J = 1.2 Hz, 1H),
6.31 — 6.23 (m, 2H), 6.18 — 6.08 (m, 2H), 4.80 (d, J = 8.8 Hz, 1H), 2.76 — 2.67 (m, 3H),
2.44 — 2,40 (m, 4H), 2.39 (s, 3H); '3*C NMR (100 MHz, CDCls) & 144.5, 140.1, 136.3,
135.3, 135.1, 129.8, 128.4, 128.3, 127.6, 126.7, 125.2, 124.9, 124.0, 117.8, 117.8, 115.1,
109.5, 42.4, 33.5, 21.6, 15.8; IR (neat): 3055, 2987, 1422, 1266, 896, 747, 736, 706;
HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for Ca7H2sNNaO>S;" 482.1219; Found
482.1216.

10a-phenyl-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (2m)
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Compound 2m was prepared in 78% yield (67.0 mg) according to the general procedure. 4
d. Pale yellow oil. "H NMR (400 MHz, CDCl3) & 7.60 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4
Hz, 2H), 7.12 — 7.05 (m, 5H), 6.81 (s, 1H), 6.55 (d, J = 2.4 Hz, 1H), 6.32 — 6.26 (m, 2H),
6.19 — 6.08 (m, 2H), 4.84 (d, J = 8.8 Hz, 1H), 2.79 — 2.62 (m, 3H), 2.43 — 2.38 (m, 4H);
3C NMR (100 MHz, CDCls) & 144.5, 143.0, 136.3, 135.5, 129.8, 128.3, 127.9, 127.6,
126.8, 126.6, 125.8, 125.2, 125.0, 124.0, 118.7, 117.9, 115.1, 110.4, 43.1, 33.7, 21.6(4),
21.5(8); IR (neat): 3054, 2987, 1422, 1266, 896, 741, 736, 705; HRMS (ESI/QTOF) m/z:
[M + Na]" Calcd for C26H23NNaO»S"™ 436.1342; Found 436.1335.

10a-(4-fluorophenyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (2n)
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Compound 2n was prepared in 77% yield (69.0 mg) according to the general procedure.
54 h. Pale yellow oil. 'H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.8 Hz, 2H), 7.22 (d, J =
8.0 Hz, 2H), 7.05 (dd, J = 6.0, 5.6 Hz, 2H), 6.82 (s, 1H), 6.78 — 6.70 (m, 2H), 6.52 (d, J =
1.6 Hz 1H), 6.30 — 6.22 (m, 2H), 6.11 (m, 2H), 4.74 (d, J = 8.4 Hz, 1H), 2.78 — 2.57 (m,
3H), 2.41 — 2.37 (m, 4H); *C NMR (100 MHz, CDCls) & 160.8 (d, J = 243.9 Hz), 144.6,
138.4 (d, J = 3.1 Hz), 136.2, 135.2, 129.8, 129.4 (d, J = 8.0 Hz), 128.2, 127.5, 126.6,
125.2, 124.7, 124.2, 117.6, 116.0, 115.2, 113.6 (d, J = 21.2 Hz) 107.7, 41.7, 33.3, 21.6,
21.5; YF NMR (471 MHz, CDCls) § -117.2; IR (neat): 3055, 2988, 1422, 1266, 1064, 896,
739, 706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C26H»2FNNaO,S"™ 454.1247,
Found 454.1244.

10a-(4-chlorophenyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (20)
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Compound 20 was prepared in 83% vyield (76.0 mg) according to the general procedure 29
h. Yellow solid. M.p = 89 — 91 °C. "H NMR (400 MHz, CDCl3) §7.61 (d, J = 8.4 Hz, 2H),
7.23 (d, J= 8.0 Hz, 2H), 7.06 — 7.00 (m, 4H), 6.83 (s, 1H), 6.54 (d, /= 2.0 Hz, 1H), 6.31 —
6.24 (m, 2H), 6.18 — 6.10 (m, 2H), 4.82 (d, J = 8.8 Hz, 1H), 2.78 — 2.59 (m, 3H), 2.46 —
2.38 (m, 4H); '3C NMR (100 MHz, CDCl;) & 144.6, 141.6, 136.2, 134.9, 131.2, 129.8,
129.2, 128.4, 127.7, 127.0, 126.6, 125.3, 124.8, 124.1, 118.4, 117.7, 115.2, 110.0, 42.5,
334, 21.6, 21.5; IR (neat): 3134, 2852, 1599, 1489, 1289, 1064, 814, 704, 673; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C26H22CINNaO>S* 470.0952; Found 470.0950.

10a-(4-bromophenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2p)

—
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Compound 2p was prepared in 83% yield (94.1 mg) according to the general procedure.
81 h. Pale yellow oil. '"H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.8 Hz, 2H), 7.24 (d, J =



8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.55 (d, J =
2.0 Hz, 1H), 6.32 — 6.24 (m, 2H), 6.19 — 6.09 (m, 2H), 4.83 (d, J = 8.8 Hz, 1H), 2.78 —
2.61 (m, 3H), 2.41 — 2.37 (m, 4H); 3C NMR (100 MHz, CDCl3) § 144.6, 142.2, 136.2,
134.8, 129.9, 129.8, 129.6, 128.5, 127.8, 126.6, 125.3, 124.8, 124.1, 119.4, 118.7, 117.7,
115.2, 110.3, 42.7, 33.5, 21.6, 21.5; IR (neat): 3054, 2987, 1422, 1265, 896, 740, 736, 706;
HRMS (ESI/QTOF) m/z: [M + Na]* Caled for CasHsBrNNaO,S* 514.0447; Found
514.0444.

methyl 4-(2-tosyl-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)benzoate (2q)

P
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Compound 2qg was prepared in 80% yield (77.6 mg) according to the general procedure. 6
d. Yellow solid. M.p = 75 — 77 °C. '"H NMR (400 MHz, CDCl3) §7.73 (d, J = 8.0 Hz, 2H),
7.59 (d, J = 8.0 Hz, 2H), 7.24 — 7.14 (m, 4H), 6.83 (s, 1H), 6.54 (s, 1H), 6.35 — 6.27 (m,
2H), 6.19 — 6.07 (m, 2H), 4.95 (d, J = 8.8 Hz, 1H), 3.86 (s, 3H), 2.80 — 2.64 (m, 3H), 2.41
—2.38 (m, 4H); 3C NMR (100 MHz, CDCls) & 167.0, 148.9, 144.6, 136.1, 134.5, 129.8,
128.6, 128.2, 127.9, 127.7, 126.6, 125.4, 124.8, 124.0, 121.3, 117.7, 115.2, 112.8, 51.9,
43,9, 33.6,21.7, 21.6; IR (neat): 3055, 2987, 2305, 1720, 1437, 1266, 896, 747, 741, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Caled for CisH2sNNaOsS™ 494.1397; Found
494.1398.

10a-(3-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2r)

—
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Compound 2r was prepared in 74% vyield (68.0 mg) according to the general procedure.
46 h. Pale yellow oil. '"H NMR (400 MHz, CDCl3) § 7.61 (d, J= 8.0 Hz, 2H), 7.22 (d, J =
8.0 Hz, 2H), 7.00 — 6.97 (m, 1H), 6.81 (s, 1H), 6.73 — 6.56 (m, 4H), 6.29 — 6.27 (m, 2H),
6.20 — 6.17 (m, 2H), 4.92 (d, J = 8.8 Hz, 1H), 3.71 (s, 3H), 2.79 — 2.61 (m, 3H), 2.41 —
2.37 (m, 4H); *C NMR (100 MHz, CDCls) § 158.2, 145.0, 144.5, 136.3, 135.4, 129.8,



128.5, 127.8, 127.6, 126.6, 125.3, 125.1, 123.9, 122.3, 120.5, 117.9, 115.0, 114.5, 113.8,
110.3, 55.0, 44.1, 33.9, 21.8, 21.6; IR (neat): 3056, 2988, 1423, 1266, 896, 742, 737, 706;
HRMS (ESI/QTOF) m/z: [M + Na]® Caled for Ci7H2sNNaO3S" 466.1447; Found
466.1449.

10a-(m-tolyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (2s)
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Compound 2s was prepared in 94% yield (83.0 mg) according to the general procedure. 48
h. Pale yellow oil. '"H NMR (400 MHz, CDCls) § 7.60 (d, J= 8.0 Hz, 2H), 7.22 (d, J= 8.0
Hz, 2H), 6.97 — 6.83 (m, 4H), 6.80 (s, 1H), 6.56 (d, J = 2.0 Hz, 1H), 6.31 — 6.23 (m, 2H),
6.16 — 6.12 (m, 2H), 4.83 (d, J = 8.8 Hz, 1H), 2.78 — 2.60 (m, 3H), 2.41 — 2.37 (m, 4H),
2.21 (s, 3H); '3C NMR (100 MHz, CDCls) § 144.4, 143.0, 136.3, 136.1, 135.7, 129.7,
128.6, 128.2, 127.6, 126.6(1), 126.5(7), 126.5, 125.2, 125.1, 124.9, 124.0, 119.5, 117.9,
115.0, 111.2, 43.2, 33.8, 21.7, 21.6, 21.5; IR (neat): 3055, 2988, 2307, 1422, 1266, 1094,
1064, 896, 749, 706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C27H2sNNaO,S*
450.1498; Found 450.1500.

10a-(3-bromophenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2t)
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Compound 2t was prepared in 88% yield (89.0 mg) according to the general procedure. 48
h. Pale yellow oil. "H NMR (400 MHz, CDCl3) §7.61 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.8
Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 7.05 (d, J = 8.0 Hz, 1H), 6.95 — 6.91 (m, 1H), 6.82 (s,
1H), 6.56 (d, J = 2.0 Hz, 1H), 6.34 — 6.27 (m, 2H), 6.23 — 6.12 (m, 2H), 4.89 (d, J = 8.8
Hz, 1H), 2.71 (m, 3H), 2.41 — 2.37 (m, 4H); '*C NMR (100 MHz, CDCl;) & 145.7, 144.6,
136.2, 134.9, 130.8, 129.8, 128.9, 128.7, 128.4, 128.0, 126.7, 126.4, 125.5, 125.0, 124.1,
121.1, 121.0, 117.8, 115.3, 112.5, 43.6, 33.7, 21.7, 21.6; IR (neat): 3054, 2987, 1422, 1265,



1174, 1064, 896, 737, 705; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for
Ca6H22BrNNaO>S" 514.0447; Found 514.0444.

10a-(3,4-dimethoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole (2u)
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Compound 2u was prepared in 85% yield (82.4 mg) according to the general procedure.
48 h. Yellow solid. M.p = 145 — 147 °C. *H NMR (400 MHz, CDCls) & 7.61 (d, J = 8.0 Hz,
2H), 7.23 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.66 — 6.55 (M, 4H), 6.30 — 6.23 (M, 2H), 6.20
— 6.10 (M, 2H), 4.76 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 2.76 — 2.58 (m, 3H),
2.41 — 2.37 (m, 4H); 3C NMR (100 MHz, CDCls) & 147.4, 146.9, 144.5, 136.3, 135.7,
135.4, 129.8, 128.2, 127.5, 126.7, 125.2, 124.9, 124.1, 120.4, 117.7, 116.7, 115.1, 112.0,
109.5, 108.4, 55.8, 55.6, 42.2, 33.5, 21.6(0), 21.5(8); IR (neat): 3056, 2988, 2307, 1514,
1423, 1266, 896, 738, 706; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for
CasH27NNaO4S* 496.1553; Found 496.1555.

10a-(3-methoxy-4-methylphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole
(2v)

2V
Compound 2v was prepared in 88% yield (83.0 mg) according to the general procedure.
35 h. Pale yellow oil. "H NMR (400 MHz, CDCls) § 7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J =
8.4 Hz, 2H), 6.87 (dd, J = 8.4, 2.0 Hz, 1H), 6.80 (s, 2H), 6.56 — 6.49 (m, 2H), 6.28 — 6.22
(m, 2H), 6.19 — 6.09 (m, 2H), 4.73 (d, J = 8.8 Hz, 1H), 3.75 (s, 3H), 2.77 — 2.57 (m, 3H),
2.41 — 2.35 (m, 4H), 2.08 (s, 3H); '*C NMR (100 MHz, CDCl3) & 155.6, 144.4, 136.4,
136.1, 134.3, 130.4, 129.7, 128.1, 127.4, 126.6, 126.0, 125.1(1), 125.0(7), 124.6, 124.1,
117.8, 117.1, 115.0, 108.7, 108.1, 55.1, 41.9, 33.7, 21.6(1), 21.5(9), 16.4; IR (neat): 3055,



2987, 1422, 1266, 1064, 896, 747, 742; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for
CasH27NNaO3S™ 480.1604; Found 480.1607.

10a-(benzo[d][1,3]dioxol-5-yl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2w)

i N—Ts
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Compound 2w was prepared in 86% yield (84.0 mg) according to the general procedure. 4
d. Pale yellow oil. 'TH NMR (400 MHz, CDCl3)$ 7.63 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.0
Hz, 2H), 6.82 (s, 1H), 6.60 — 6.49 (m, 4H), 6.30 — 6.11 (m, 4H), 5.85 (d, J = 2.8 Hz, 2H),
473 (d, J = 8.4 Hz, 1H), 2.76 — 2.58 (m, 3H), 2.41 — 2.37 (m, 4H); '*C NMR (100 MHz,
CDCl3) 6 146.2, 145.3, 144.5, 136.8, 136.3, 135.5, 129.8, 128.2, 127.6, 126.7, 125.2,
124.9, 124.2, 121.1, 117.7, 117.0, 115.1, 108.9, 108.7, 106.7, 100.6, 42.3, 33.5, 21.6, 21.5;
IR (neat): 3055, 2927, 1437, 1267, 1064, 896, 741, 737, 706; HRMS (ESI/QTOF) m/z: [M
+ Na]* Calcd for C27H23NNaO4S™ 480.1240; Found 480.1243.

10a-(thiophen-3-yl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2x)
N—Ts
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Compound 2x was prepared in 76% yield (64.0 mg) according to the general procedure. 4
d. Pale yellow oil. "H NMR (400 MHz, CDCl3) & 7.64 (d, J = 8.4 Hz, 2H), 7.24 (d, J= 8.0
Hz, 2H), 6.91 (d, J = 7.6 Hz, 1H), 6.86 (d, J= 2.4 Hz, 1H), 6.82 (s, 1H), 6.69 — 6.65 (m,
1H), 6.63 (d, J = 2.4 Hz, 1H), 6.36 — 6.24 (m, 4H), 5.16 (d, J = 8.8 Hz, 1H), 2.78 — 2.70
(m, 2H), 2.65 — 2.56 (m, 1H), 2.52 — 2.43 (m, 1H), 2.39 (s, 3H); '*C NMR (100 MHz,
CDCl3) 6 148.6, 144.6, 136.3, 135.4, 129.8, 129.1, 128.4, 126.6, 125.8, 125.2, 125.1,
124.8, 124.1, 122.1, 119.1, 117.9, 115.0, 41.8, 33.7, 21.9, 21.6; IR (neat): 3055, 2987,

1422, 1265, 1064, 896, 740, 705; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C24H21NNaO,S," 442.0906; Found 442.0905.



10a-(4-methoxyphenyl)-8-methyl-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole
(2y)
N—Ts
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Compound 2y was prepared in 49% yield (46.0 mg) according to the general procedure. 3
h. Pale yellow oil. '"H NMR (400 MHz, CDCl3) 8 7.60 (d, J = 8.0 Hz, 2H), 7.22 (d, /= 8.0
Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.80 (s, 1H), 6.61 (d, /= 8.4 Hz, 2H), 6.47 (s, 1H), 6.11
—6.05 (d, J=7.2 Hz, 1H), 5.99 (d, /= 8.4 Hz, 1H), 5.81 (d, J=7.2 Hz, 1H), 4.39 (d, J =
8.4 Hz, 1H), 3.73 (s, 3H), 2.75 — 2.47 (m, 3H), 2.41 — 2.37 (m, 4H), 1.71 (s, 3H); 1’C
NMR (100 MHz, CDCl3) & 157.3, 144.4, 136.4, 135.6, 134.7, 129.7, 129.3, 126.9, 126.6,
125.4, 124.7, 117.7, 115.1, 112.2, 105.2, 98.3, 55.0, 39.0, 32.5, 22.4, 21.5, 21.1; IR (neat):
3054, 2932, 2854, 1609, 1266, 1064, 896, 736, 705, 672; HRMS (ESI/QTOF) m/z: [M +
Na]" Caled for C23H27NNaO3S™ 480.1604; Found 480.1600.

8-fluoro-10a-(4-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocycloheptale]isoindole
(22)
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Compound 2z was prepared in 61% vyield (58.0 mg) according to the general procedure.
64 h. Pale yellow oil. '"H NMR (400 MHz, CDCl3) § 7.61 (d, J = 8.0 Hz, 2H), 7.23 (d, J =
8.0 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 6.62 — 5.58 (m, 3H), 6.25 — 6.21 (m,
2H), 5.93 — 5.89 (m, 1H), 5.16 — 5.12 (m, 1H), 3.73 (s, 3H), 2.80 — 2.61 (m, 3H), 2.41 —
2.37 (m, 4H); 3C NMR (100 MHz, CDCl3) § 160.7 (d, J = 244.4 Hz), 157.7, 144.6, 136.2,
135.5 (d, J=24.9 Hz), 129.8, 128.1, 126.6, 125.1, 121.6 (d, J = 10.7 Hz), 120.3 (d, J =
12.5 Hz), 117.8, 117.0, 116.7, 115.1, 112.5, 111.7 (d, J = 26.5 Hz), 55.0, 44.7, 34.2, 22.1,
21.6; '°F NMR (471 MHz, CDCls) & -107.2; IR (neat): 3054, 2987, 2685, 1422, 1265,
1064, 896, 741, 736, 705; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for
C27H24FNNaOs3S™ 484.1353; Found 484.1350.



8-bromo-10a-(4-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole
(2aa)

i N—Ts
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Compound 2aa was prepared in 63% yield (67.0 mg) according to the general procedure.
48 h. Pale yellow oil. 'TH NMR (400 MHz, CDCls) § 7.61 (d, J = 8.0 Hz, 2H), 7.23 (d, J =
8.0 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.64 (d, J = 8.8 Hz, 2H), 6.51 (d, J =
2.0 Hz, 1H), 6.37 (d, J = 8.8 Hz, 2H), 6.11 (d, J = 7.6 Hz, 1H), 4.73 (d, J = 9.6 Hz, 1H),
3.74 (s, 3H), 2.77 — 2.56 (m, 3H), 2.41 — 2.37 (m, 4H); 3C NMR (100 MHz, CDCl;) §
157.7, 144.6, 136.2, 135.0, 134.3, 130.9, 129.8, 128.4, 127.7, 126.7, 124.6, 124.0, 121.4,
121.1, 117.9, 115.2, 112.6, 112.5, 55.1, 42.9, 33.4, 21.6, 21.5; IR (neat): 3054, 2987, 2685,
1422, 1266, 1064, 896, 747, 742, 731, 706; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C27H24BrNNaO3S™ 544.0552; Found 544.0555.

4.2 Synthesis of norcaradiene derived pyrroles 4

e .
y CuCl (10 mol %)
NaBAr", (12 mol %) =
| | > /’/,/ — N_PG
. (£)-BINAP (12 mol %)
, R DCM,40°C, 11 h-4d RZ X R
R R
3 4 dr>20:1

The powered CuCl (0.02 mmol, 2.0 mg), (£)-BINAP (0.024 mmol, 14.9 mg) and NaBAr",
(0.024 mmol, 21.3 mg) were introduced into an oven-dried Schlenk tube. After DCM (1
mL) was injected into the Schlenk tube, the solution was stirred at 40 °C for 0.5 h. Then
compound 3 (0.2 mmol) in DCM (1 mL) was introduced into the system dropwise. The
resulting mixture was stirred at 40 °C for 11 h-4 d, and the progress of the reaction was
monitored by TLC. Upon completion, the reaction was concentrated under reduced
pressure, and the residue was purified by column chromatography on silica gel (eluent:

hexanes/ethyl acetate) to give the norcaradiene derived pyrrole 4.



3b-(4-methoxyphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa|l,2-e]isoindole (4a)

4a

Compound 4a was prepared in 99% yield (103.8 mg) according to the general procedure.
53 h. White solid. M.p = 93.4 — 94.2 °C. '"H NMR (500 MHz, CDCl3)$ 7.64 (d, J = 8.5
Hz, 2H), 7.28 — 7.10 (m, 7H), 7.05 — 7.00 (m, 2H), 6.84 — 6.82 (m, 1H), 6.72 — 6.67 (m,
2H), 6.37 (d, J = 2.5 Hz, 1H), 6.23 — 6.18 (m, 1H), 5.83 — 5.79 (m, 1H), 5.68 — 5.63 (m,
2H), 3.76 (s, 3H), 3.65 (dd, J = 12.0, 4.5 Hz, 1H), 3.50 (d, J = 8.0 Hz, 1H), 2.77 (dd, J =
16.0, 5.0 Hz, 1H), 2.43 — 2.33 (m, 4H); 3C NMR (125 MHz, CDCl3) § 157.6, 144.8,
144.5, 136.3, 133.6, 131.8, 130.8, 129.8, 128.4, 128.0, 127.8(9), 126.8, 126.5, 125.1,
124.8, 123.9, 122.8, 117.7, 115.5, 112.5, 67.7, 59.1, 55.0, 46.0, 29.5, 27.7, 21.6; IR (neat):
3034, 2933, 1532, 1370, 1246, 1172, 1062, 796, 703, 674, 585, 538; HRMS (ESI/QTOF)
m/z: [M + Na]" Calcd for C33H20NNaO3S* 558.2073; Found 558.2072.

3b-(4-methoxyphenyl)-2-((4-methoxyphenyl)sulfonyl)-8-phenyl-3b,3¢,8,9-tetrahydro-
2H-benzo[2,3]|cyclopropa[1,2-¢]isoindole (4b)

-
b
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Compound 4b was prepared in 70% yield (77.2 mg) according to the general procedure.
42 h. Pale yellow solid. M.p = 77.7 — 78.4 °C. '"H NMR (500 MHz, CDCl3)$§ 7.71 — 7.65
(m, 2H), 7.28 — 7.21 (m, 2H), 7.20 — 7.14 (m, 1H), 7.12 (d, J = 7.0 Hz, 2H), 7.02 — 6.99
(m, 2H), 6.92 — 6.88 (m, 2H), 6.80 (s, 1H), 6.70 — 6.66 (m, 2H), 6.35 (d, J = 2.0 Hz, 1H),
6.25 - 6.19 (m, 1H), 5.82 — 5.78 (m, 1H), 5.67 — 5.61 (m, 2H), 3.83 (s, 3H), 3.76 (s, 3H),
3.65 (dd, J=12.5, 5.0 Hz, 1H), 3.49 (d, /= 7.0 Hz, 1H), 2.77 (dd, J = 15.5, 5.0 Hz, 1H),
2.42 — 2.33 (m, 1H); *C NMR (125 MHz, CDCl3) § 163.5, 157.5, 144.9, 133.5, 131.8,
130.8, 130.7, 129.0, 128.4, 127.9(4), 127.8(9), 126.5, 125.1, 124.8, 123.9, 122.7, 117.6,



115.4, 114.3, 112.5, 67.7, 59.1, 55.6, 55.0, 46.0, 29.5, 27.7; IR (neat): 2924, 1574, 1509,
1374, 1176, 1062, 745, 701, 631, 582; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C33H20NNaO4S™ 574.2023; Found 574.2022.

2-((4-bromophenyl)sulfonyl)-3b-(4-methoxyphenyl)-8-phenyl-3b,3¢,8,9-tetrahydro-
2H-benzo[2,3]cyclopropal1,2-¢]isoindole (4c)

4c

Compound 4¢ was prepared in 87% yield (104.2 mg) according to the general procedure.
56 h. Pale yellow solid. M.p = 79.3 — 79.6 °C. '"H NMR (400 MHz, CDCls) § 7.63 — 7.56
(m, 4H), 7.28 — 7.08 (m, 5H), 7.02 — 6.98 (m, 2H), 6.81 (s, 1H), 6.71 — 6.65 (m, 2H), 6.34
(d,/J=2.4 Hz, 1H), 6.25 — 6.20 (m, 1H), 5.82 — 5.76 (m, 1H), 5.67 — 5.61 (m, 2H), 3.77 (s,
3H), 3.65 (dd, J=12.0, 4.8 Hz, 1H), 3.48 (d, J = 6.8 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz,
1H), 2.43 — 2.31 (m, 1H); 3C NMR (100 MHz, CDCls) § 157.6, 144.7, 138.1, 134.4,
132.5, 131.9, 130.6, 128.7, 128.5, 128.2, 127.9(4), 127.9(0), 126.5, 125.2, 124.9, 123.9,
123.4, 117.7, 115.6, 112.6, 66.8, 58.3, 55.0, 45.8, 29.4, 27.5; IR (neat): 3034, 2925, 2853,
2183, 1656, 1510, 1375, 1176, 745, 583; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C32H26BrNNaO3S* 622.1022; Found 622.1020.

3b-(4-methoxyphenyl)-2-((4-nitrophenyl)sulfonyl)-8-phenyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropall,2-e]isoindole (4d)

4d

Compound 4d was prepared in 72% yield (83.8 mg) according to the general procedure.
56 h. Pale yellow oil. "H NMR (400 MHz, CDCls) § 8.41 — 8.36 (m, 2H), 8.02 — 7.96 (m,
2H), 7.37 — 7.26 (m, 3H), 7.23 — 7.18 (m, 2H), 7.12 — 7.06 (m, 2H), 6.92 (s, 1H), 6.81 —
6.75 (m, 2H), 6.44 (d, J = 2.4 Hz, 1H), 6.35 — 6.28 (m, 1H), 5.94 — 5.87 (m, 1H), 5.79 —
5.69 (m, 2H), 3.86 (s, 3H), 3.72 (dd, J = 12.4, 4.8 Hz, 1H), 3.54 (d, /= 6.8 Hz, 1H), 2.87



(dd, J = 15.6, 4.8 Hz, 1H), 2.52 — 2.42 (m, 1H); *C NMR (100 MHz, CDCL3) & 157.7,
150.5, 144.5, 135.4, 131.9, 130.4, 128.5, 128.0, 127.9, 126.6, 125.3, 125.0, 124.5, 124.3,
123.8, 117.8, 115.8, 112.6, 57.6, 55.1, 45.7, 29.3, 27.3, 15.9; IR (neat): 2956, 2925, 2854,
1609, 1533, 1350, 1250, 1181, 1060, 741, 701; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd
for C3H26NNaOsS* 605.2081; Found 605.2080.

3b-(4-methoxyphenyl)-2-(naphthalen-2-yl)-8-phenyl-3b,3¢c,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4¢)

-
( — N—SO,-2-naphthyl
X" PMP

4e

Compound 4e was prepared in 82% yield (93.7 mg) according to the general procedure.
54 h. Pale yellow oil. 'TH NMR (500 MHz, CDCls) § 8.36 (s, 1H), 7.95 — 7.85 (m, 3H),
7.70 — 7.58 (m, 3H), 7.28 — 7.22 (m, 2H), 7.20 — 7.16 (m, 1H), 7.12 (d, J = 7.0 Hz, 2H),
7.04 — 7.01 (m, 2H), 6.91 (s, 1H), 6.73 — 6.69 (m, 2H), 6.46 (d, J = 2.5 Hz, 1H), 6.25 —
6.19 (m, 1H), 5.84 — 5.79 (m, 1H), 5.68 — 5.62 (m, 2H), 3.76 (s, 3H), 3.63 (dd, J = 12.5,
5.0 Hz, 1H), 3.48 (d, /= 6.5 Hz, 1H), 2.76 (dd, J=16.0, 5.0 Hz, 1H), 2.43 — 2.33 (m, 1H);
3C NMR (125 MHz, CDCl3) § 157.6, 144.8, 136.0, 135.1, 133.9, 132.0, 131.9, 130.7,
129.6, 129.4, 129.3, 128.4, 128.3, 127.9(2), 127.8(9), 127.7, 126.5, 125.1, 124.8, 123.9,
123.0, 121.7, 117.9, 115.7, 112.5, 66.9, 58.3, 55.0, 45.9, 29.4, 27.5; IR (neat): 2925, 1510,
1365, 1245, 1174, 1061, 737, 641, 578; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C36H20NNaO3S™ 594.2073; Found 594.2071.

3b-(4-ethoxyphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropall,2-¢]isoindole (4f)




Compound 4f was prepared in 79% yield (86.8 mg) according to the general procedure. 4
d. White solid. M.p = 156.7 — 157.4 °C. 'H NMR (400 MHz, CDCl3) 8 7.66 — 7.62 (m,
2H), 7.28 — 7.10 (m, 7H), 7.03 — 6.99 (m, 2H), 6.84 — 6.81 (m, 1H), 6.71 — 6.66 (m, 2H),
6.37 (d, J = 2.0 Hz, 1H), 6.25 — 6.19 (m, 1H), 5.84 — 5.78 (m, 1H), 5.69 — 5.60 (m, 2H),
3.98 (q, J = 7.2 Hz, 2H), 3.65 (dd, J = 12.4, 4.8 Hz, 1H), 3.50 (d, J = 6.8 Hz, 1H), 2.77
(dd, J = 15.6, 4.8 Hz, 1H), 2.43 — 2.34 (m, 4H), 1.39 (t, J = 7.2 Hz, 3H); '3C NMR (100
MHz, CDCl;) 6 157.0, 144.9, 144.5, 136.3, 133.7, 131.8, 130.6, 129.8, 128.4, 128.0,
127.9, 126.8, 126.5, 125.1, 124.9, 123.9, 122.8, 117.8, 115.5, 113.0, 67.9, 63.1, 59.3, 46.0,
29.5, 27.8, 21.6, 14.9; IR (neat): 3033, 2979, 2927, 1609, 1509, 1369, 1243, 1171, 1061,
702, 674, 586; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C3sH3sNNaO3S* 572.2230;
Found 572.2229.

3b-(4-(benzyloxy)phenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4Q)

Compound 4g was prepared in 87% yield (106.3 mg) according to the general procedure.
96 h. Yellow oil. 'H NMR (400 MHz, CDCl3) § 7.67 — 7.62 (m, 2H), 7.46 — 7.18 (m,
10H), 7.16 — 7.12 (m, 2H), 7.06 — 7.01 (m, 2H), 6.85 — 6.76 (m, 3H), 6.39 (d, J = 2.4 Hz,
1H), 6.25 - 6.19 (m, 1H), 5.88 — 5.81 (m, 1H), 5.72 — 5.63 (m, 2H), 5.00 (s, 2H), 3.66 (dd,
J=12.4,48 Hz, 1H), 3.52 (d, /= 6.8 Hz, 1H), 2.78 (dd, /= 15.6, 4.8 Hz, 1H), 2.44 —2.34
(m, 4H); 1*C NMR (100 MHz, CDCl3) & 157.0, 144.8, 144.5, 137.2, 136.3, 133.6, 131.8,
131.2, 129.9, 129.8, 128.5, 128.4, 128.0, 127.9, 127.8, 127.7, 126.8, 126.5, 125.2, 124.9,
123.9,122.8, 117.8, 115.5, 113.4, 70.0, 59.9, 46.0, 29.5, 28.0, 21.6; IR (neat): 2925, 2855,
1603, 1508, 1351, 1164, 1093, 832, 737, 701. HRMS (ESI/QTOF) m/z: [M + Na]" Calcd
for C40H37NNaO3S"™ 634.2386; Found 634.2385.

3b-(4-phenoxyphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4h)



4h

Compound 4h was prepared in 83% yield (99.1 mg) according to the general procedure.
56 h. Pale yellow solid. M.p = 123.8 — 125.3 °C. '"H NMR (500 MHz, CDCl3) & 7.68 —
7.64 (m, 2H), 7.35 — 7.31 (m, 2H), 7.29 — 7.24 (m, 4H), 7.22 — 7.18 (m, 1H), 7.15 - 7.12
(m, 2H), 7.10 — 7.05 (m, 3H), 7.02 — 6.98 (m, 2H), 6.85 — 6.83 (m, 1H), 6.81 — 6.77 (m,
2H), 6.42 (d, J = 2.0 Hz, 1H), 6.26 — 6.20 (m, 1H), 5.89 — 5.80 (m, 1H), 5.73 — 5.63 (m,
2H), 3.67 (dd, J = 12.5, 5.0 Hz, 1H), 3.57 (d, J = 7.0 Hz, 1H), 2.79 (dd, J = 15.5, 5.0 Hz,
1H), 2.44 — 2.37 (m, 4H); 3C NMR (125 MHz, CDCls) § 157.2, 155.2, 144.7, 144.6,
136.3, 133.6, 133.3, 132.0, 129.8, 129.6, 128.5, 128.0, 127.8, 126.8, 126.5, 125.3, 125.1,
123.9, 123.1, 122.8, 118.9, 117.7, 117.3, 115.6, 70.0, 61.2, 46.1, 29.5, 28.5, 21.6; IR
(neat): 3035, 2923, 1590, 1504, 1489, 1237, 1172, 1061, 673, 584; HRMS (ESI/QTOF)
m/z: [M + Na]" Calcd for C39H3sNNaO3S* 620.2230; Found 620.2228.

3b-(4-((tert-butyldimethylsilyl)oxy)phenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-
2H-benzo[2,3]|cyclopropal1,2-¢]isoindole (4i)

4i

Compound 4i was prepared in 80% yield (101.6 mg) according to the general procedure.
11 h. Pale yellow oil. 'TH NMR (400 MHz, CDCls) § 7.65 — 7.61 (m, 2H), 7.29 — 7.11 (m,
7H), 6.98 — 6.92 (m, 2H), 6.84 — 6.81 (m, 1H), 6.64 — 6.60 (m, 2H), 6.37 (d, J = 2.4 Hz,
1H), 6.25 - 6.19 (m, 1H), 5.83 — 5.77 (m, 1H), 5.67 — 5.60 (m, 2H), 3.65 (dd, J=12.4, 5.2
Hz, 1H), 3.54 (d, J = 6.8 Hz, 1H), 2.77 (dd, J = 15.6, 4.8 Hz, 1H), 2.45 — 2.33 (m, 4H),
0.97 (s, 9H), 0.18 (s, 6H); 3C NMR (100 MHz, CDCl3) § 153.6, 144.9, 144.5, 136.3,



133.7, 1317, 131.6, 129.8, 128.4, 128.0, 127.8, 126.8, 126.5, 125.2, 125.0, 123.9, 122.8,
118.6, 117.8, 115.5, 69.6, 60.9, 46.1, 29.5, 28.4, 25.7, 21.6, 18.2, -4.3(7), -4.3(9); IR
(neat): 2931, 2858, 1604, 1508, 1255, 1173, 1062, 840, 781, 702, 585, 538; HRMS
(ESI/QTOF) m/z: [M + Na]" Caled for C3oH4sNNaO3SSi* 658.2782; Found 658.2781.

3b-(4-(methylthio)phenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4})

4j

Compound 4j was prepared in 78% yield (86.0 mg) according to the general procedure 48
h. Pale yellow solid. M.p = 88.8 — 90.2 °C. 'H NMR (400 MHz, CDCl3) § 7.72 — 7.67 (m,
2H), 7.35 - 7.15 (m, 7H), 7.11 — 7.02 (m, 4H), 6.83 (s, 1H), 6.38 (d, /= 2.4 Hz, 1H), 6.25
—6.20 (m, 1H), 5.90 — 5.85 (m, 1H), 5.76 — 5.68 (m, 2H), 3.67 (dd, J = 12.4, 4.8 Hz, 1H),
3.59 (d, J = 7.2 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz, 1H), 2.52 — 2.39 (m, 7H); *C NMR
(100 MHz, CDCls) & 144.7, 144.5, 136.3, 135.8, 135.6, 133.2, 131.1, 129.8, 128.5, 128.0,
127.7, 126.8, 126.5, 125.4, 125.3, 125.2, 123.9, 122.8, 117.7, 115.6, 71.1, 62.3, 46.2, 29.5,
29.0, 21.6, 15.7; IR (neat): 3029, 2923, 2855, 1597, 1494, 1369, 1171, 1062, 812, 674,
585, 538; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C34H33NNaO,S," 574.1845;
Found 574.1842.

8-phenyl-3b-(p-tolyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-benzo[2,3]|cyclopropa[1,2-
elisoindole (4k)




Compound 4k was prepared in 65% yield (67.5 mg) according to the general procedure. 3
d. Pale yellow oil. "H NMR (400 MHz, CDCl3) § 7.65 — 7.61 (m, 2H), 7.31 — 7.12 (m,
7H), 7.01 — 6.93 (m, 4H), 6.84 — 6.80 (m, 1H), 6.37 (d, J=2.4 Hz, 1H), 6.25-6.20 (t, J =
7.6 Hz, 1H), 5.86 — 5.79 (m, 1H), 5.71 — 5.63 (m, 2H), 3.68 (dd, J = 12.4, 5.2 Hz, 1H),
3.58 (d,J=6.8 Hz, 1H), 2.78 (dd, /= 15.6, 5.2 Hz, 1H), 2.45 — 2.36 (m, 4H), 2.28 (s, 3H);
13C NMR (100 MHz, CDCl3) § 144.8, 144.5, 136.4, 135.8, 135.4, 133.6, 130.5, 129.8,
128.4, 128.0, 127.8(3), 127.7(9), 126.8, 126.5, 125.2, 125.0, 124.0, 123.0, 117.9, 115.5,
71.0, 62.2, 46.2, 29.6, 29.1, 21.6, 21.2; IR (neat): 2949, 2925, 2856, 1453, 1369, 1172,
1061, 811, 674, 585; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C3sH33NNaO,S"
542.2124; Found 542.2122.

3b,8-diphenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]|cyclopropa|1,2-e]isoindole
(41)

41

Compound 41 was prepared in 85% yield (85.9 mg) according to the general procedure. 96
h. Pale yellow oil. '"H NMR (500 MHz, CDCls) § 7.66 — 7.60 (m, 2H), 7.31 — 7.09 (m,
12H), 6.85 — 6.81 (m, 1H), 6.36 (d, J = 2.0 Hz, 1H), 6.26 — 6.20 (m, 1H), 5.85 — 5.80 (m,
1H), 5.67 (d, J = 4.5 Hz, 2H), 3.69 (dd, J = 12.0, 5.0 Hz, 1H), 3.64 (d, J = 7.0 Hz, 1H),
2.80 (dd, J = 15.5, 4.5 Hz, 1H), 2.46 — 2.38 (m, 4H); '*C NMR (125 MHz, CDCls) &
144.7, 144.5, 139.0, 136.3, 133.4, 130.6, 129.8, 128.4, 128.0, 127.8, 127.0, 126.8, 126.5,
126.1, 125.3, 125.1, 124.0, 123.0, 117.8, 115.5, 72.1, 63.2, 46.3, 29.7, 29.6, 21.6; IR
(neat): 3029, 2926, 1737, 1597, 1445, 1369, 1171, 1061, 812, 752, 674, 586, 524; HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for C33H31NNaO,S™ 528.1968; Found 528.1967.

3b-(3-methoxyphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropal,2-e]isoindole (4m)



Compound 4m was prepared in 79% yield (84.6 mg) according to the general procedure.
89 h. Pale yellow solid. M.p = 171.5 — 172.2 °C. 'H NMR (400 MHz, CDCl3) 7.65 — 7.58
(m, 2H), 7.28 — 7.20 (m, 4H), 7.20 — 7.10 (m, 4H), 7.01 — 6.98 (m, 1H), 6.81 — 6.72 (m,
3H), 6.36 (s, 1H), 6.20 — 6.14 (m, 1H), 5.67 — 5.64 (m, 1H), 5.54 (d, /=9.6 Hz, 1H), 5.45
—5.35 (m, 1H), 3.68 — 3.52 (m, 4H), 2.86 (d, J = 6.0 Hz, 1H), 2.71 (dd, J = 16.0, 5.2 Hz,
1H), 2.38 (s, 3H), 2.31 — 2.20 (m, 1H); 3C NMR (100 MHz, CDCl3) § 158.2, 145.5,
144.3, 136.5, 133.7, 129.7, 128.4, 128.0, 127.9, 126.7, 126.3, 124.6, 122.6, 119.0, 117.2,
115.6, 111.2, 55.2, 44.0, 36.9, 29.7, 29.1, 21.6, 18.7; IR (neat): 3039, 2931, 1596, 1494,
1369, 1172, 1062, 741, 675, 585; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C34H33NNaO3S" 558.2073; Found 558.2072.

8-phenyl-3b-(m-tolyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-benzo|[2,3]cyclopropa|1,2-
elisoindole (4n)

4n

Compound 4n was prepared in 82% yield (85.1 mg) according to the general procedure.
65 h. Pale yellow oil. 'TH NMR (400 MHz, CDCl3) § 7.63 — 7.59 (m, 2H), 7.27 — 7.09 (m,
9H), 7.04 — 6.99 (m, 1H), 6.94 — 6.86 (m, 3H), 6.82 — 6.79 (m, 1H), 6.37 (d, J = 2.4 Hz,
1H), 6.25 - 6.19 (m, 1H), 5.84 — 5.79 (m, 1H), 5.69 — 5.63 (m, 2H), 3.69 (dd, J=12.4, 4.9
Hz, 1H), 3.63 (d, J = 7.2 Hz, 1H), 2.79 (dd, J = 15.6, 5.2 Hz, 1H), 2.44 — 2.33 (m, 4H),
2.26 (s, 3H); *C NMR (100 MHz, CDCls) § 144.8, 144.5, 138.9, 136.4, 136.3, 133.6,
131.3, 129.8, 128.4, 128.0, 127.7, 127.6, 126.9, 126.8, 126.7, 126.5, 125.3, 125.0, 124.0,
123.0, 117.9, 115.5, 72.5, 63.7, 46.3, 29.8, 29.6, 21.6, 21.4; IR (neat): 3027, 2921, 2852,



1598, 1449, 1352, 1163, 1092, 701, 544; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for
C34H33NNaO,S" 542.2124; Found 542.2123.

3b-(2-methoxyphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa|l,2-e]isoindole (40)

40

Compound 40 was prepared in 85% yield (91.0 mg) according to the general procedure.
56 h. White solid. M.p = 72.7 — 74.1 °C. 'H NMR (500 MHz, CDCl3) § 7.62 (d, J = 7.0
Hz, 2H), 7.28 — 7.22 (m, 4H), 7.19 — 7.12 (m, 4H), 7.02 (s, 1H), 6.83 — 6.71 (m, 3H), 6.37
(s, 1H), 6.22 — 6.14 (m, 1H), 5.67 (s, 1H), 5.55 (d, J = 9.5 Hz, 1H), 5.40 (s, 1H), 3.67 —
3.52 (m, 4H), 2.87 (d, J = 6.5 Hz, 1H), 2.72 (dd, J = 16.0, 5.5 Hz, 1H), 2.39 (s, 3H), 2.27
(t, J = 13.0 Hz, 1H); '*C NMR (125 MHz, CDCl3) § 158.2, 145.4, 144.3, 136.5, 133.6,
132.0, 129.7, 129.3, 129.0, 128.3, 128.0, 127.9, 126.7, 126.3, 124.5, 123.8, 122.6, 121.5,
119.0, 117.1, 115.6, 111.1, 55.2, 44.5, 44.0, 36.8, 29.0, 21.5, 18.7; IR (neat): 3032, 2929,
1598, 1492, 1428, 1369, 1285, 1172, 1062, 737, 701, 584; HRMS (ESI/QTOF) m/z: [M +
Na]" Calcd for C34H33NNaO3S™ 558.2073; Found 558.2072.

8-phenyl-3b-(o-tolyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-benzo[2,3]|cyclopropa[1,2-
elisoindole (4p)

Compound 4p was prepared in 83% yield (83.5 mg) according to the general procedure.
70 h. White solid. M.p = 172.0 — 172.6 °C. '"H NMR (500 MHz, CDCl3)$ 7.61 (d, J = 8.0
Hz, 2H), 7.27 — 7.22 (m, 4H), 7.14 — 6.96 (m, 7H), 6.82 (s, 1H), 6.34 — 6.25 (m, 2H), 5.75
—5.70 (m, 1H), 5.59 (d, J = 9.5 Hz, 1H), 5.47 — 5.42 (m, 1H), 3.47 (dd, J = 12.5, 5.0 Hz,



1H), 2.88 (d, J = 6.0 Hz, 1H), 2.73 (dd, J = 15.5, 5.0 Hz, 1H), 2.39 (s, 3H), 2.28 (t, J =
13.0 Hz, 1H), 1.97 (s, 3H); 3C NMR (125 MHz, CDCls) § 144.9, 144.4, 138.0, 136.2,
134.4, 133.0, 131.5, 130.6, 129.7, 128.4, 127.7, 127.1, 126.8, 126.6, 126.5, 124.0(3),
123.9(6), 123.5, 122.7, 122.4, 117.6, 115.9, 43.8, 42.7, 34.4, 28.9, 21.6, 20.8, 19.6; IR
(neat): 3033, 2923, 1493, 1369, 1173, 1093, 1061, 750, 675, 614, 585; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C33H20NNaO,S* 526.1811; Found 526.1810.

3b-(4-methoxy-3-methylphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa|l,2-e]isoindole (4Q)

Compound 4q was prepared in 72% yield (79.1 mg) according to the general procedure.
56 h. Pale yellow solid. M.p = 97 — 98.3 °C. 'H NMR (500 MHz, CDCls) & 7.64 (d, J =
8.5 Hz, 2H), 7.29 — 7.18 (m, 5H), 7.15 — 7.11 (m, 2H), 6.89 (dd, J = 8.5, 2.5 Hz, 1H), 6.85
—6.80 (m, 2H), 6.60 (d, J= 8.5 Hz, 1H), 6.38 (d, J=2.0 Hz, 1H), 6.22 (t, /= 8.0 Hz, 1H),
5.82 (t,J=7.0 Hz, 1H), 5.69 — 5.61 (m, 2H), 3.78 (s, 3H), 3.66 (dd, /= 12.5, 5.0 Hz, 1H),
3.50 (d,J=7.0 Hz, 1H), 2.77 (dd, J=15.5, 5.0 Hz, 1H), 2.43 — 2.36 (m, 4H), 2.12 (s, 3H);
3C NMR (125 MHz, CDCls) & 155.7, 144.9, 144.5, 136.3, 133.9, 133.0, 130.3, 129.8,
128.9, 128.4, 128.0, 127.9, 126.7, 126.4, 125.1, 124.9, 124.8, 123.9, 122.9, 117.9, 115.5,
108.4, 68.8, 60.2, 55.0, 46.1, 29.5, 28.1, 21.6, 16.3; IR (neat): 2926, 2855, 1597, 1503,
1369, 1243, 1172, 1061, 810, 674, 585; HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for
C3sH3sNNaO3S™ 572.2230; Found 572.2229.

3b-(3,4-dimethoxyphenyl)-8-phenyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4r)



4r

Compound 4r was prepared in 80% yield (90.4 mg) according to the general procedure.
58 h. Pale yellow solid. M.p = 72.6 — 73.9 °C. 'H NMR (500 MHz, CDCls) § 7.65 (d, J =
8.5 Hz, 2H), 7.26 — 7.23 (m, 4H), 7.21 — 7.17 (m, 1H), 7.15 — 7.12 (m, 2H), 6.85 — 6.81
(m, 1H), 6.68 — 6.58 (m, 3H), 6.41 (d, J = 2.5 Hz, 1H), 6.26 — 6.19 (m, 1H), 5.85 — 5.81
(m, 1H), 5.70 — 5.61 (m, 2H), 3.83 (s, 3H), 3.77 (s, 3H), 3.67 (dd, J = 12.5, 5.0 Hz, 1H),
3.53 (d, J= 7.0 Hz, 1H), 2.78 (dd, J = 15.5, 5.0 Hz, 1H), 2.43 — 2.36 (m, 4H); *C NMR
(125 MHz, CDCl3) 6 147.5, 147.0, 144.7, 144.5, 136.2, 133.5, 131.2, 129.8, 128.4, 127.9,
127.8, 126.7, 126.4, 125.2, 124.9, 123.8, 123.3, 122.7, 117.6, 115.5, 114.4, 109.8, 68.1,
59.5, 55.8, 55.6, 45.9, 29.4, 28.2, 21.5; IR (neat): 3031, 2932, 2856, 1598, 1369, 1188,
1093, 812, 737, 675, 584; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C3sH3sNNaO4S*
588.2179; Found 588.2178.

3b-(benzo[d][1,3]dioxol-5-yl)-8-phenyl-2-tosyl-3b,3¢c,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (45)

4s

Compound 4s was prepared in 87% yield (95.5 mg) according to the general procedure. 55
h. Pale yellow oil. '"H NMR (400 MHz, CDCls) & 7.68 — 7.64 (m, 2H), 7.28 — 7.10 (m,
7H), 6.84 — 6.82 (m, 1H), 6.64 — 6.55 (m, 3H), 6.44 (d, J = 2.0 Hz, 1H), 6.25 — 6.20 (m,
1H), 5.94 — 5.84 (m, 3H), 5.74 — 5.62 (m, 2H), 3.65 (dd, /= 12.4, 4.8 Hz, 1H), 3.56 (d, J =
6.8 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz, 1H), 2.46 — 2.34 (m, 4H); '3C NMR (100 MHz,
CDCl3) o 146.2, 145.5, 144.7, 144.5, 136.3, 133.4, 132.6, 129.8, 128.4, 127.9, 127.7,



126.8, 126.5, 125.4, 125.1, 124.0, 123.8, 122.8, 117.7, 115.5, 111.3, 107.1, 100.7, 70.9,
62.1,46.1, 29.5, 29.0, 21.6; IR (neat): 2925, 1490, 1369, 1226, 1061, 1040, 812, 702, 674,
585. HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C34sH3NNaO4S* 572.1866; Found
572.1865.

8-phenyl-3b-(thiophen-2-yl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4t)

4t

Compound 4t was prepared in 87% yield (88.9 mg) according to the general procedure. 50
h. Pale yellow oil. '"H NMR (400 MHz, CDCls) § 7.67 — 7.63 (m, 2H), 7.29 — 7.22 (m,
4H), 7.22 —7.16 (m, 1H), 7.13 — 7.09 (m, 2H), 7.02 (dd, J = 4.8, 1.2 Hz, 1H), 6.85 — 6.82
(m, 1H), 6.77 — 6.74 (m, 1H), 6.69 — 6.65 (m, 2H), 6.25 — 6.20 (m, 1H), 6.10 — 6.00 (m,
1H), 5.92 — 5.85 (m, 1H), 5.67 (d, J = 8.4 Hz, 1H), 4.05 (d, /= 7.2 Hz, 1H), 3.75 (dd, J =
12.0, 4.8 Hz, 1H), 2.83 (dd, J = 15.2, 4.8 Hz, 1H), 2.53 — 2.38 (m, 4H); '*C NMR (100
MHz, CDCl3) 6 144.6, 144.3, 143.3, 136.3, 133.5, 129.8, 128.4, 128.2, 128.0, 127.5,
126.7,126.6, 126.5, 126.3, 124.8, 124.1, 123.2, 123.0, 117.9, 115.6, 85.9, 46.5, 29.5, 28.2,
21.6; IR (neat): 3029, 2926, 2855, 1733, 1597, 1453, 1266, 1171, 1018, 814, 674, 586.
HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C31H2NNaO»S>" 534.1532; Found
534.1531.

3b-(4-methoxyphenyl)-5-methyl-8-(p-tolyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4u)

4u

Compound 4u was prepared in 50% yield (54.7 mg) according to the general procedure.
40 h. yellow oil. '"H NMR (400 MHz, CDCl3)$ 7.65 — 7.61 (m, 2H), 7.27 — 7.23 (m, 3H),



7.09 — 6.97 (m, 5H), 6.81 — 6.78 (m, 1H), 6.72 — 6.66 (m, 2H), 6.34 (d, J = 2.4 Hz, 1H),
5.90 (d, J = 6.8 Hz, 1H), 5.56 (d, J=9.6 Hz, 1H), 5.43 (d, J= 9.2 Hz, 1H), 3.77 (s, 3H),
3.56 (dd, J=12.4, 4.8 Hz, 1H), 3.27 (d, J = 6.8 Hz, 1H), 2.72 (dd, J = 15.6, 5.2 Hz, 1H),
2.40 (s, 3H), 2.32 — 2.28 (s, 4H), 1.56 (s, 3H); '*C NMR (100 MHz, CDCl3) & 157.5,
144.4, 142.1, 136.4, 135.9, 133.8, 133.0, 132.1, 131.0, 129.8, 129.1, 128.3, 127.8, 127.0,
126.8, 122.9, 1204, 117.6, 115.4, 112.4, 60.8, 55.1, 53.3, 45.0, 29.6, 26.5, 21.6, 21.4,
21.0; IR (neat): 3023, 2926, 2858, 1597, 1514, 1369, 1172, 1062, 814, 672, 539. HRMS
(ESI/QTOF) m/z: [M + Na]" Calcd for C3sH33NNaO3S* 570.2073; Found 570.2072.

5-fluoro-8-(4-fluorophenyl)-3b-(4-methoxyphenyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4v)

4v

Compound 4v was prepared in 98% yield (108.8 mg) according to the general procedure.
40 h. Pale yellow solid. M.p = 92.2 — 93.5 °C. 'H NMR (400 MHz, CDCls) & 7.65 — 7.61
(m, 2H), 7.27 — 7.23 (m, 2H), 7.10 — 7.01 (m, 4H), 6.99 — 6.92 (m, 2H), 6.84 (s, 1H), 6.72
— 6.67 (m, 2H), 6.43 (d, J = 2.4 Hz, 1H), 5.97 — 5.91 (m, 1H), 5.75 — 5.70 (m, 1H), 5.65 —
5.58 (m, 1H), 4.03 — 3.97 (m, 1H), 3.78 — 3.67 (m, 4H), 2.81 (dd, J = 15.6, 4.8 Hz, 1H),
2.47 — 2.37 (m, 4H); *C NMR (100 MHz, CDCl3)§ 161.6 (d, J =243.0 Hz), 159.2 (d, J
=233.0 Hz), 157.9, 144.6, 139.9 (d, J = 3.0 Hz), 136.2, 133.6, 131.5, 130.5, 129.8, 129.4
(d, /=8.0 Hz), 128.4 (d, J=10.0 Hz), 126.7, 122.8, 117.9, 115.6 (d, J =5.0 Hz), 115.4 (d,
J =21.0 Hz), 115.3, 112.8, 108.3 (d, J = 27.0 Hz), 85.5, 55.0, 46.2, 33.4, 29.9, 21.6; '°F
NMR (471 MHz, CDClI3) 6 -116.1, -112.6; IR (neat): 2921, 2858, 1369, 1248, 1172, 1062,
825, 672, 540; HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for Cs3H27FaNNaO3;S*
578.1572; Found 578.1571.

5-chloro-8-(4-chlorophenyl)-3b-(4-methoxyphenyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropall,2-e]isoindole (4w)



Compound 4w was prepared in 57% yield (74.0 mg) according to the general procedure.
65 h. Pale yellow oil. 'H NMR (500 MHz, CDCls) § 7.64 (d, J = 8.5 Hz, 2H), 7.27 — 7.22
(m, 4H), 7.05 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 9.0 Hz, 2H), 6.83 (s, 1H), 6.72 (d, J =9.0
Hz, 2H), 6.39 (d, J = 2.5 Hz 1H), 6.23 (d, J = 7.5 Hz, 1H), 5.66 — 5.62 (m, 2H), 3.78 (s,
3H), 3.66 — 3.58 (m, 2H), 2.77 (dd, J = 15.5 Hz, 1H), 2.42 — 2.31 (m, 4H); '*C NMR (125
MHz, CDCl3) 6 158.0, 144.7, 142.7, 136.2, 132.7, 132.5, 131.2, 130.4, 130.1, 129.8,
129.2, 129.1, 128.8, 126.8, 126.6, 122.2, 121.8, 118.1, 115.7, 112.9, 65.2, 55.1, 45.5, 31.5,
30.5, 22.6, 21.6; IR (neat): 3285, 2203, 1704, 1532, 1491, 1322, 1184, 1093, 830, 527,
HRMS (ESI/QTOF) m/z: [M + Na]" Calcd for C3sH3iCI,NNaOsS™ 627.1924; Found
627.1923.

5-bromo-8-(4-bromophenyl)-3b-(4-methoxyphenyl)-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropa[l,2-e]isoindole (4x)
Br

4x

Compound 4x was prepared in 88% yield (110.6 mg) according to the general procedure.
55 h. Pale yellow oil. '"H NMR (500 MHz, CDCl3) § 7.63 (d, J = 8.0 Hz, 2H), 7.39 (d, J =
8.5 Hz, 2H), 7.26 (d, J = 7.5 Hz, 2H), 7.02 — 6.95 (m, 4H), 6.83 (s, 1H), 6.72 (d, J = 8.5
Hz, 2H), 6.43 — 6.37 (m, 2H), 5.84 (d, J = 9.0 Hz, 1H), 5.57 (d, J=9.0 Hz, 1H), 3.78 (s,
3H), 3.67 — 3.59 (m, 2H), 2.78 (dd, J = 15.5 Hz, 1H), 2.42 — 2.31 (m, 4H); '*C NMR (125
MHz, CDCls) 6 157.9, 144.7, 143.1, 136.1, 132.6, 131.7, 131.0, 130.4, 129.8, 129.6,
129.1, 128.9, 126.8, 125.2, 122.2, 120.5, 118.9, 118.0, 115.7, 112.8, 68.1, 55.1, 45.7, 31.0,
29.3, 21.6; IR (neat): 3051, 2932, 2837, 1609, 1489, 1369, 1248, 1171, 1062, 816, 738,
676, 538; HRMS (ESI/QTOF) m/z: [M + Na]* Caled for C34H31BroNNaO3S™ 714.0284;
Found 714.0284.



3b-(4-methoxyphenyl)-8-methyl-2-tosyl-3b,3¢,8,9-tetrahydro-2 H-
benzo[2,3]cyclopropall,2-e]isoindole (4z)

Me
-
(0, — N—Ts
X PMP
4z

Compound 4z was prepared in 94% yield (86.0 mg) according to the general procedure.
48 h. Pale yellow oil. 'H NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.5 Hz, 2H), 7.22 (d, J =
8.0 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.80 — 6.76 (m, 1H), 6.64 (d, J = 8.5 Hz, 2H), 6.44
(d, J=2.0 Hz, 1H), 6.19 — 6.13 (m, 1H), 6.06 (d, J = 8.0 Hz, 1H), 5.96 — 5.88 (m, 2H),
3.77 — 3.72 (m, 4H), 2.67 (dd, J = 15.0, 4.5 Hz, 1H), 2.60 — 2.55 (m, 1H), 2.38 (s, 3H),
2.09 — 2.02 (m, 1H), 1.06 (d, J = 6.5 Hz, 3H); 3*C NMR (100 MHz, CDCI3) § 157.4,
144.4, 136.4, 134.5, 132.8, 130.7, 129.7, 126.6, 126.4, 125.6, 125.2, 124.7, 123.2, 117.6,
115.4, 112.3, 55.0, 34.8, 34.4, 33.7, 28.3, 21.6, 21.6, 20.0. IR (neat): 2954, 2925, 2855,
1609, 1509, 1460, 1291, 1172, 1062, 812, 789, 674, 605, 583, 538; HRMS (ESI/QTOF)
m/z: [M + Na]" Calcd for C2sH27NNaO3S* 480.1604; Found 480.1598.

4.3 Synthetic transformations
10a-(4-methoxyphenyl)-2-methyl-2,4,5,10a-tetrahydrocycloheptale]isoindole(5a)
1) KOH (5 equiv)

Z NS THF:MeOH = 1:1 7 N-Me
— 80°C, 8 h —
PMP 2) NaH (2 equiv) PMP
Mel (2 equiv)
DMF, rt, Ny, 1 h
2a 5a, 75%

Compound 5a was prepared in 75% yield according to the known procedure (0.1 mmol
scale, 22.5 mg)."? Pale yellow oil. 'TH NMR (400 MHz, CDCl3) § 7.07 (d, J = 8.8 Hz, 2H),
6.60 (d, J = 8.4 Hz, 2H), 6.36 — 6.25 (m, 3H), 6.21 — 6.15 (m, 2H), 6.00 (d, J = 2.0 Hz,
1H), 5.07 (d, J = 8.8 Hz, 1H), 3.70 (s, 3H), 3.48 (s, 3H), 2.85 — 2.69 (m, 3H), 2.59 — 2.44
(m, 1H); *C NMR (100 MHz, CDCl3) § 157.0, 137.2, 130.4, 128.5, 128.4, 127.5, 125.6,
124.7, 123.4, 118.9, 118.5, 116.8, 116.3, 111.9, 54.9, 43.8, 36.0, 35.1, 21.8; IR (neat):
2924, 2849, 1702, 1607, 1459, 1394, 1243, 1174, 823, 789, 703; HRESIMS Calcd for
[C21H21NNaO]" [M + Na'] 326.1515, found 326.1514.

10a-(3-methoxyphenyl)-2-tosyl-1,2,3,4,5,10a-hexahydrocyclohepta[e]isoindole(Sb)



% N/TS N/TS
— NaBH;CN (5 equiv) 0
-~ PMP
PMP DCM:TFA = 10:1 O
0°C,1h

2a 5b, 85%

Compound 5b was prepared in 85% yield according to the known procedure (0.1 mmol
scale, 37.8 mg).! Pale yellow oil. 'H NMR (500 MHz, CDCl3) § 7.73 (d, J = 8.0 Hz, 2H),
7.32 (d,J=28.5Hz, 2H), 7.22 — 7.13 (m, 3H), 7.04 (d, /= 8.0 Hz, 1H), 6.91 (d, /= 8.5 Hz,
2H), 6.71 (d, J = 9.0 Hz, 2H), 4.35 — 4.31 (m, 2H), 4.21 — 4.19 (m, 1H), 4.11 — 4.08 (m,
1H), 4.01 — 3.98 (m, 1H), 3.75 (s, 3H), 2.91 — 2.80 (m, 1H), 2.49 — 2.34 (m, 4H), 2.29 —
2.27 (m, 1H), 2.10 — 2.05 (m, 1H); 3*C NMR (125 MHz, CDCl3) § 157.9, 143.4, 142.6,
140.0, 133.8, 133.3, 132.6, 130.2, 129.8, 129.3, 129.3, 128.1, 127.5, 127.3, 126.2, 113.6,
59.6, 59.4, 55.2, 48.0, 30.5, 27.1, 21.5; IR (neat): 2923, 1733, 1654, 1595, 1456, 1256,
1180, 1090, 700, 664, 583, 541; HRESIMS Calcd for [C27H27NNaO3S]™ [M + Na']
468.1604, found 468.1602.

3b-(4-methoxyphenyl)-2-tosyl-3b,3¢,4,4a,7a,8,9,10-octahydro-7H-4,8-
ethenoisobenzofuro(5',6':2,3]cyclopropal1,2-e]isoindole-5,7(2H)-dione(5¢)
Z NS
— maleic anhydride

PMP (5 equiv) _ 0
toluene, 100 °C, 12 h

o)

PMP

o' H;
2a 5¢, 91%, dr > 20:1

Compound 5S¢ was prepared in 91% yield (dr > 20:1) according to the known procedure
(0.1 mmol scale, 49.3 mg).? Pale yellow oil. 'TH NMR (400 MHz, CDCl3) § 7.64 — 7.53 (d,
J=18.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.91 — 6.65 (m, 5H), 6.02 (s, 1H), 5.42 — 5.22
(m, 2H), 3.81 (s, 3H), 3.62 — 3.60 (m, 2H), 3.40 — 3.38 (m, 1H), 3.21 — 3.18 (m, 1H), 2.65
—2.63 (m, 1H), 2.39 (s, 3H), 2.30 — 2.17 (m, 1H), 2.09 — 2.06 (m, 2H), 1.65 — 1.63 (m,
1H); '*C NMR (100 MHz, CDCI3) § 172.3, 171.7, 157.8, 144.6, 136.1, 133.3, 133.1,
131.0, 130.0, 129.8, 126.7, 122.1, 117.9, 115.7, 114.6, 113.6, 55.2, 45.5, 44.6, 38.8, 33.9,
32.5, 31.7, 29.5, 23.7, 21.6, 19.7; IR (neat): 2954, 2343, 1791, 1660, 1507, 1169, 1062,
932, 816, 702, 668; HRESIMS Calcd for [C31H27NNaOeS]" [M + Na'] 564.1451, found
564.1452.



3b-(4-methoxyphenyl)-8-phenyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]cyclopropal1,2-
elisoindole (5d)

KOH (5 equiv)
N Ts THF: MeOH =1: 1
( 0rcan (

5d, 83%

Compound 5d was prepared in 83% yield (60.4 mg) according to the known procedure
(0.2 mmol scale).! Yellow solid. M.p = 160.8 — 162.5 °C. 'H NMR (500 MHz, CDCl3) §
7.81 (s, 1H), 7.33 — 7.29 (m, 2H), 7.29 — 7.24 (m, 3H), 7.20 — 7.11 (m, 2H), 6.70 — 6.67
(m, 2H), 6.50 (s, 1H), 6.35 — 6.29 (m, 1H), 6.11 — 6.05 (m, 1H), 5.95 — 5.85 (m, 1H), 5.82
—5.70 (m, 2H), 3.83 — 3.75 (m, 2H), 3.74 (s, 3H), 2.89 (dd, J = 15.5, 5.0 Hz, 1H), 2.65 —
2.49 (m, 1H); *C NMR (125 MHz, CDCls) § 157.2, 145.8, 133.0, 131.4, 128.3, 128.2,
127.7, 126.2, 125.1, 125.0, 124.2, 116.9, 115.3, 112.9, 112.2, 77.9, 68.8, 55.0, 47.5, 30.5,
30.1; IR (neat): 3357, 3337, 1612, 1511, 1246, 1060, 1034, 786, 768, 699, 531; HRMS
(ESI/QTOF) m/z: [M + Na]* Calcd for C26H22NNaOS™ 387.1594; Found 387.1593.

3b-(4-methoxyphenyl)-8-phenyl-2-tosyl-2,3,3b,3c,8,9-hexahydro-1H-
benzo[2,3]cyclopropa[l,2-e]isoindole (5€e)
Ph

-
(’//, - N"Ts " NaBHCN (5 equiv)
o pyp  DCM:TFA=10:1,0°C,1h (

4a 5e, 73%

Compound Se was prepared in 73% yield (76.1 mg) according to the known procedure
(0.2 mmol scale).? Yellow solid. M.p = 61.2 — 62.2 °C. "H NMR (500 MHz, CDCls) § 7.66
(d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.18 — 7.14 (m, 3H), 7.10 — 7.06 (m, 2H),
7.01 — 6.96 (m, 3H), 6.87 — 6.83 (m, 1H), 6.74 — 6.70 (m, 2H), 6.67 — 6.63 (m, 2H), 4.93
(s, 1H), 4.56 (dd, J=9.0, 3.0 Hz, 1H), 4.26 — 4.18 (m, 1H), 4.09 (d, J= 11 Hz, 2H), 3.82 —
3.73 (m, 4H), 2.87 — 2.75 (m, 1H), 2.59 (d, J = 18.0 Hz, 1H), 2.44 (s, 3H); *C NMR (125
MHz, CDCls) 6 158.0, 143.4, 143.1, 142.2, 141.1, 133.7, 131.0, 130.9, 130.2, 130.1,
129.7, 129.6, 129.2, 128.3, 127.8, 127.5, 126.8, 126.4, 126.3, 113.6, 60.1, 59.3, 55.2, 47.9,
46.2, 31.0, 21.5; IR (neat): 2925, 1609, 1509, 1344, 1253, 1163, 1098, 1033, 815, 736,
671; HRMS (ESI/QTOF) m/z: [M + Na]" Caled for C33H3NNaO3S" 544.1917; Found
544.1916.



5. Crystal Data

Crystal data and structure refinement for 4a. CCDC Number = 2410274

ORTEP drawing of 4a (thermal ellipsoids set at 50% probability). Recrystallization from
n-hexane/DCM afforded single crystals suitable for X-ray diffraction analysis.
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Cell: a=13.4398(8) b=16.1210(9) c=24.2005(11)
alpha=90 beta=90 gamma=90
Temperature: 100 K
Calculated Reported
Volume 5243.4(5) 5243.4(5)
Space group Pbca Pbca
Hall group -P Zac Z2ab -F 2ac Z2ab
Moiety formula C33 HZ29 N 03 5 C33 HZ29 N 03 s
Sum formula C33 H29 N 03 5 C33 H29 N 03 5
Mr 519.63 519.63
Dx,g cm-3 1.316 1.317
Z 8 8
Mu (mm-1) 0.160 0.160
F0OO0O0 2192.0 2192.0
FO00”’ 2193.89
h,k, lmax 17,21, 32 17,21,32
Nref 6523 6519
Tmin, Tmax 0.962,0.972 0.702,0.746
Tmin’ 0.962

Correction method= # Reported T Limits: Tmin=0.702 Tmax=0.746
AbsCorr = MULTI-SCAN

Data completeness= 0.999 Theta (max)= 28.321

wRZ (reflections) =

R(reflections)= 0.0442( 5445) 0.1064( 6519)

S =1.070 Npar= 345
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6. HPLC Chromatograms
ent-2a: IC, n-hexane/2-propanol = 94/6, v = 1.0 mL min*, A =220 nm
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1 20.442 559.600 782.126 50.40 5444 na.
2 22.750 550.823 654.632 49.60 45.56 na.
Total: 1110.422 1436.758 100.00 100.00
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min mAU*min mAU % %
1 21.825 1784.571 2632.975 61.30 65.37 n.a.
2 24.217 1126.467 1394.726 38.70 34.63 n.a.
Total: 2911.038 4027.701 100.00 100.00




ent-4a: IC, n-hexane/2-propanol = 90/10, v = 1.0 mL min, A =254 nm

7 HJJ-02481901HG1 # [FF5]

UV VIS_1 WVL-254 nm
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_20;|----|----\- T T —1 r r r T | _ft r Tt r [ Tt r 1 T [ Tt T T T [ T T T T T T T T T
[1] 25 al a5 100 125 150 175 20 25 248
R Jmin]
No. |Peak Name Ret Time Area Height Rel. Area Rel. Height Type
min mAU*min mAU % %
1 16.146 123434 174.798 5025 56.75 na.
2 20.021 122 226 133.233 4975 43.25 na.
Total: 245.659 308.032 100.00 100.00
n 7 HJJI3290-1HG—2 M [T 847 UV_VIS_2 WVL-Z2 nm
120—_ 12-19.475
100
0
2
m_
% 1 |1-15.658
=S
A
20
0
1 I
_m_l T T T T T T T T T T T T T T T T T T 1
LX) al 100 150 20 P11 Pt
TR jmin]
No. |Peak Name Ret. Time Area Height Rel. Area Rel. Height Type
min mALU*min mAl % %
1 15.658 44196 59.060 26.82 3270 n.a.
2 19.475 120.602 121.549 73.18 67.30 n.a.
Total: 164.798 180.609 100.00 100.00
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Analysis: '3C NMR
Field strength: 125 MHz

Solvent: CDCI
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Analysis: 1°C NMR
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Analysis: "H NMR

Solvent: CDClI4
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Analysis: "3C NMR
Solvent: CDCl
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Solvent: CDCl;
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Solvent: CDCl3
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Analysis: "H NMR
Solvent: CDCl;
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Solvent: CDCl3
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Solvent: CDCl;
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Analysis: "H NMR
Solvent: CDCl;
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Analysis: "H NMR
Solvent: CDCl 3
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Analysis: "H NMR
Solvent: CDCI;
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Analysis: 1°C NMR
Solvent: CDCl3
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Solvent: CDCl3
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Analysis: 1°C NMR
Solvent: CDCl3

Field strength: 100 MHz
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Solvent: CDCl3
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Analysis: "TH NMR
Solvent: CDCl;

Field strength: 400 MHz
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Analysis: "H NMR
Solvent: CDCI;

Field strength: 400 MHz
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Analysis: 1°C NMR
Solvent: CDCl3

Field strength: 100 MHz

9L°€LL—
NV —

SO'GLL—
9C'GLL—

T
112

113

T
114

f1 (ppm)

50 30 10 -10

70

T
110

T T T T
140 130

—
150

T T T T T T T T
210 200 190 180 170

T
220

£1 (ppm)



Analysis: "°F NMR
Solvent: CDCl 4
Field strength: 471 MHz
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Analysis: "TH NMR
Solvent: CDCl;

Field strength: 400 MHz
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Analysis: 1°C NMR
Solvent: CDCl3

Field strength: 100 MHz
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Analysis: °C NMR
Solvent: CDCl3

Field strength: 100 MHz
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Analysis: "H NMR

Solvent: CDCI;

Field strength: 400 MHz
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Analysis: 1°C NMR
Solvent: CDCl3

Field strength: 100 MHz
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Analysis: "°F NMR
Solvent: CDCl 4

Field strength: 471 MHz
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Analysis: '"H NMR

Solvent: CDCl4

Field strength: 400 MHz
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Analysis: '3C NMR YERECON Y | N\ || Y
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Analysis: '"H NMR

Solvent: CDCl4
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Analysis: "“C NMR N Nt N L v
Solvent: CDCl;
Field strength: 125MHz
T N_Ts
J_,.F‘d- m—
PMP
A
2a

! l ml | i L

T
210

T
200

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100
f1 (ppm)

90 80 70

60

50

40

30

20

10

-10



000 0—

Vel e —

L8 T~
VLV

erT”
ver”
8r1 "
g8er "
LT
A

€82 .©W
2629

A

611 9"
P19 9~
1€9°9-"

618 °9—

260 "L~
670 L

I

=

PMP

Analysis: '"H NMR

Solvent: CDCl4
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Analysis: 13C NMR YR N2 Y
Solvent: CDCl 4
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Analysis: '"H NMR

Solvent: CDCl -
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Analysis: "°C NMR NS N2 o
Solvent: CDCl4
Field strength: 100 MHz
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Analysis: '"H NMR
Solvent: CDCl -
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Analysis: "°C NMR

Solvent: CDCl4

Field strength: 100 MHz
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Analysis: '"H NMR

Solvent: CDCl -
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Analysis: "°C NMR

Solvent: CDCl4

Field strength: 100 MHz
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Analysis: '"H NMR

Solvent: CDCl -

Field strength: 400 MIHz
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Analysis: "°C NMR
Solvent: CDCl4
Field strength: 100 MHz
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Analysis: '"H NMR
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Analysis: "°C NMR

Solvent: CDCl4

M-—Ts

CPh

b

Field strength: 100 MHz

Ve 8IT—

L9°8IT—
G8 8IT—

80 611—

29

120.0 119.5 119.0 118.5 118.0 117.5

120.5

1 (ppm)

i

wll

Wy

T
-20

-10

30 20 10

40

70

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220




000 0—

V€T T
06€ ‘2
80V "¢
Vev e
0vv "¢
8V ¢
829 °C
179 °¢
989 ¢
069 ¢
0L 72
62L°C
¥§L 2

=\ e

G8L T~
L08 7"

660 9
€219
719
181 9~%

08T 9—
¢SC 9 F
69¢ 9
¥8¢°9

€659
wmm.wuvi
86.°9

mmm.@uﬁu
2L8°9—
656 '9—7F
mh@.@l\1
022 "L~
0¥z L~

G65 "L~
919 L=~

Analysis: '"H NMR

Solvent: CDCl -
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Analysis: "°C NMR

Solvent: CDCl4
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Analysis: "°C NMR
Field strength: 100 MHz
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Analysis: "°C NMR
Field strength: 100 MHz
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Analysis: '"H NMR
Solvent: CDCl4
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Field strength: 400 MHz

Analysis: '"H NMR
Solvent: CDCl4
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Analysis: "°C NMR

Solvent: CDCl4
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Analysis: '"H NMR

Solvent: CDCl4
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Analysis: '"H NMR

Solvent: CDCl4
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Analysis: "°C NMR

Solvent: CDCl4

Field strength: 100 MHz
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Analysis: '"H NMR

Solvent: CDCl4
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Analysis: "°C NMR

Solvent: CDCl4

Field strength: 100 MHz

89
ov

29
€6

0¢
€L

€L”
9¢€ "

Vel —
6ol —

901~
91—

‘601 —
‘601 —

M-Ts

b

PMP

2y

134 132 130 128 126 124 122

136

£1 (ppm)

.

W

T
-20

-10

30 20 10

40

70

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220




000 0—

6LE T~
91y 7=
5292

989 7\

1L9°¢—7%
789 .N.\.
60L°C
61L°C
8€L°C

6V. ¢

9¢L € —

[

Analysis: '"H NMR

Solvent: CDCl 4
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Analysis: "F NMR
Solvent: CDCl 4

Field strength: 471 MHz
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Field strength: 400 MHz

Analysis: '"H NMR
Solvent: CDCl4
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Analysis: "°C NMR

Solvent: CDCl4
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Analysis: '"H NMR
Solvent: CDCl;

[ |
£
=
o
o
L)
lm
=)
-
2
A
oy
=
L
L

.

LA

)

J f

Faeov

Foor |

Fo02

60 |

660 |

L1670

66T |

660
602

Foos |

F20°¢

0.0 -0.5

0.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

8.5

9.0

£1 (ppm)



69—

€L/~
Ly6c—

16'Gr—

106G —
L0'6G—

6T
LSS
vL L)
08'2Z1
69°€Z1
S8Vl
0L'sZ1
8y'9z1
12°92)
69221
G6'221
zr'ezL
L8'6ZL~E
LL0SL—F
Z8'1EL
N@.mf\
0€'9€1
0S Pl ~_
S8y~

191Gl —

Analysis: 3C NMR
Solvent: CDCl;

Field strength: 125 MHz
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Analysis: 3C NMR

Solvent: CDCl;

Field strength: 125 MHz
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Analysis: "TH NMR
Solvent: CDCl;

Field strength: 400 MHz
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Analysis: °C NMR
Solvent: CDCl3

Field strength: 100 MHz
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Analysis: "H NMR
Solvent; CDCl -

Field strength: 400 MHz
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Analysis: °C NMR
Solvent: CDCl4

Field strength: 100 MHz
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Analysis: '"H NMR
Solvent: CDCl 4
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Analysis: °C NMR
Solvent: CDCl4

Field strength: 100 MHz
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Solvent: CDCl
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Analysis: "*C NMR
Field strength: 125 MHz

Solvent: CDCl;
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Analysis: '"H NMR
Solvent: CDCl;
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Analysis: "TH NMR
Solvent: CDCl;
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Analysis: 13C NMR
Solvent: CDCl3

Field strength: 100 MHz
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Solvent: CDCl4
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Solvent: CDCl4
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Field strength: 500 MHz
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Analysis: '"H NMR
Solvent: CDCl 4
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Analysis: °C NMR
Solvent: CDCl4

Field strength: 100 MHz
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Analysis: "H NMR
Solvent: CDCl;

Field strength: 400 MHz
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Analysis: "H NMR
Solvent: CDCl;
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Solvent: CDCl;

Field strength: 500 MHz
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Analysis: 'C NMR
Solvent: CDCl;

Field strength: 125 MHz
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Analysis: '"H NMR
Solvent: CDCl;
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Field strength: 500 MHz
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Analysis: 'C NMR
Solvent: CDCl;

Field strength: 125 MHz
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Analysis: '"H NMR
Solvent: CDCl;

Field strength: 500 MHz
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Analysis: 3C NMR
Solvent: CDCl;

Field strength: 125 MHz
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solvent: CDCl 4

Field strength: 500 MHz
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Analysis: 'C NMR
Solvent: CDCl;

Field strength: 125 MHz
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Analysis: '"H NMR
Solvent: CDCl;
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Analysis: "TH NMR
Solvent: CDCl;
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Field strength: 100 MHz
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Analysis: "TH NMR
Solvent: CDCl;
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Analysis: "TH NMR
Solvent: CDClI;
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Analysis: "°F NMR
Solvent: CDCl 4

Field strength: 471 MHz
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Analysis: '"H NMR
Solvent: CDCl;
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Analysis: 3C NMR
Solvent: CDCl;

Field strength: 125 MHz
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Analysis: '"H NMR
Solvent: CDCl;
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Analysis: 1°C NMR
Solvent: CDClI -
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Analysis: '"H NMR

Solvent: CDCl4
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Analysis: "°C NMR | S\ 1= N2 Y
Solvent: CDCl4
Field strength: 100 MHz
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Analysis: '"H NMR

Solvent: CDCl4
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Analysis: "°C NMR

Solvent: CDCl4

Field strength: 125 MHz
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Analysis: '"H NMR
Solvent: CDCl4
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Analysis: 1°C NMR

Solvent: CDCl4

Field strength: 100 MHz
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Analysis: 3C NMR
Solvent: CDCl;

Field strength: 125 MHz

olvel —

10°GeL ~
yL'ecL—

€C9¢l —

VL2l —

vZ'8¢l ~
ze8eL—"

f1 (ppm)

j

B

T T T
130 110 80 70 50 30 10 -10

—
140

T
150

T T T
210 200 190

—
220

f1 (ppm)



000°0-—

8€r'Z
€15C
mom.m%
88/
1062\
81827

[ K4

Analysis: '"H NMR
Solvent: CDCl;

Field strength: 500 MHz
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Analysis: 'C NMR
Solvent: CDCl;

Field strength: 125 MHz
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