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1. General information

Unless otherwise stated, all reactions were performed in sealed tube (capacity 15 mL).
Commercially available reagents were used without further purification. NMR spectra
were recorded on Bruker Avance NEO 500 or Bruker Avance I11 600 instruments and
calibrated using residual solvent peaks as internal reference. Chemical shifts () were
expressed in ppm with reference to the solvent signals. Coupling constants J are given
in Hz. High-resolution mass spectra (HRMS) were obtained using electrospray
ionization (ESI) [quantitative time-of-flight (Q-TOF)] ionization sources on an Agilent
6200 Q-TOF MS. Melting points were determined on a SGW X-4A melting point
apparatus. X-ray diffraction was obtained by Bruker D8 QUEST. TLC analyses were
performed on commercial glass plates bearing 0.25-mm layer of Merck Silica gel
GF254. Silica gel (Huanghai 300-400 mesh) was used for flash column

chromatography.
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2. Screening of reaction conditions.

Table S1 Optimization of the catalyst.

TS_N&Q 7 I $

catalyst (10 mol%)

TsN | or TsN |
0] DCE (0.1 M)
80 °C, time, N, O O
1a 2a 3a
Entry? Catalyst Solvent Time Conversion (%) yield of 2a/3a (%)
1 AgOTf DCE 14 h 94 40/<5
2 AgNTf, DCE 14 h 95 21/ trace
3 CuOTf DCE 14 h 95 45/<5
4 Cu(OTf), DCE 14 h >95 57/<5
5 Fe(OTf), DCE 14 h 0 NR
6 Sc(OTf); DCE 10h >95 70/<5
7 B(CeF5)3 DCE 14 h <10 trace / trace
8 Hg(OTf), DCE 14 h >95 13/<5
9 Sn(OTf), DCE 14 h >95 54 /<5
10 Zn(OTf), DCE 14 h 0 NR
11 Ni(OTf), DCE 14h 0 NR
12 In(OTf)3 DCE 14 h 90 40/<5
13 HOTf DCE 14 h 73 52 / trace
14 HNTf, DCE 14 h >95 43 /<5
15 TMSOTf DCE 14 h 82 45 / trace
16 Yb(OTf)3 DCE 10h 63 42 / trace
17 BF3-Et,O DCE 10h >95 42/28
18 Y(OTf)3 DCE 10h 60 37 / trace
19 La(OTf)3 DCE 10h 30 13/ trace
20 Er(OTf); DCE 10h 73 39/ trace
21 TsOH DCE 14 h 46 trace / ND
22 TsOH+H,0 DCE 14 h 47 trace / ND
23 Fe(OTf)3 DCE 10h >95 54 /<5
24 CuCl, DCE 14 h <10 ND / ND
25°¢ CuCl, / NaBArg DCE 14 h >95 11/15
26 Cu(MeCN)4PFg DCE 14 h 52 11/ trace
27 Sc(OTf)3 TFE 10h >95 trace / 60
28 Yb(OTf)3 TFE 10h >95 trace / 51
29 BF3°Et,0 TFE 10h >99 trace / 51
30 Y(OTf); TFE 10h >99 14 /50
31 La(OTf)3 TFE 10h >99 18/37
32 Er(OTf)3 TFE 10h >99 <10/ 47
33 Fe(OTf)3 TFE 10h >99 11/57
34 DCE 10h 0 NR
35 TFE 10 h 0 NR

@ Reaction conditions: 1a (0.1 mmol), catalyst (10 mol%), additive (1.0 equiv), dry solvent (1.0 mL), at 80 °C, N,.
b |solated yields. ¢ CuCl, (10 mol%) / NaBArg (20 mol%) was used. NR = no reaction. ND = not dectected.
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Table S2 Optimization of the solvent.

— O
Ts—N FZ O
Sc(OTf); (10 mol%)
TsN | or TsN |
0] solvent (0.1 M)
80 °C, time, N, O
1a 2a 3a

Entry? Catalyst Solvent Time Conversion (%) yield of 2a/3a (%)
1 Sc(OTf)3 toluene 10h >95 45/ <10
2 Sc(OTf); THF 10 h 45 13/<10
3 Sc(OTf)3 DMF 10 h 0 NR
4 Sc(OTf), DMSO 10 h 0 NR
5 Sc(OTf);3 acetone® 10 h 30 trace / 14
6 Sc(OTf)3 MeCN 10 h 66 10/ 22
7 Sc(OTf)3 MeOH 10 h <10 trace / trace
8 Sc(OTf)3 DCM 10h >95 38/<5
9 Sc(OTf)s CHCI5¢ 10 h >95 43722
10 Sc(OTf)3 PhCI 10 h >95 41 /<5
11 Sc(OTf)3 CCl,° 10h 91 31/13
12 Sc(OTf)3 HFIP¢ 10h >95 trace / trace
13 Sc(OTf)3 TFE® 10 h >905 trace / 60

@ Reaction conditions: 1a (0.1 mmol), catalyst (10 mol%), additive (1.0 equiv), dry solvent (1.0 mL), at 80 °C, N,.
b|solated yields. ¢ The solvent was not dry. NR = no reaction. ND = not dectected.

Table S3 Optimization of the additive.

TeN < ] Sc(OTf)3 (10 mol%)

7
Additive (1.0 equiv) 7
TsN | or
) solvent, 80 °C, time, N, !
1a 2a 3a
Entry® Catalyst Additive Solvent Time Conversion (%)°  yield of 2a/3a (%)"
1 Sc(OTf); K,CO3 DCE 10h >95 39/ trace
2 Sc(OTf); K,CO; TFE 10h >95 Messy
3¢ Sc(OTf); K,CO3 DCE 10h <10 ND / ND
4° Sc(OTf); K,CO; TFE 10h <10 ND / ND
5d Sc(OTf), K,CO4 DCE 10 h <10 trace / ND
69 Sc(OTf); K,COj TFE 10h <10 ND / ND
7¢ Sc(OTf); NaOAc DCE 10h <5 ND/ND
8¢ Sc(OTf); NaOAc TFE 10h <5 ND/ND
¢ Sc(OTf); DIPEA DCE 10h <5 ND /ND
10°¢ Sc(OTf); DIPEA TFE 10h >95 <5/<5
11¢ Sc(OTf); DBU DCE 10h <10 ND / ND
12°¢ Sc(OTf); DBU TFE 10h <5 ND /ND
13¢ Sc(OTf)3 Et3N DCE 10h <10 trace / trace
14¢ Sc(OTf); EtzN TFE 10h <5 ND/ND
15° Sc(OTf)s KOMe DCE 10h <10 ND /ND
16° Sc(OTf); KOMe TFE 10h <10 ND / ND
17¢ Sc(OTf); HOAc DCE 10h <10 <5/ trace
18° Sc(OTf)s HOAc TFE 10h >95 <5/43
19 Sc(OTf), 3AMS DCE 10h >95 56/ <5
20 Sc(OTf)3 3AMS TFE 10h >99 8/21
21 Sc(OTf); 4 AMS DCE 10h >95 51/<5
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22
23
24
25
26
27

Sc(OT);
Sc(OTf);
Sc(OTf),
Sc(OTf),
Sc(OTf),
Sc(OTf),

4AMS

Nast4
N82804
MgSO,

MgSO4

H,O

TFE
DCE
TFE
DCE
TFE
TFE

10h
10h
10h
10h
10h
10h

>99
>90
>99
>90
>99
>99

<10/ 51
51/<5
<10/50
46/ <5
5/47

<10/50

@ Reaction conditions: 1a (0.1 mmol), catalyst (10 mol%), additive (1.0 equiv), dry solvent (1.0 mL), at 80 °C, N,.

b|solated yields. ¢ At room temperature. 9 At 50 °C. ND = not dectected.

Table S4 Optimization of the temperature.

Ts—N :\/

7 3
Sc(OTf)3 (10 mol%)
TsN | or TsN |
o) solvent (0.1 M)
temperature, time, N, O
1a 2a 3a

Entry? Catalyst Solvent Temp. (°C) Time Conversion (%) vyield of 2a/3a (%)°
1 Sc(OTf)3 DCE 60 10 h >95 37 /<5
2 Sc(OTf)3 TFE 60 10h >905 <5/37
3 Sc(OTf)3 DCE 100 10 h >95 49 / trace
4 Sc(OTf)3 TFE 100 10h >95 trace / 52
5 Sc(OTf)3 DCE 90 10 h >95 51/ trace
6 Sc(OTf)3 TFE 90 10h >95 ND / 54
7 Sc(OTf)3 DCE 85 10 h >95 63/ trace
8 Sc(0OTf)3 TFE 85 10 h >95 trace / 55

@ Reaction conditions: 1a (0.1 mmol), catalyst (10 mol%), additive (1.0 equiv), dry solvent (1.0 mL), at temperature,
N,. ? Isolated yields. ND = not dectected.

Table SS Optimization of the equivalent of catalyst.

Ts—N :\/

Sc(OTf)3 (x mol%)

sN |
@) solvent (0.1 M)
80 °C, time, N,
1a 2a 3a

Entry? Catalyst (x mol%) Solvent Time Conversion (%)? yield of 2a/3a (%)®
1 Sc(OTh; (5) DCE 10 h >95 63/13
2 Sc(OTf); (5) TFE 10 h >99 9/59
3 Sc(OTf); (20) DCE 10 h >95 49/ 18
4 Sc(OTf); (20) TFE 10 h >99 7150
5 HOTf (20) DCE 14 h >99 46 /<5

@ Reaction conditions: 1a (0.1 mmol), catalyst (x mol%), additive (1.0 equiv), dry solvent (1.0 mL), at 80 °C, N,. ?
Isolated yields.
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Table S6 Optimization of the concentration.

—0) o
Ts—N FZ O

Sc(OTf)3 (10 mol%)

TsN | or TsN |
0 solvent. 80 °C, time, N, O
1a 2a 3a

Entry? Catalyst Solvent (y mL) Time Conversion (%)° yield of 2a/3a (%)°
1 Sc(OTf); DCE (0.5) 10 h >95 54/15

2 Sc(OTf); TFE (0.5) 10 h >99 9/48

3 Sc(OTf)3 DCE (2.0) 10 h >95 63 /<5

4 Sc(OTH); TFE (2.0) 10h >99 9/70

5 Sc(OTf)3 DCE (4.0) 10 h >95 62/<5

6 Sc(OTf)3 TFE (4.0) 10 h >99 7168

@ Reaction conditions: 1a (0.1 mmol), catalyst (10 mol%), additive (1.0 equiv), dry solvent (y mL), at 80 °C, N,. ©
Isolated yields.

@)

Me O

o) \ﬁﬁ"%\ o)
) NR3 i]
1 7 N
R/‘Nj\\( :Rz O (o) \ /
_’_\i OMe

mirabimide A: R' = R® = Me, R? = CHMeEt
mirabimide B: R' = Me, R2 = CHMeEt, R® = H

mirabimide C: R'=R3 = Me, R? = j-Pr anti-microbial
OCONHCHMe, 0
OCONHCHMe, ArHN‘HOH
Me Me
anti-tumor anti-inflammatory

Figure S1 Natural alkaloids and bioactive compounds containing a 2,5-

dihydropyrrole core.
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3. Experimental procedures and characterization data for substrates.

3.1. General procedure for the synthesis of 1a-1ab

(0]
BF,
@) RAK/B" [ 4 < }
R?- N

2.
[V R2CI (1.0 equiv) = S$2 (1.1 equiv) RN $4 (1.2 equiv)
M dDequv) _ >cTequv) _
HoN Et;N (1.3 equiv) RHN . TBAI(10mol%) o CuTc (10 mol%) 022
DCM, 0°C, 12h $1,76~95% yield  coy, (1.5 equiv) R Na,S0; (0.5 equiv)
0 THF, Ny, 50 °C, 8 h
DMF. 0°C.61 53, 47-98% yield z 1, 24~76% yield
®) — T BF4
. TsN
[e] NBS (3.0 equiv) (0] TsHN

o p-TsOH (0.2 equiv) g o $1 (1.0 equiv) o $4 (1.2 equiv)
| / DCM, reflux, 10 h | / Br TBAI (10 mol%) o CuTc (10 mol%)
K,COj3 (1.5 equiv) // Na,S0j; (0.5 equiv)

S5, 605.3 mg DMF,0°C, 12 h Br  THF,N,, 50°C,8h

N Br
48% yield $6, 435.1 mg, 46% yield

1s, 253.6 mg, 48% yield
(c) =

BF, —
0 PhI(OAc), (1.5 equiv)  pMeO OMe Io}

B I
KOH (4.5 equiv) OH (1.3 equiv) $4 (1.2 equiv)
.
MeOH, 0°C, 12 h a) NaH (1.2 equiv) CuTc (10 mol%) (0]
THF,0°C, Ny, 4 h Na,SO3; (0.5 equiv)
87, 722.7 Mg 1) 5. TSOH+H,0 (2.0 equiv) THF, N5, 50 °C, 8 h

\

39%yield  rhEH,0 (3:1), 80°C, 6 h .
o §8, 369.7 mg, 53% yield 1aa, 180.8 mg, 33% yield
(d) Q)K/Br BF,
= A _
MeO,C B MeO,C MeO,C
MeO,C S2 (1.1 equiv) MeO,C (1.3 equiv) MeO,C S4 (1.2 equiv) MeO,C
MeO,C NaH (1.05 equiv) o NaH (1.2 equiv) (0] CuTc (10 mol%) [¢]

DMF, -15-120 °C, 10 h THF, 0-50 °C, 10 h Na,SOj3 (0.5 equiv)
THF, Ny, 50 °C, 8 h

$9, 608.5 mg, 44% yield $10, 241.4 mg, 35% yield 1ab, 219.9 mg, 75% yield
Except for 1s, 1aa and lab, all other substrates were obtained following general
procedure (a). Substrate 1s was obtained following general procedure (b). Substrate 1aa
was obtained following general procedure (c). Substrate 1ab was obtained following
general procedure (d). Unless otherwise stated, all yields reported only refer to the final

step.

o R2CI, Et3N [
4 _ RULERN

2
H2N DCM,0°C,12h R°HN s1

R?=Ts,n=1, S1a, 1.988 g, 95% vyield; R2=PhSO,, n = 1, S1d, 0.734 g, 76% yield;
RZ=Bs, n =1, S1b, 1.260 g, 92% yield; R2 = m-(Me)CgH4SO,, n = 1, S1e, 0.938 g, 90% yield;
R?=Ns, n=1, S1c, 1.031 g, 86% yield; R2=Ts, n =2, S1f, 0.983 g, 88% vyield;

Preparation for S1!): After prop-2-yn-1-amine in DCM (0.3 M) and triethylamine (1.3
equiv) was added to a round-bottomed flask (100 mL) equipped with a stir bar, the
reaction mixture was cooled down to 0 °C, followed by the addition of sulfonyl

chlorides (1.0 equiv) in DCM (1.0 M). The reaction mixture was stirred at 0 °C
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overnight. After consumption of sulfonyl chloride indicated by TLC, the reaction was
quenched with water, and extracted with DCM. The organic phase was dried over
anhydrous Na;SO4 and concentrated under reduced pressure. The residue was purified
by flash column chromatography (eluent: petroleum ether/ethyl acetate = 4/1) to give

the corresponding product S1 (76~95% yield) as yellow solids.

0o
RAK/B" ) Y=
Y= s2 RN
RZHN TBAI, K,CO; ozg
DMF, 0°C, 6 h R!

s1 s3
R'=Ph,R?=Ts, n=1, S3a, 1.337 g, 82% vield; R" = m-(Br)CgH4, R? = Ts, n = 1, S3n, 469.4 mg, 58% yield;
R" = p-(Me)CgH4, R? = Ts, n = 1, S3b, 1.233 g, 72% yield; R" = 0-(Me)CgH4, R? = Ts, n =1, 830, 1.237 g, 72% yield;
R' = p-(OMe)CgH4, R?=Ts, n = 1, S3c, 1.182 g, 67% yield; R" = 0-(Cl)CgH4, R?=Ts, n = 1, S3p, 589.3 mg, 81% yield;
R" = p-(F)CgHa, R? = Ts, n = 1, S3d, 401.2 mg, 58% yield; R' = B-naphthyl, R? = Ts, n = 1, S3q, 691.0 mg, 91% vyield;
R" = p-(Cl)CgH4, R?=Ts, n = 1, S3e, 1.780 g, 98% vyield; R' = 2-thienyl, RZ = Ts, n = 1, S3r, 534.8 mg, 80% yield;
R' = p-(Br)CgH4, R2=Ts, n = 1, S3f, 1.791 g, 80% yield; R'=Ph, R?2=Bs, n =1, S3t, 750.1 mg, 96% yield;
R" = p-(1)CgH4, R? = Ts, n = 1, S3g, 473.1 mg, 52% yield; R" = p-(Br)CgH4, R? = Bs, n = 1, S3u, 850.2 mg, 82% yield;
R" = p-(CF3)CgH4, R? = Ts, n = 1, S3h, 567.2 mg, 72% yield; R'=Ph,R2=Ns, n =1, S3v, 426.0 mg, 59% yield;
R' = p-(CN)CgH4, R? = Ts, n = 1, S3i, 647.7 mg, 61% vyield; R'=Ph, R2= PhSO,, n = 1, S3w, 561.3 mg, 90% vyield;
R' = p-(Ph)CgH,4, R2=Ts, n = 1, S3j, 589.8 mg, 73% vield; R' = Ph, R? = m-(Me)CgHsSO,, n = 1, S3x, 551.5 mg, 77% vield;
R' = m-(Me)CgHy4, R = Ts, n = 1, S3k, 730.7 mg, 47% yield; R" = cyclopropyl, R? = Ts, n = 1, S3y, 407.1 mg, 70% vield;
R' = m-(OMe)CgH4, R? = Ts, n = 1, 831, 643.9 mg, 90% yield; R'=Ph,R?=Ts, n =2, 83z, 631.7 mg, 91% vield;

R" = m-(Cl)CgH4, R? = Ts, n = 1, S3m, 546.2 mg, 75% yield;

Preparation for S3!"): The above crude product S1 was dissolved in DMF (0.5 M) in a
100 mL round-bottomed flask, and then 2-bromo-1-ones (S2, 1.1 equiv) and TBAI (10
mmol%) were added to the solution. The reaction mixture was cooled down to 0 °C and
then K>COs (1.5 equiv) was added and stirred at 0 °C for 6 hours. After reaction
completed, reaction mixture was poured into ice-cold water and extracted into ethyl
acetate. The combined organic layer was washed with brine and dried over anhydrous
Na»SO4 and concentrated under reduced pressure. The residue was purified by flash
column chromatography (eluent: petroleum ether/ethyl acetate = 4/1) to give the

corresponding product S3 (47~98% yield) as yellow solids.
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_ BF4
= P

RN sS4 R2N
—_—
o CuTc, NaySO3
R THF, Ny, 50 °C, 8 h -
S3 1

R'=Ph, R?=Ts, n=1, 1a, 634.1 mg, 76% yield; R" = m-(Br)CgHa, R? = Ts, n = 1, 1n, 231.0 mg, 41% yield;
R' = p-(Me)CgH4, R? = Ts, n = 1, 1b, 466.7 mg, 54% vyield; R' = 0-(Me)CgH4, R?=Ts, n = 1, 10, 655.1 mg, 76% yield;
R" = p-(OMe)CgH4, R2=Ts, n =1, 1c, 365.2 g, 41% yield; R" = 0-(Cl)CgH4, R? = Ts, n = 1, 1p, 281.4 mg, 49% yield;
R" = p-(F)CgH4, R?=Ts, n = 1, 1d, 239.6 mg, 63% yield; R' = B-naphthyl, R? = Ts, n = 1, 1q, 538.4 mg, 63% yield;
R' = p-(Cl)CgH4, R? =Ts, n = 1, 1e, 285.0 mg, 63% yield; R' = 2-thienyl, R>=Ts, n = 1, 1r, 210.0 mg, 50% yield;
R" = p-(Br)CgH4, R2 = Ts, n = 1, 1, 242.6 mg, 49% yield; R'=Ph, R®=Bs, n =1, 1t, 315.4 mg, 36% yield;
R" = p-(1)CgH4, RZ2=Ts, n = 1, 1g, 224.0 mg, 41% vyield; R' = p-(Br)CgH4, R2 = Bs, n = 1, 1u, 215.0 mg, 38% yield;
R" = p-(CF3)CgHa, R? = Ts, n = 1, 1h, 465.3 mg, 48% yield; R'=Ph, R?=Ns, n=1, 1v, 251.0 mg, 56% yield;
R' = p-(CN)CgH4, R2=Ts, n = 1, 1i, 411.1 mg, 57% yield; R'=Ph, R? = PhSO,, n =1, 1w, 221.8 mg, 55% yield;
R" = p-(Ph)CgH4, R2=Ts, n = 1, 1j, 164.9 mg, 33% vyield; R' = Ph, R? = m-(Me)CgH4SO,, n = 1, 1x, 306.8 mg, 48% vyield;
R" = m-(Me)CgHy, R? = Ts, n = 1, 1k, 216.4 mg, 50% yield; R' = cyclopropyl, R? = Ts, n = 1, 1y, 127.2 mg, 24% yield;
R' = m-(OMe)CgH4, R? = Ts, n = 1, 11, 272.4 mg, 48% vyield; R'=Ph, R?=Ts, n =2, 1z, 494.1 mg, 62% yield;

R" = m-(Cl)CgH4, R2=Ts, n =1, 1m, 189.3 mg, 42% yield;

Preparation for 12: A 25 mL round-bottomed flask was charged with a mixture of S3,
S4 (1.2 equiv), CuTc (10 mmol%) and Na>SO; (0.5 equiv). After three cycles of
nitrogen replacement, THF (0.2 M) was added to the mixture, and the resulting solution
was stirred at 50 °C in an oil bath for 8 hours, then cooled to room temperature, filtered
through celite, and washed with ethyl acetate. The mixture was concentrated and
purified by flash column chromatography (eluent: petroleum ether/ethyl acetate = 8/1)

to give the corresponding product 1 (24~76% yield) as yellow solids or yellow oils.

Preparation for S51°!: After N-bromosuccinimide (2.672 g, 15 mmol) and 4-methyl-
benzenesulfonic acid (179.9 mg, 1 mmol) dissolved in DCM (12 mL) and added to a
round-bottomed flask (100 mL) equipped with a stir bar, the reaction mixture was
cooled down to 0 °C, followed by the addition of 1-(furan-2-yl)ethan-1-one (0.5 mL, 5
mmol) in DCM (3 mL). Then, the resulting solution was stirred at 80 °C in an oil bath
for 10 hours. After reaction completed, the reaction mixture was quenched with water,
and extracted with ethyl acetate. The organic phase was dried over anhydrous Na;SO4
and concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: petroleum ether/ethyl acetate = 11/1) to give the

corresponding product S5 (605.3 mg, 48% yield) as a yellow solid.

Preparation for S6!'): S1 (418.7 mg, 2.0 mmol) was dissolved in DMF (6 mL) in a 100
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mL round-bottomed flask, and then S5 (605.3 mg, 2.4 mmol) and TBAI (74.1 mg, 0.2
mmol) were added to the solution. The reaction mixture was cooled down to 0 °C and
then KoCOs (415.1 mg, 3.0 mmol) was added and stirred at 0 °C for 10 hours. After
reaction completed, reaction mixture was poured into ice-cold water and extracted into
ethyl acetate. The combined organic layer was washed with brine and dried over
anhydrous Na>SO4 and concentrated under reduced pressure. The residue was purified
by flash column chromatography (eluent: petroleum ether/ethyl acetate = 6/1) to give

the corresponding product S6 (435.1 mg, 46% yield) as a yellow oil.

Preparation for 1s?: A 50 mL round-bottomed flask was charged with a mixture of S4
(293.0 mg, 1.63 mmol), CuTe (17.9 mg, 0.14 mmol) and Na,SO3 (130.4 mg, 0.68
mmol). After three cycles of nitrogen replacement, S6 (430.1 mg, 1.09 mmol) in THF
(5 mL) was added to the mixture, and the resulting solution was stirred at 50 °C in an
oil bath for 8 hours, then cooled to room temperature, filtered through celite, and
washed with ethyl acetate. The mixture was concentrated and purified by flash column
chromatography (eluent: petroleum ether/ethyl acetate = 8/1) to give the corresponding

product 1s (253.6 mg, 48% yield) as a yellow solid.

Preparation for S74: A 50 mL round-bottomed flask was charged with a mixture of
PhI(OAc), (4.841 g, 15 mmol) and KOH (2.522 g, 45 mmol). After three cycles of
nitrogen replacement, the reaction mixture was cooled down to 0 °C and then
acetophenone (1.17 mL, 10 mmol) in MeOH (15 mL) was added and stirred at 0 °C for
12 hours. After reaction completed, reaction mixture was poured into ice-cold water
and extracted into ethyl acetate. The combined organic layer was washed with brine
and dried over anhydrous Na;SOs and concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: petroleum ether/ethyl
acetate = 6/1) to give the corresponding product S7 (722.7 mg, 39% yield) as a yellow

oil.

Preparation for S8!*!: Step 1: A 50 mL round-bottomed flask was charged with a mixture
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of S7 (722.7 mg, 4 mmol) and NaH (201.7 mg, 5 mmol, 60% in mineral oil). After three
cycles of nitrogen replacement, THF (8 mL) was added and the reaction mixture was
cooled down to 0 °C. 3-bromoprop-1-yne (0.43 mL, 5 mmol) was added dropwise after
above mixture was stirred at 0 °C for 1 hour and stirred at 0 °C for another 4 hours.
After reaction completed, reaction mixture was poured into ice-cold water and extracted
into ethyl acetate. The combined organic layer was washed with brine and dried over
anhydrous Na,;SO4 and concentrated under reduced pressure. The crude mixture was
used for the next step without further purification.

Step 2: The above crude product was dissolved in THF/H,0O (3:1, 8 mL) in a 25 mL
round-bottomed flask, and then p-TsOH*H,O (1.522 g, 8 mmol) was added to the
solution. The resulting solution was stirred at 50 °C in an oil bath for 6 hours. After
reaction completed, reaction mixture was quenched with saturated NaHCO3 solution
and extracted into ethyl acetate. The combined organic layer was washed with brine
and dried over anhydrous Na;SOs and concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: petroleum ether/ethyl
acetate = 8/1) to give the corresponding product S8 (369.7 mg, 53% yield) as a yellow

oil.

Preparation for 1aal®: A 50 mL round-bottomed flask was charged with a mixture of
S4 (443.2 mg, 2.47 mmol), CuTc (28.4 mg, 0.21 mmol) and Na>SO3 (200.6 mg, 1.03
mmol). After three cycles of nitrogen replacement, S8 (359.3 mg, 2.06 mmol) in THF
(10 mL) was added to the mixture, and the resulting solution was stirred at 50 °C in an
oil bath for 8 hours, then cooled to room temperature, filtered through celite, and
washed with ethyl acetate. The mixture was concentrated and purified by flash column
chromatography (eluent: petroleum ether/ethyl acetate = 8/1) to give the corresponding

product 1aa (180.8 mg, 33% yield) as a yellow oil.

Preparation for S91°!: A 50 mL round-bottomed flask was charged with a mixture of
NaH (203.7 mg, 5.1 mmol, 60% in mineral oil) and DMF (10 mL), the reaction mixture

was cooled down to -15 °C and then dimethyl malonate (0.57 mL, 5 mmol) was added

S10



dropwise and stirred at -15 °C for 2 hours. After that, S2 (1.083 g, 5.5 mmol) was added
to above mixture and the resulting solution was stirred at 120 °C in an oil bath for 10
hours. After reaction completed, reaction mixture was poured into ice-cold water and
extracted into ethyl acetate. The combined organic layer was washed with brine and
dried over anhydrous Na>SO4 and concentrated under reduced pressure. The residue
was purified by flash column chromatography (eluent: petroleum ether/ethyl acetate =

8/1) to give the corresponding product S9 (608.5 mg, 44% yield) as a yellow oil.

Preparation for S101°): A 50 mL round-bottomed flask was charged with a mixture of
S9 (608.5 mg, 2.4 mmol), NaH (129.1 mg, 3.6 mmol, 60% in mineral oil) and THF (24
mL), the reaction mixture stirred at room temperature for 45 mins. After that, 3-
bromoprop-1-yne (0.32 mL, 3.7 mmol) was added to above mixture and the resulting
solution was stirred at 50 °C in an oil bath for 10 hours. After reaction completed,
reaction mixture was poured into ice-cold water and extracted into ethyl acetate. The
combined organic layer was washed with brine and dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: petroleum ether/ethyl acetate = 8/1) to give the corresponding

product S10 (241.4 mg, 35% yield) as a yellow oil.

Preparation for 1ab!?: A 50 mL round-bottomed flask was charged with a mixture of
S4 (171.8 mg, 0.94 mmol), CuTc (10.2 mg, 0.08 mmol) and Na,SO3 (74.6 mg, 0.39
mmol). After three cycles of nitrogen replacement, S10 (224.8 mg, 0.78 mmol) in THF
(5 mL) was added to the mixture, and the resulting solution was stirred at 50 °C in an
oil bath for 8 hours, then cooled to room temperature, filtered through celite, and
washed with ethyl acetate. The mixture was concentrated and purified by flash column
chromatography (eluent: petroleum ether/ethyl acetate = 8/1) to give the corresponding

product 1ab (219.9 mg, 75% yield) as a yellow oil.
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3.2. Characterization of 1a-1ab

N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-methyl-/NV-(2-0x0-2-

phenylethyl)benzenesulfonamide (1a)

TsN ::

O

Compound 1a: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.25. 634.1 mg, 76% yield. m.p. 50-54 °C.

'TH NMR (500 MHz, Chloroform-d) § 8.00-7.98 (m, 2H), 7.80-7.77 (m, 2H), 7.61 (tt, J
=17.5, 1.5 Hz, 1H), 7.51-7.47 (m, 2H), 7.31 (d, J = 8.5 Hz, 2H), 6.61-6.57 (m, 2H),
6.09-6.06 (m, 2H), 4.97 (dd, J=9.0, 5.5 Hz, 2H), 4.76 (s, 2H), 4.30 (d, J= 2.0 Hz, 2H),
2.40 (s, 3H), 2.23-2.20 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 193.6, 143.9, 136.1, 135.0, 134.0, 131.0, 129.8,
129.0, 128.3,127.8, 124.8, 122.7, 88.1, 72.6, 52.0, 38.0, 31.5, 21.7.

HRMS (ESI) m/z: calcd for [C2sH23NO3S+H]" requires: 418.1471, found: 418.1473.

ZJ-1-36. 1. fid

'H NMR, 500 MHz, CDCl;

S

00—
00
00
12.00=
00~
2.00=

2.00= ===

T T T T T T T T T T T T T T
9.5 9.0 8.5 .0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.



2J-1-36. 2. fid

0 CTONTONN®ON®
0 “NOOMCIONTN® o ~ o 0 1 o
0 OO RO XA N®D®R N =] S 0 © v 2
13 NOWM—DDBONT N bt © o @ ©
) TOOOONNNNNN ) o < N oo -
- S¥frrrcrrre- © ~ © [PIIRY) N
| e | | | [ |
:j
TsN ==
OE?D

3¢ NMR, 125 MHz, CDCl3

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-methyl-N-(2-0x0-2-(p-
tolyl)ethyl)benzenesulfonamide (1b)

TsN ::

O

Me

Compound 1b: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.32. 446.7 mg, 54% yield. m.p. 86-89 °C.

'"H NMR (500 MHz, Chloroform-d) 6 7.90-7.87 (m, 2H), 7.79-7.77 (m, 2H), 7.31-7.27
(m, 4H), 6.61-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.96 (dd, J=9.0, 5.5 Hz, 2H), 4.73 (s,
2H), 4.29 (d, J=2.5 Hz, 2H), 2.42 (s, 3H), 2.39 (s, 3H), 2.22-2.19 (m, 1H).

13C NMR (125 MHz, Chloroform-d) § 193.2, 144.9, 143.9, 136.1, 132.5, 131.0, 129.8,
129.6, 128.4, 127.9, 124.8, 122.8, 88.0, 72.7, 51.8, 37.9, 31.5, 21.9, 21.7.

HRMS (ESI) m/z: caled for [C26H2sNO3S+H]" requires: 432.1628, found: 432.1630.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-NV-(2-(4-methoxyphenyl)-2-

oxoethyl)-4-methylbenzenesulfonamide (1c)
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Compound 1¢: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.20. 365.2 mg, 41% yield. m.p. 64-68 °C.

'TH NMR (500 MHz, Chloroform-d) 6 8.00-7.97 (m, 2H), 7.79-7.77 (m, 2H), 7.30 (d, J
= 8.0 Hz, 2H), 6.97-6.94 (m, 2H), 6.61-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.97 (dd, J =
8.5,5.5Hz, 2H), 4.70 (s, 2H), 4.28 (d, J=2.0 Hz, 2H), 3.88 (s, 3H), 2.39 (s, 3H), 2.22-
2.18 (m, 1H).

13C NMR (125 MHz, Chloroform-d) ¢ 192.0, 164.1, 143.9, 136.1, 131.0, 130.7, 129.8,
128.0, 127.9, 124.8, 122.8, 114.1, 88.0, 72.6, 55.7, 51.7,37.9, 31.5, 21.7.

HRMS (ESI) m/z: calcd for [C26H2sNO4S+H]" requires: 448.1577, found: 448.1578.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-N-(2-(4-fluorophenyl)-2-

oxoethyl)-4-methylbenzenesulfonamide (1d)

TsN ::

O

F

Compound 1d: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.34. 239.6 mg, 55% yield. m.p. 79-84 °C.

'"H NMR (500 MHz, Chloroform-d) J 8.06-8.02 (m, 2H), 7.78-7.76 (m, 2H), 7.31 (d, J
= 8.0 Hz, 2H), 7.18-7.13 (m, 2H), 6.62-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.96 (dd, J =
9.0, 5.5 Hz, 2H), 4.70 (s, 2H), 4.26 (d, J = 2.5 Hz, 2H), 2.40 (s, 3H), 2.22-2.19 (m, 1H).
13C NMR (125 MHz, Chloroform-d) 6 192.2, 166.2 (d, J = 254.5 Hz), 144.0, 135.9,
131.4(d,J=2.9 Hz), 131.15 (d, J=9.3 Hz), 131.05, 129.9, 127.9, 124.9, 122.7, 116.2
(d, /=219 Hz), 88.3, 72.5, 52.0, 38.0, 31.5, 21.7.

19F NMR (470 MHz, Chloroform-d) 6 (m) (-103.44)-(-103.50).
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436.1380.

436.1377, found

calcd for [C2sH2,FNO3S+H]" requires

HRMS (ESI) m/z
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N-(2-(4-chlorophenyl)-2-oxoethyl)-NV-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-

yl)-4-methylbenzenesulfonamide (1e)

TsN ::

o

Cl

Compound 1e: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.35. 285.0 mg, 63% yield. m.p. 110-114 °C.

TH NMR (500 MHz, Chloroform-d) J 7.88-7.86 (m, 2H), 7.78-7.76 (m, 2H), 7.64-7.62
(m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.06 (m, 2H), 4.95 (dd, J =
9.0, 5.5 Hz, 2H), 4.68 (s, 2H), 4.25 (d, J= 2.0 Hz, 2H), 2.40 (s, 3H), 2.22-2.18 (m, 1H).
13C NMR (125 MHz, Chloroform-d) 6 192.9, 144.1, 135.8, 133.7, 132.3, 131.1, 129.89,
129.87,129.2, 127.9, 124.9, 122.6, 88.3, 72.4, 52.1, 38.1, 31.5, 21.7.

HRMS (ESI) m/z: caled for [CasH22CINOsS+H]" requires: 452.1082, found: 452.1084.
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Compound 1f: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0. 41. 242.6 mg, 49% yield. m.p. 94-98 °C.

'TH NMR (500 MHz, Chloroform-d) 6 7.96-7.93 (m, 2H), 7.79-7.76 (m, 2H), 7.47-7.45
(m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.06 (m, 2H), 4.95 (dd, J =
9.0, 5.5 Hz, 2H), 4.69 (s, 2H), 4.26 (d, J=2.5 Hz, 2H), 2.40 (s, 3H), 2.22-2.18 (m, 1H).
13C NMR (125 MHz, Chloroform-d) § 192.6, 144.1, 140.5, 135.8, 133.3, 131.1, 129.9,
129.8,129.3, 127.9, 124.9, 122.6, 88.3, 72.4, 52.1, 38.1, 31.5, 21.7.

HRMS (ESI) m/z: caled for [C2sH22BrNO3S+H]" requires: 496.0577, found: 496.0579.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-N-(2-(4-iodophenyl)-2-

oxoethyl)-4-methylbenzenesulfonamide (1g)

TsN ::

0]

I
Compound 1g: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.28. 224.0 mg, 41% yield. m.p. 130-133 °C.
TH NMR (500 MHz, Chloroform-d) J 7.87-7.84 (m, 2H), 7.78-7.75 (m, 2H), 7.72-7.69
(m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.06 (m, 2H), 4.95 (dd, J =
9.0, 5.5 Hz, 2H), 4.67 (s, 2H), 4.25 (d, J= 2.5 Hz, 2H), 2.40 (s, 3H), 2.21-2.18 (m, 1H).
13C NMR (125 MHz, Chloroform-d) 6 193.2, 144.1, 138.3, 135.8, 134.2, 131.1, 129.9,
129.7,127.9, 124.9, 122.6, 102.1, 88.3, 72.4, 52.1, 38.1, 31.5, 21.7.
HRMS (ESI) m/z: caled for [C2sH22INO3S+H]" requires: 544.0438, found: 544.0442.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-methyl-/NV-(2-0x0-2-(4-

(trifluoromethyl)phenyl)ethyl)benzenesulfonamide (1h)
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CF,
Compound 1h: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.48. 465.3 mg, 48% yield. m.p. 96-100 °C.

'"H NMR (500 MHz, Chloroform-d) J 8.12 (d, J = 8.0 Hz, 2H), 7.78-7.75 (m, 4H), 7.32
(d, J = 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.95 (dd, J = 9.0, 5.5 Hz,
2H), 4.73 (s, 2H), 4.26 (d, /= 2.0 Hz, 2H), 2.40 (s, 3H), 2.22-2.18 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 193.1, 144.2, 137.7, 135.6, 135.1 (q, J = 32.5
Hz), 131.1, 129.9, 128.8, 127.9, 126.0 (q, J = 3.8 Hz), 124.9, 123.6 (q, J = 271.1 Hz),
122.6, 88.5,72.3,52.5, 38.2,31.4,21.7.

1F NMR (470 MHz, CDCl3) 6 (s) (-63.21).

HRMS (ESI) m/z: calcd for [C26H22F3NO3S+H]" requires: 486.1345, found: 486.1346.
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N-(2-(4-cyanophenyl)-2-oxoethyl)-NV-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-

yl)-4-methylbenzenesulfonamide (1i)
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Compound 1i: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.24. 411.1 mg, 57% yield. m.p. 118-122 °C.
'"H NMR (500 MHz, Chloroform-d) ¢ 8.12-8.10 (m, 2H), 7.80-7.75 (m, 4H), 7.32 (d, J
= 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.06 (m, 2H), 4.94 (dd, J = 9.0, 5.5 Hz, 2H),
4.68 (s, 2H), 4.23 (d, J = 2.0 Hz, 2H), 2.40 (s, 3H), 2.21-2.17 (m, 1H).
13C NMR (125 MHz, Chloroform-d) § 192.9, 144.3, 138.0, 135.4, 132.8, 131.1, 129.9,
128.9,127.9,125.0, 122.5, 117.9, 117.1, 88.6, 72.2, 52.7, 38.3, 31.4, 21.7.
HRMS (ESI) m/z: caled for [C26H22N203S+H]" requires: 443.1424, found: 443.1425.
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N-(2-([1,1'-biphenyl]-4-yl)-2-oxoethyl)- V-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-

yn-1-yl)-4-methylbenzenesulfonamide (1j)
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Compound 1j: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=10.30. 164.9 mg, 33% yield. m.p. 153-155 °C.

TH NMR (500 MHz, Chloroform-d) J 8.09-8.06 (m, 2H), 7.82-7.79 (m, 2H), 7.71 (dt,
J=28.5,2.0 Hz, 2H), 7.64-7.62 (m, 2H), 7.50-7.47 (m, 2H), 7.44-7.40 (m, 1H), 7.32 (d,
J=18.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.98 (dd, /= 9.0, 5.5 Hz, 2H),
4.79 (s, 2H), 4.31 (d, /= 2.0 Hz, 2H), 2.41 (s, 3H), 2.24-2.20 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 193.2, 146.6, 143.9, 139.8, 136.1, 133.7, 131.1,
129.8, 129.2, 129.0, 128.6, 127.9, 127.6, 127.4, 124.8, 122.8, 88.2, 72.6, 52.1, 38.0,

31.5,21.7.
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HRMS (ESI) m/z: caled for [C31H27NO3S+H]" requires: 494.1784, found: 494.1787.
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tolyl)ethyl)benzenesulfonamide (1k)
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Compound 1k: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.26. 216.4 mg, 50% yield.

"H NMR (500 MHz, Chloroform-d) 6 7.79-7.77 (m, 4H), 7.41 (d, J=7.5 Hz, 1H), 7.38-
7.35 (m, 1H), 7.31 (d, J= 8.0 Hz, 2H), 6.61-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.97 (dd,
J=9.0, 5.5 Hz, 2H), 4.76 (s, 2H), 4.30 (d, J = 2.5 Hz, 2H), 2.41 (s, 3H), 2.40 (s, 3H),
2.24-2.20 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 193.7, 143.9, 138.8, 136.2, 135.1, 134.7, 131.0,
129.8, 128.8, 128.7, 127.8, 125.5, 124.8, 122.8, 88.0, 72.7, 51.9,37.9, 31.5, 21.7, 21.5.
HRMS (ESI) m/z: calcd for [C26H2sNO3S+H]" requires: 432.1628, found: 432.1630.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-N-(2-(3-methoxyphenyl)-2-

oxoethyl)-4-methylbenzenesulfonamide (11)
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Compound 11: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.18. 272.4 mg, 48% yield.

TH NMR (500 MHz, Chloroform-d) 6 7.79-7.77 (m, 2H), 7.57-7.55 (m, 1H), 7.52-7.51
(m, 1H), 7.39 (t, /= 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.15 (ddd, J = 8.0, 2.5, 1.0
Hz, 1H), 6.61-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.97 (dd, J = 8.5, 5.5 Hz, 2H), 4.74 (s,
2H), 4.29 (d, J=2.0 Hz, 2H), 3.86 (s, 3H), 2.40 (s, 3H), 2.23-2.19 (m, 1H).

13C NMR (125 MHz, Chloroform-d) d 193.5, 160.0, 143.9, 136.3, 136.1, 131.0, 130.0,
129.8, 127.8, 124.8, 122.7, 120.8, 120.6, 112.5, 88.1, 72.6, 55.7, 52.1, 38.0, 31.5, 21.7.
HRMS (ESI) m/z: caled for [C26H2sNO4S+H]' requires: 448.1577, found: 448.1578.
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N-(2-(3-chlorophenyl)-2-oxoethyl)-NV-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-

yl)-4-methylbenzenesulfonamide (1m)
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Compound 1m: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.33. 189.3 mg, 42% yield. m.p. 88-94 °C.

'"H NMR (500 MHz, Chloroform-d) 6 7.94 (t,J= 2.0 Hz, 1H), 7.89 (dt, J= 8.0, 1.0 Hz,
1H), 7.79-7.76 (m, 2H), 7.57 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.44 (t, J = 8.0 Hz, 1H),
7.32 (d, J = 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.07 (m, 2H), 4.97 (dd, J = 8.5, 5.5
Hz, 2H), 4.71 (s, 2H), 4.27 (d, J = 2.0 Hz, 2H), 2.40 (s, 3H), 2.24-2.21 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 192.6, 144.1, 136.5, 135.9, 135.3, 133.9, 131.1,
130.3, 129.9, 128.4, 127.9, 126.5, 124.9, 122.6, 88.3, 72.5, 52.1, 38.1, 31.4, 21.7.
HRMS (ESI) m/z: caled for [C25sH22CINO3S+H]" requires: 452.1082, found: 452.1084.
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N-(2-(3-bromophenyl)-2-oxoethyl)-V-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-

yl)-4-methylbenzenesulfonamide (1n)
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Compound In: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.26. 231.0 mg, 41% yield. m.p. 110-113 °C.

TH NMR (500 MHz, Chloroform-d) 6 8.09 (t,J=2.0 Hz, 1H), 7.93 (dt,J=7.5, 1.5 Hz,
1H), 7.79-7.77 (m, 2H), 7.73 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.37 (t, /= 8.0 Hz, 1H),
7.32 (d, J = 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.07 (m, 2H), 4.97 (dd, J=9.0, 5.5
Hz, 2H), 4.70 (s, 2H), 4.27 (d, /= 2.0 Hz, 2H), 2.40 (s, 3H), 2.25-2.21 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 192.5, 144.1, 136.8, 136.7, 135.9, 131.3, 131.1,
130.6, 129.9, 127.8, 126.9, 124.9, 123.3, 122.6, 88.3, 72.5, 52.1, 38.1, 31.4, 21.7.
HRMS (ESI) m/z: calcd for [C2sH22BrNO3S+H]" requires: 496.0577, found: 496.0579.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-methyl-/V-(2-0x0-2-(o-

tolyl)ethyl)benzenesulfonamide (10)
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Compound 1o: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.26. 655.1 mg, 76% yield. m.p. 74-78 °C.

'TH NMR (500 MHz, Chloroform-d) & 7.78-7.75 (m, 2H), 7.68-7.67 (m, 1H), 7.41 (td,
J=17.5,1.0Hz, 1H), 7.31-7.26 (m, 4H), 6.62-6.57 (m, 2H), 6.10-6.07 (m, 2H), 4.98 (dd,
J=9.0, 5.5 Hz, 2H), 4.63 (s, 2H), 4.32 (d, J = 2.0 Hz, 2H), 2.48 (s, 3H), 2.39 (s, 3H),
2.26-2.22 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 197.3, 143.9, 138.8, 136.1, 135.5, 132.3, 132.1,
131.0, 129.8, 128.4, 127.8, 125.9, 124.9, 122.7, 88.1, 72.6, 53.7,37.9,31.4, 21.7, 21.2.
HRMS (ESI) m/z: calcd for [C26H2sNO3S+H]" requires: 432.1628, found: 432.1630.
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13C NMR, 125 MHz, CDCl3
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N-(2-(2-chlorophenyl)-2-oxoethyl)-NV-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-

yl)-4-methylbenzenesulfonamide (1p)
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Compound 1p: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.25. 281.4 mg, 49% yield. m.p. 138-143 °C.

TH NMR (500 MHz, Chloroform-d) 6 7.76-7.74 (m, 2H), 7.58-7.56 (m, 1H), 7.43-7.41
(m, 2H), 7.37-7.34 (m, 1H), 7.29 (d, J= 8.0 Hz, 2H), 6.62-6.57 (m, 2H), 6.10-6.07 (m,
2H), 4.97 (dd, J= 8.5, 5.5 Hz, 2H), 4.70 (s, 2H), 4.32 (d, /= 2.0 Hz, 2H), 2.38 (s, 3H),
2.24-2.20 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 196.9, 144.0, 136.9, 136.0, 132.6, 131.2, 131.1,
130.7,129.8, 129.7, 127.8, 127.2, 124.9, 122.7, 88.2, 72.6, 55.0, 38.1, 31.5, 21.7.
HRMS (ESI) m/z: caled for [C2sH22CINOsS+H]" requires: 452.1082, found: 452.1083.

S35



i

"H NMR, 500 MHz, CDCly

WQY-5-55.1.fid

o
e
[
o
- SL9'12—
£5¥'LE —
<
[ 671'8€ —
001
=00€ | v
[
R 65675 —
[ ¥SSTL—
o
<
00z ¥81'88 —
L r4 -
=00z | &
=00z |3
269221
298'vZL
re zre L2l
[ xA"
o 8v.'6zL \[
00z | € 66621
089°0€L
“ 150°LEL
00z | ¢ 68LLEl
285°2ZEL
| = 896'GEL
= 106'9€L
7002 096'€PL
0L |
H/GO.N [
Yoot
ooz
°
[M o
Fo
Fe 2 ceeoeL—
N
0
P 0
Fs 9
>
<]
2

60

70

90 80

100

130 120 110
£1 (ppm)
S36

140

13C NMR, 125 MHz, CDCl5
200 190 180 170 160

210

N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-methyl-NV-(2-(naphthalen-2-

yl)-2-oxoethyl)benzenesulfonamide (1q)
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Compound 1q: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.30. 538.4 mg, 63% yield. m.p. 92-97 °C.
'TH NMR (500 MHz, Chloroform-d) é 8.55 (d, J = 1.5 Hz, 1H), 8.01 (dd, J=8.5, 1.5
Hz, 1H), 7.99 (d, J = 8.5 Hz, 1H), 7.92-7.88 (m, 2H), 7.83-7.81 (m, 2H), 7.65-7.61 (m,
1H), 7.59-7.56 (m, 1H), 7.33 (d, /= 8.0 Hz, 2H), 6.60-6.56 (m, 2H), 6.07-6.04 (m, 2H),
4.98 (dd, J=9.0, 6.0 Hz, 2H), 4.90 (s, 2H), 4.34 (d, /= 2.0 Hz, 2H), 2.41 (s, 3H), 2.24-
2.21 (m, 1H).
13C NMR (125 MHz, Chloroform-d) 6 193.6, 143.9, 136.1, 136.0, 132.5, 132.3, 131.0,
130.2, 129.8, 129.0, 128.9, 128.0, 127.9, 127.1, 124.8, 123.7, 122.8, 88.1, 72.7, 52.1,

38.0,31.5,21.7.
HRMS (ESI) m/z: caled for [C20H2sNO3S+H]" requires: 468.1628, found: 468.1631.
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13C NMR, 125 MHz, CDCl,

N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-methyl-N-(2-0x0-2-(thiophen-

2-yl)ethyl)benzenesulfonamide (1r)
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Compound 1r: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.16. 210.0 mg, 50% yield.

TH NMR (500 MHz, Chloroform-d) 6 7.95 (dd, J=4.0, 1.0 Hz, 1H), 7.78-7.76 (m, 2H),
7.69 (dd, J=5.0, 1.0 Hz, 1H), 7.31 (d, /= 8.0 Hz, 2H), 7.16 (dd, /= 5.0, 1.5 Hz, 1H),
6.62-6.57 (m, 2H), 6.09-6.06 (m, 2H), 4.96 (dd, J=9.0, 5.5 Hz, 2H), 4.63 (s, 2H), 4.28
(d, J=2.0 Hz, 2H), 2.39 (s, 3H), 2.22-2.19 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 186.8, 144.0, 141.2, 135.8, 134.7, 133.2, 131.0,
129.8, 128.5, 127.9, 124.8, 122.7, 88.3, 72.4, 52.4, 38.2, 31.5, 21.7.

HRMS (ESI) m/z: caled for [C23H21NO3S>+H]" requires: 424.1036, found: 424.1037.
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Compound 1s: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.23. 253.6 mg, 48% yield. m.p. 95-99 °C.

TH NMR (500 MHz, Chloroform-d) § 7.78-7.76 (m, 2H), 7.35 (d, J= 3.5 Hz, 1H), 7.31
(d, J = 8.0 Hz, 2H), 6.63-6.58 (m, 2H), 6.53 (d, J = 3.5 Hz, 1H), 6.11-6.08 (m, 2H),
4.98 (dd, J=9.0, 5.5 Hz, 2H), 4.55 (s, 2H), 4.28 (d, /= 2.0 Hz, 2H), 2.40 (s, 3H), 2.24-
2.21 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 181.6, 152.7, 144.0, 135.9, 131.1, 129.9, 129.2,
127.9, 124.9, 122.7, 120.8, 114.9, 88.3, 72.5, 51.5, 38.3, 31.5, 21.7.

HRMS (ESI) m/z: calcd for [C23H20BrNO4S+H]" requires: 486.0369, found: 486.0371.
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Compound 1t: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.39. 315.4 mg, 36% yield. m.p. 77-81 °C.

TH NMR (500 MHz, Chloroform-d) J 7.98-7.95 (m, 2H), 7.78-7.75 (m, 2H), 7.67-7.65
(m, 2H), 7.64-7.60 (m, 1H), 7.51-7.48 (m, 2H), 6.62-6.58 (m, 2H), 6.13-6.09 (m, 2H),
4.99 (dd, J=9.0, 5.5 Hz, 2H), 4.80 (s, 2H), 4.31 (d, /= 2.0 Hz, 2H), 2.30-2.27 (m, 1H).
13C NMR (125 MHz, Chloroform-d) 6 193.2, 138.3, 134.8, 134.1, 132.4, 131.1, 129.3,
129.0, 128.21, 128.19, 125.1, 122.3, 88.4, 72.5, 51.9, 38.1, 31.4.

HRMS (ESI) m/z: caled for [C24H20BrNO3S+H]" requires: 482.0420, found: 482.0423.
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Compound 1u: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.43. 215.0 mg, 38% yield. m.p. 138-142 °C.

TH NMR (500 MHz, Chloroform-d) J 7.85-7.83 (m, 2H), 7.77-7.74 (m, 2H), 7.68-7.62
(m, 4H), 6.63-6.58 (m, 2H), 6.13-6.10 (m, 2H), 4.98 (dd, /= 9.0, 5.5 Hz, 2H), 4.72 (s,
2H), 4.28 (d, J = 2.0 Hz, 2H), 2.29-2.26 (m, 1H).

13C NMR (125 MHz, Chloroform-d) § 192.4, 138.1, 133.5, 132.5, 132.4, 131.1, 129.8,
129.4,129.3, 128.3, 125.2, 122.2, 88.6, 72.3, 52.0, 38.1, 31.4.

HRMS (ESI) m/z: calcd for [C24H19BraNO3S+H]" requires: 559.9525, found: 559.9532.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-4-nitro-/V-(2-oxo-2-

phenylethyl)benzenesulfonamide (1v)
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Compound 1v: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.19. 251.0 mg, 56% yield. m.p. 110-114 °C.

TH NMR (500 MHz, Chloroform-d) J 8.37-8.34 (m, 2H), 8.09-8.06 (m, 2H), 7.94-7.92
(m, 2H), 7.63 (tt, J=7.0, 1.0 Hz, 1H), 7.52-7.48 (m, 2H), 6.61-6.56 (m, 2H), 6.09-6.06
(m, 2H), 4.99 (dd, /= 8.5, 5.5 Hz, 2H), 4.89 (s, 2H), 4.35 (d, /=2.0 Hz, 2H), 2.28-2.24
(m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 192.8, 150.3, 145.3, 134.6, 134.3, 131.1, 129.1,
129.0, 128.1, 125.2, 124.4, 122.0, 88.6, 72.4, 52.0, 38.3, 31.3.

HRMS (ESI) m/z: caled for [C24H20N205S+H]" requires: 449.1166, found: 449.1166.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-N-(2-oxo0-2-
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Compound 1w: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.23. 221.8 mg, 55% yield.

'TH NMR (500 MHz, Chloroform-d) 6 7.98-7.97 (m, 2H), 7.92-7.90 (m, 2H), 7.62-7.57
(m, 2H), 7.55-7.52 (m, 2H), 7.50-7.48 (m, 2H), 6.60-6.57 (m, 2H), 6.09-6.06 (m, 2H),
4.99 (dd,J=17.5,4.5 Hz, 2H), 4.80 (s, 2H), 4.34 (d, J= 1.5 Hz, 2H), 2.27-2.24 (m, 1H).
13C NMR (125 MHz, Chloroform-d) § 193.4, 139.2, 135.0, 134.0, 133.1, 131.1, 129.2,
129.0, 128.2, 127.8, 124.9, 122.6, 88.2, 72.7, 51.9, 38.0, 31.4.

HRMS (ESI) m/z: caled for [C24H21NO3S+H]" requires: 404.1315, found: 404.1317.
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N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-3-methyl-N-(2-0xo0-2-

phenylethyl)benzenesulfonamide (1x)

Compound 1x: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.25. 306.8 mg, 48% yield. m.p. 79-84 °C.

TH NMR (500 MHz, Chloroform-d)  7.99-7.97 (m, 2H), 7.71-7.69 (m, 2H), 7.62-7.59
(m, 1H), 7.50-7.47 (m, 2H), 7.43-7.37 (m, 2H), 6.61-6.56 (m, 2H), 6.09-6.06 (m, 2H),
4.98 (dd, J=9.0, 6.0 Hz, 2H), 4.78 (s, 2H), 4.33 (d, /= 2.0 Hz, 2H), 2.42 (s, 3H), 2.28-
2.24 (m, 1H).

13C NMR (125 MHz, Chloroform-d) d 193.5, 139.3, 139.0, 135.0, 134.0, 133.9, 131.1,
129.03, 128.96, 128.3, 128.1, 124.89, 124.87, 122.7, 88.1, 72.7, 51.9, 38.0, 31.4, 21.6.
HRMS (ESI) m/z: caled for [C2sH23NO3S+H]" requires: 418.1471, found: 418.1473.
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methylbenzenesulfonamide (1y)

N-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-N-(2-cyclopropyl-2-oxoethyl)-4-
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Compound 1y: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.31. 127.2 mg, 24% yield. m.p. 84-88 °C.

TH NMR (500 MHz, Chloroform-d) 6 7.75-7.73 (m, 2H), 7.29 (d, J= 8.5 Hz, 2H), 6.63-
6.59 (m, 2H), 6.11-6.08 (m, 2H), 4.98 (dd, J = 9.0, 5.5 Hz, 2H), 4.23 (d, J = 1.5 Hz,
2H), 4.17 (s, 2H), 2.38 (s, 3H), 2.25-2.19 (m, 2H), 1.10-1.07 (m, 2H), 0.99-0.95 (m,
2H).

13C NMR (125 MHz, Chloroform-d) 6 205.6, 144.0, 135.7, 131.1, 129.8, 127.8, 124.8,
122.7, 88.1, 72.4, 55.6, 38.4, 31.5, 21.7, 18.0, 12.0.

HRMS (ESI) m/z: calcd for [C22H23NO3S+H]" requires: 382.1471, found: 382.1472.

WQY-5-25. 2. fid

CNODNO LONONMNOUVUIOVONTOOMNONNOONONTOTNNDONOVROMOTITNDNT
ITTONOD CTOOTO0O0DNNNVONDONODNRNNTNNNTCTOODDIOPIPDDNDON O OU
NERENANA QOO =-0000000RARARANNTAANNNNNANN-T="O000QRRRRRNC
NNNNNN COOOOOOOOOOOOTFTITTTTTANNNNNNNNNNN«~« « + oooooc

TH NMR, 500 MHz, CDCl,

-

2.00=
2.00=
2.001

. |2.002
2.003 =
2.00,
2.00%

2] 3.00=
2.002
2.00

12.00=

o
p
o
s
»
P
s
-
s
ﬂ
s
@
s
g»
N
s
s
.
w
s
P
s
o
o
s

S49



WQY-5-25. 3. fid

- O N®ON—D®

N N YOO ®YS - © ~ - - 0 O ©
[t} O NON®©®ON o 0 - NN © O N
1o} O W-ONTN b N @ R e
o + OoodNNN © o te} © - N <
« Rl e i @ ~ [re} ® ™ N
I IS~ I I I [ /0N
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N-(4-(cyclohepta-2,4,6-trien-1-yl)but-3-yn-1-yl)-4-methyl-/NV-(2-0x0-2-

phenylethyl)benzenesulfonamide (1z)
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Compound 1z: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.24. 494.1 mg, 62% yield. m.p. 57-61 °C.

TH NMR (500 MHz, Chloroform-d) J 7.92-7.90 (m, 2H), 7.77-7.74 (m, 2H), 7.59 (tt, J
=7.0, 1.5 Hz, 1H), 7.48-7.45 (m, 2H), 7.30 (d, J = 7.5 Hz, 2H), 6.63-6.58 (m, 2H),
6.10-6.07 (m, 2H), 5.17 (dd, J=9.0, 5.5 Hz, 2H), 4.97 (s, 2H), 3.46 (t,J= 7.0 Hz, 2H),
2.53 (td, J=17.0, 2.5 Hz, 2H), 2.42 (s, 3H), 2.31-2.27 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 193.8, 143.6, 136.9, 134.9, 134.0, 131.0, 129.7,
129.0, 128.1, 127.6, 124.7, 123.6, 83.7, 77.5, 53.9, 47.6, 31.7, 21.7, 19.6.

HRMS (ESI) m/z: caled for [C26H2sNO3S+H]' requires: 432.1628, found: 432.1630.
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Compound 1aa: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.50. 180.8 mg, 33% yield.

TH NMR (500 MHz, Chloroform-d) § 7.97-7.95 (m, 2H), 7.61-7.58 (m, 1H), 7.50-7.47
(m, 2H), 6.67-6.63 (m, 2H), 6.19-6.16 (m, 2H), 5.31 (dd, J=9.0, 5.5 Hz, 2H), 4.90 (s,
2H), 4.43 (d, J=2.0 Hz, 2H), 2.57-2.53 (m, 1H).

13C NMR (125 MHz, Chloroform-d) § 195.9, 134.9, 133.8, 131.1, 128.9, 128.0, 125.0,
122.9,89.3,75.4,71.8, 59.1, 31.7.

HRMS (ESI) m/z: caled for [CisHi602+H]" requires: 265.1223, found: 265.1224.
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Dimethyl 2-(3-(cyclohepta-2,4,6-trien-1-yl)prop-2-yn-1-yl)-2-(2-oxo-2-
phenylethyl)malonate (1ab)

Compound 1ab: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.30. 219.9 mg, 75% yield.

TH NMR (500 MHz, Chloroform-d) ¢ 8.03-8.01 (m, 2H), 7.59 (tt, J = 7.5, 1.5 Hz, 1H),
7.50-7.47 (m, 2H), 6.63-6.59 (m, 2H), 6.13-6.10 (m, 2H), 5.19 (dd, J=8.5, 5.5 Hz, 2H),
3.93 (s, 2H), 3.78 (s, 6H), 3.14 (d, /= 2.0 Hz, 2H), 2.43-2.39 (m, 1H).

13C NMR (125 MHz, Chloroform-d) 6 197.0, 170.1, 136.5, 133.7, 131.1, 128.8, 128.3,
124.8, 123.6, 85.4, 75.3, 55.1, 53.3,41.2, 31.7, 23.8.

HRMS (ESI) m/z: calcd for [C23H220s+H]" requires: 379.1540, found: 379.1541.
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4. Experimental procedure and characterization data for products 2a-

2y,5and 6

4.1 General procedure B for products 2a-2y, 5 and 6.

—~O) 0

Ts~N Sc(OTf)5 (10 mol%) Z

0O DCE (0.1 M), 80 °C, Ny, 10h TSN_ |

1a 2a

Under N atmosphere, 1,2-Dichloroethane (DCE) (1.0 mL, 1.0 M) was added to a
mixture of 1a (41.8 mg, 0.1 mmol), Sc(OTf); (4.9 mg, 0.01 mmol). The reaction system
was stirred at 80 °C in a parallel reactor for 10 hours. Then the solvent was removed
under reduced pressure and the residue was purified by a silica gel flash column
chromatography (eluent: petroleum ether/ethyl acetate, 8/1) to give the product 2a (28.0

mg, 70% yield) as a yellow solid
4.2. Characterization date of products 2a-2y, S and 6.

3-phenyl-4-(phenylethynyl)-1-tosyl-2,5-dihydro-1H-pyrrole (2a)

g

4
TsN |

J

Compound 2a: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.33. 28.0 mg, 70% yield. m.p. 144-149 °C.

TH NMR (500 MHz, Chloroform-d) ¢ 7.78 (dt, J = 8.5, 2.0 Hz, 2H), 7.70 (dt, J = 9.0,
2.0 Hz, 2H), 7.45-7.43 (m, 2H), 7.38-7.33 (m, 7H), 7.26 (s, 1H), 4.58-4.57 (m, 2H),
4.40-4.38 (m, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) J 144.1, 137.6, 134.9, 133.6, 131.7, 131.0, 130.1,

129.3, 128.9, 128.7, 128.0, 127.7, 122.3, 113.8, 98.1, 83.2, 58.5, 56.3, 21.7.
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HRMS (ESI) m/z: caled for [C2sH21NO,S+H]" requires: 400.1366, found: 400.1368.
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Compound 2b: a white solid. Column chromatography, eluent: petroleum ether/ethyl

acetate, 8/1, Re= 0.41. 28.4 mg, 66% yield. m.p. 132-136 °C.

IH NMR (500 MHz, Chloroform-d) J 7.80-7.78 (m, 2H), 7.69-7.67 (m, 2H), 7.47-7.43

(m, 2H), 7.37-7.34 (m, 5H), 7.19 (d, J = 8.0 Hz, 2H), 4.60 (t, J = 4.0 Hz, 2H), 4.40 (t,

J=4.0 Hz, 2H), 2.42 (s, 3H), 2.37 (s, 3H).
13C NMR (125 MHz, Chloroform-d)  144.0, 139.4, 138.8, 133.6, 131.6, 130.1, 129.7,

129.3, 129.0, 128.6, 127.7, 126.6, 122.7, 111.9, 97.2, 83.7, 58.4, 56.4, 21.7, 21.5.

HRMS (ESI) m/z: caled for [C26H23NO2S+H]" requires: 414.1522, found: 414.1524.
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3-(4-methoxyphenyl)-4-(phenylethynyl)-1-tosyl-2,5-dihydro-1H-pyrrole (2c¢)
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Compound 2¢: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.31. 20.1 mg, 45% yield. m.p. 114-118 °C.

"H NMR (500 MHz, Chloroform-d) 6 7.79-7.78 (m, 2H), 7.74 (dt, J=9.0, 2.5 Hz, 2H),
7.47-7.43 (m, 2H), 7.36-7.33 (m, 5SH), 6.92-6.89 (m, 2H), 4.58 (t,J=4.0 Hz, 2H), 4.38
(t,J=4.0 Hz, 2H), 3.83 (s, 3H), 2.42 (s, 3H).

13C NMR (125 MHz, Chloroform-d) § 160.2, 144.0, 138.4, 133.7, 131.6, 130.1, 128.9,
128.6, 128.2, 127.7, 125.3, 122.7, 114.0, 110.6, 96.9, 83.8, 58.4, 56.5, 55.5, 21.7.
HRMS (ESI) m/z: caled for [C26H23NO3S+H]" requires: 430.1471, found: 430.1473.
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3-(4-fluorophenyl)-4-(phenylethynyl)-1-tosyl-2,5-dihydro-1H-pyrrole (2d)
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Compound 2d: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.36. 31.0 mg, 71% yield. m.p. 158-162 °C.

'"H NMR (500 MHz, Chloroform-d) 6 7.80-7.74 (m, 4H), 7.46-7.42 (m, 2H), 7.37-7.34
(m, 5H), 7.10-7.05 (m, 2H), 4.58 (t, J = 4.0 Hz, 2H), 4.40 (t, /= 4.0 Hz, 2H), 2.43 (s,
3H).

13C NMR (125 MHz, Chloroform-d) d 162.9 (d, J = 248.9 Hz), 144.1, 137.7, 133.6,
131.7, 130.1, 129.2, 128.8 (d, J = 3.5 Hz), 128.7, 128.6 (d, J = 7.9 Hz), 127.7, 122.4,
115.7 (d, J=21.5Hz), 112.7 (d, J= 2.1 Hz), 97.4, 83.2, 58.4, 56.4, 21.7.

YF NMR (470 MHz, CDCIl3) 6 (m) (-110.70)-(-110.76).

HRMS (ESI) m/z: calcd for [C2sH20FNO2S+H]" requires: 418.1272, found: 418.1272.
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3-(4-chlorophenyl)-4-(phenylethynyl)-1-tosyl-2,5-dihydro-1H-pyrrole (2e)
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Compound 2e: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl

acetate, 8/1, Rr=0.39. 37.2 mg, 82% yield. m.p. 145-149 °C.

H NMR (500 MHz, Chloroform-d) & 7.80-7.78 (m, 2H), 7.64 (dt, J=9.5, 2.0 Hz, 2H),

7.50 (dt, J=9.5, 2.0 Hz, 2H), 7.45-7.43 (m, 2H), 7.38-7.33 (m, 5H), 4.57 (t, J = 4.0 Hz,

2H), 4.38 (t, J = 4.0 Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) ¢ 144.1, 137.6, 133.6, 131.8, 131.7, 131.4, 130.1,

129.3, 128.7, 128.2, 127.7, 123.2, 122.3, 113.9, 98.2, 83.1, 58.5, 56.2, 21.7.

HRMS (ESI) m/z: caled for [C2sH20CINO2S+H]" requires: 434.0976, found: 434.0978.
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Compound 2f: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.44. 32.4 mg, 65% yield. m.p. 151-155 °C.

"H NMR (500 MHz, Chloroform-d) J 7.80-7.78 (m, 2H), 7.71 (dt, J = 9.0, 2.0 Hz, 2H),
7.45-7.43 (m, 2H), 7.38-7.33 (m, 7H), 4.58 (t, /= 4.0 Hz, 2H), 4.39 (t, /= 4.0 Hz, 2H),
2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d)  144.1, 137.6, 134.9, 133.6, 131.7, 131.0, 130.1,
129.3,128.9, 128.7, 128.0, 127.7, 122.3, 113.7, 98.1, 83.1, 58.5, 56.3, 21.7.

HRMS (ESI) m/z: calcd for [C2sH20BrNO>S+H]" requires: 478.0471, found: 478.0457.
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Compound 2g: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl

acetate, 8/1, Rr=0.32. 32.0 mg, 59% yield. m.p. 178-182 °C.

H NMR (500 MHz, Chloroform-d) 6 7.79-7.77 (m, 2H), 7.71 (dt, J = 9.0, 2.0 Hz, 2H),

7.50 (dt, J= 9.0, 2.0 Hz, 2H), 7.45-7.42 (m, 2H), 7.39-7.33 (m, 5H), 4.57 (t, J = 4.0 Hz,

2H), 4.38 (t, J = 4.0 Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) ¢ 144.1, 137.75, 137.71, 133.6, 131.9, 131.7,

130.1, 129.3, 128.7, 128.3, 127.7, 122.3, 114.0, 98.4, 95.0, 83.1, 58.5, 56.1, 21.7.

HRMS (ESI) m/z: caled for [C2sH20INO2S+H]" requires: 526.0332, found: 526.0336.
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Compound 2h: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.51. 15.0 mg, 31% yield. m.p. 173-178 °C.

"H NMR (500 MHz, Chloroform-d) d 7.87 (d, J = 8.0 Hz, 2H), 7.81-7.79 (m, 2H), 7.64
(d,J=8.5Hz, 2H), 7.46-7.44 (m, 2H), 7.41-7.35 (m, 5H), 4.62 (t, /= 4.0 Hz, 2H), 4.43
(t,J=4.0 Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) § 144.2, 137.3, 135.8, 133.6, 131.8, 130.7 (q, J =
32.3 Hz), 130.2, 129.5, 128.7, 127.7, 126.9, 125.6 (q, J = 3.8 Hz), 124.0 (q, J =270.5
Hz), 122.1, 115.8, 98.7, 82.8, 58.6, 56.3, 21.7.

F NMR (470 MHz, CDCl3) 6 (s) (-62.76).
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HRMS (ESI) m/z
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Compound 2i: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.26. 6.7 mg, 15% yield. m.p. 162-166 °C.

"H NMR (500 MHz, Chloroform-d) 6 7.87-7.85 (m, 2H), 7.80-7.78 (m, 2H), 7.67-7.66
(m, 2H), 7.45-7.43 (m, 2H), 7.40-7.35 (m, 5H), 4.60 (t, /= 4.0 Hz, 2H), 4.43 (t, /J=4.0
Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 144.2, 136.75, 136.69, 133.5, 132.4, 131.8,
130.2, 129.6, 128.8, 127.7, 127.1, 121.9, 118.6, 117.1, 112.2, 99.6, 82.7, 58.6, 56.0,
21.7.

HRMS (ESI) m/z: caled for [C26H20N202S+H]" requires: 425.1318, found: 425.1318.
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Compound 2j: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.36. 29.3 mg, 59% yield. m.p. 181-185 °C.

"H NMR (500 MHz, Chloroform-d) 6 7.88-7.86 (m, 2H), 7.83-7.81 (m, 2H), 7.64-7.60
(m, 4H), 7.50-7.44 (m, 4H), 7.39-7.36 (m, 6H), 4.66 (t, J = 4.0 Hz, 2H), 4.44 (t, J=4.0
Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 144.0, 141.8, 140.2, 138.4, 133.6, 131.7, 131 4,
130.1,129.1,129.0, 128.6, 127.9, 127.7,127.19, 127.15, 127.1, 122.6, 113.0, 97.8, 83.6,
58.5,56.4,21.7.

HRMS (ESI) m/z: calcd for [C31H2sNO2S+H]" requires: 476.1679, found: 476.1681.

HX-7-52. 1. fid

Ph
"H NMR, 500 MHz, CDCly

-

2.001
2.00x

T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 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 0.5 0.0

S70



HX-7-52. 2. fid

CNNOOUNOONTTVDO QT ©©
CTOORANT-OOOTWLOOD PV O © ) 0 10 Y
ONNNOOITO-OQAONT, - oW © b N N
0D -cODHONNNNNN N N © o0 < ©
TLITOOOOONNNNNNNNN — ~ ) ) -
FFFFFFFFFFFFFFFFFF ) 0 00 ™
NARANANARANLNARANANANANANAN A | | <y |
#
TsN |

Ph
3C NMR, 125 MHz, CDCly

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
1 (ppm)

3-(phenylethynyl)-4-(m-tolyl)-1-tosyl-2,5-dihydro-1H-pyrrole (2k)

Compound 2k: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.30. 21.7 mg, 51% yield.

"H NMR (500 MHz, Chloroform-d) J 7.80-7.78 (m, 2H), 7.37 (d, J= 8.0 Hz, 2H), 7.29-
7.20 (m, 7H), 7.17 (td, J=17.5, 2.0 Hz, 1H), 7.12 (dd, J=17.5, 1.0 Hz, 1H), 4.45 (t, J =
4.0 Hz, 2H), 4.41 (t, J= 4.0 Hz, 2H), 2.45 (s, 3H), 2.22 (s, 3H).

13C NMR (125 MHz, Chloroform-d) J 144.0, 142.8, 136.3, 133.8, 132.6, 131.6, 130.7,
130.1,128.8, 128.7,128.4, 127.7,125.7, 122.5, 116.6,95.4, 82.4, 58.3,57.7,21.7, 20.1.
HRMS (ESI) m/z: caled for [C26H23NO2S+H]" requires: 414.1522, found: 414.1523.
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Compound 2I: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.23. 25.5 mg, 57% yield. m.p. 136-140 °C.

TH NMR (500 MHz, Chloroform-d, TMS) J 7.79-7.77 (m, 2H), 7.46-7.43 (m, 3H),
7.36-7.33 (m, SH), 7.30-7.25 (m, 2H), 6.89 (ddd, J = 8.0, 2.5, 1.5 Hz, 1H), 4.60 (t,J =
4.0 Hz, 2H), 4.40 (t, /= 4.0 Hz, 2H), 3.78 (s, 3H), 2.42 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 159.7, 144.0, 138.7, 133.7, 133.6, 131.6, 130.1,
129.6, 129.1, 128.6, 127.7, 122.5, 119.2, 115.1, 113.2, 112.0, 97.8, 83.4, 58.5, 56.5,
55.4,21.7.

HRMS (ESI) m/z: calcd for [C26H23NO3S+H]" requires: 430.1471, found: 430.1471.
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Compound 2m: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.37. 23.8 mg, 53% yield. m.p. 150-154 °C.

"H NMR (500 MHz, Chloroform-d) § 7.95 (s, 1H), 7.79 (d, J = 8.0 Hz, 2H), 7.54-7.52
(m, 1H), 7.49-7.47 (m, 2H), 7.37-7.35 (m, 5H), 7.32-7.31 (m, 2H), 4.58 (t, J = 4.0 Hz,
2H), 4.41 (t, J=4.0 Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 144.1, 137.2, 134.6, 134.2, 133.6, 131.7, 130.1,
129.9, 129.3, 129.1, 128.7, 127.7, 126.8, 124.7, 122.2, 114.6, 98.6, 83.1, 58.4, 56.2,
21.7.

HRMS (ESI) m/z: calcd for [C25H20CINO2S+H]" requires: 434.0976, found: 434.0978.
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Compound 2n: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.29. 26.7 mg, 54% yield. m.p. 164-167 °C.

'"H NMR (500 MHz, Chloroform-d) ¢ 8.13 (t,J= 2.0 Hz, 1H), 7.80-7.78 (m, 2H), 7.56
(dt,J=8.0, 1.5 Hz, 1H), 7.50-7.48 (m, 2H), 7.47-7.45 (m, 1H), 7.38-7.34 (m, 5H), 7.25
(t,J=8.0 Hz, 1H), 4.57 (t, /= 4.0 Hz, 2H), 4.41 (t, J=4.0 Hz, 2H), 2.43 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 144.1, 137.1, 134.4, 133.5, 131.9, 131.8, 130.2,
130.1, 129.7, 129.3, 128.7, 127.7, 125.1, 122.8, 122.2, 114.6, 98.7, 83.0, 58.4, 56.2,
21.7.

HRMS (ESI) m/z: caled for [CasH20BrNO2S+H]" requires: 478.0471, found: 478.0472.
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Compound 20: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.33. 15.4 mg, 36% yield.

"H NMR (500 MHz, Chloroform-d) J 7.80-7.78 (m, 2H), 7.37 (d, J= 8.0 Hz, 2H), 7.28-
7.20 (m, 7H), 7.17 (td, J=17.5, 1.5 Hz, 1H), 7.12 (dd, J=17.5, 1.5 Hz, 1H), 4.45 (t, J =
4.0 Hz, 2H), 4.41 (t, J= 4.0 Hz, 2H), 2.45 (s, 3H), 2.22 (s, 3H).

13C NMR (125 MHz, Chloroform-d) J 144.0, 142.8, 136.3, 133.8, 132.6, 131.6, 130.7,
130.1,128.9, 128.7,128.4, 127.7,125.7, 122.5, 116.6,95.4, 82.4, 58.3,57.7,21.7, 20.1.
HRMS (ESI) m/z: caled for [C26H23NO2S+H]" requires: 414.1522, found: 414.1523.
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Compound 2q: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.36. 24.1 mg, 52% yield. m.p. 203-207 °C.

'TH NMR (500 MHz, Chloroform-d) J 8.11 (dd, J=9.0, 2.0 Hz, 1H), 8.06 (s, 1H), 7.85-
7.81 (m, 5H), 7.52-7.48 (m, 4H), 7.39-7.35 (m, 5H), 4.74 (t, /= 4.0 Hz, 2H), 4.45 (t, J
=4.0 Hz, 2H), 2.42 (s, 3H).

13C NMR (125 MHz, Chloroform-d) ¢ 144.0, 138.8, 133.7, 133.4, 133.1, 131.7, 130.1,
130.0, 129.1, 128.7, 128.5, 128.2, 127.78, 127.75, 127.1, 126.8, 126.4, 124.1, 122.6,
113.4,97.7, 83.7, 58.6, 56.6, 21.7.

HRMS (ESI) m/z: calcd for [C20H23NO2S+H]" requires: 450.1522, found: 450.1524.
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3-(phenylethynyl)-4-(thiophen-2-yl)-1-tosyl-2,5-dihydro-1H-pyrrole (2r)

Compound 2r: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.24. 26.0 mg, 62% yield. m.p. 165-168 °C.

"H NMR (500 MHz, Chloroform-d) 6 7.79-7.77 (m, 2H), 7.55-7.51 (m, 2H), 7.38-7.34
(m, 6H), 7.12 (dd, J = 4.0, 1.0 Hz, 1H), 7.05 (dd, J = 5.0, 4.0 Hz, 1H), 4.61-4.59 (m,
2H), 4.37 (t, J=4.0 Hz, 2H), 2.42 (s, 3H).

13C NMR (125 MHz, Chloroform-d) J 144.1, 135.5, 134.5, 133.6, 131.6, 130.1, 129.1,
128.6, 127.7, 127.5, 127.0, 126.9, 122.6, 111.2, 100.1, 83.5, 57.6, 56.3, 21.7.

HRMS (ESI) m/z: caled for [C23Hi19NO2S>+H]" requires: 406.0930, found: 406.0930.
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Compound 2s: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.28. 34.6 mg, 71% yield. m.p. 152-156 °C.
TH NMR (500 MHz, Chloroform-d) J 7.78-7.76 (m, 2H), 7.49-7.47 (m, 2H), 7.37-7.34
(m, 5H), 6.83 (d, J = 3.5 Hz, 1H), 6.39 (d, J = 3.5 Hz, 1H), 4.52 (t, J = 4.0 Hz, 2H),
4.34 (t,J=4.0 Hz, 2H), 2.43 (s, 3H).
13C NMR (125 MHz, Chloroform-d) 6 150.3, 144.1, 133.5, 131.7, 130.1, 129.4, 129.2,
128.7,127.7,123.1, 122.4, 113.8, 112.7, 110.9, 99.2, 82.8, 57.5, 54.6, 21.7.

HRMS (ESI) m/z: caled for [C23HisBrNO3S+H]" requires: 468.0264, found: 468.0264.
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Compound 2t: a white solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.56. 25.5 mg, 53% yield. m.p. 191-196 °C.

TH NMR (500 MHz, Chloroform-d) § 7.78-7.76 (m, 4H), 7.70 (dt, J=9.0, 2.0 Hz, 2H),
7.47-7.43 (m, 2H), 7.41-7.33 (m, 6H), 4.62 (t, /= 4.0 Hz, 2H), 4.41 (t, /=4.0 Hz, 2H).
13C NMR (125 MHz, Chloroform-d) J 138.6, 135.8, 132.8, 132.3, 131.7, 129.3, 129.2,
129.1, 128.71, 128.66, 128.3, 126.7, 122.5, 112.9, 97.7, 83.2, 58.5, 56.5.

HRMS (ESI) m/z: caled for [C24H1sBrNO2S+H]" requires: 464.0314, found: 464.0315.

S83



1. fid

HX-7-85.

cor'vy

oS.L L2
8Ly | )
SL9¥ 297°9G ~
€297 1 Fo 98185
LE9'Y

€ee’L [

10

40

60

9ge’s
ZveL o )
gves F 6v2'€8 —
el
vSEL \u =00z | =
MNMM L - =002 61926 —
LiEL L
vieL
61€L 688°ZLL —
28’ b 98tzzL
Lee . Lp29zL /
A\

f1 (ppm)

S6€°L ° 09z'sch
SOov°L | [< 859821
601°L § 60.°8¢CL
A3 ) 6LL'6CL
€eVL © clLlech
LA veeeeh

0StL Y | ELLLEL
Sy L b geezeL

09v'2 Y O 4009 1L TEL
POV L o0zl 2 seg'gel
oL’ // 200z | v29'8EL //

¥89°2 \ﬁ 200'h

wwm.ﬁ ° -
2692
zoL 2] Z
9022 ] m
0LLL]
9522 1
192721 Fo
59272 ]
8922 ]
viLL] re
822
z8L'L °

TH NMR, 500 MHz, CDClj4
BsN

2. fid

HX-7-85.

90 80

100

120 110
£1 (ppm)
S84

130

140

3C NMR, 125 MHz, CDCly
200 190 180 170 160

210

3-(4-bromophenyl)-1-((4-bromophenyl)sulfonyl)-4-(phenylethynyl)-2,5-dihydro-

1H-pyrrole (2u)



&

Compound 2u: a white solid. Column chromatography, eluent: petroleum ether/ethyl

Br

acetate, 8/1, Rr=0.54. 30.2 mg, 55% yield. m.p. 154-159 °C.

TH NMR (500 MHz, Chloroform-d) § 7.76 (dt, J = 9.0, 2.0 Hz, 2H), 7.70 (dt, J = 9.0,
2.0 Hz, 2H), 7.64 (dt, J=9.0, 2.0 Hz, 2H), 7.52 (dt, J=9.0, 2.0 Hz, 2H), 7.46-7.42 (m,
2H), 7.40-7.34 (m, 3H), 4.58 (t, J = 4.0 Hz, 2H), 4.39 (t, J=4.0 Hz, 2H).

13C NMR (125 MHz, Chloroform-d) § 137.5, 135.8, 132.8, 131.9, 131.7, 131.2, 129.4,
129.1, 128.7, 128.3, 128.2, 123.4, 122.2, 113.8, 98.4, 82.9, 58.5, 56.2.

HRMS (ESI) m/z: calcd for [C24H17Br2NO2S+H]" requires: 541.9420, found: 541.9426.

HX-7-13. 1. fid

Br
"H NMR, 500 MHz, CDCly

5. | 200=
o | 2.00x

T T T T T T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1

S85



HX-7-13. 2. fid

Rl e i ittt i

29
29
28
28
28
23
22
13
—98.417
—82.937
~56.230

_-58.461

BsN |

Br
3C NMR, 125 MHz, CDCl3

Compound 2w: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.28. 27.7 mg, 69% yield. m.p. 133-137 °C.

"H NMR (500 MHz, Chloroform-d) 6 7.93-7.91 (m, 2H), 7.79-7.77 (m, 2H), 7.64-7.60
(m, 1H), 7.58-7.55 (m, 2H), 7.47-7.44 (m, 2H), 7.41-7.33 (m, 6H), 4.65 (t, J = 4.0 Hz,
2H), 4.43 (t, J=4.0 Hz, 2H).

13C NMR (125 MHz, Chloroform-d) § 138.7, 136.7, 133.2, 132.4, 131.7, 129.5, 129.2,
129.1, 128.7, 128.6, 127.6, 126.7, 122.5, 113.0, 97.5, 83.4, 58.5, 56.4.

HRMS (ESI) m/z: caled for [C24H19NO>S+H]" requires: 386.1209, found: 386.1207.
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e
Compound 2x: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Re=0.33. 25.4 mg, 61% yield. m.p. 112-116 °C.
'TH NMR (500 MHz, Chloroform-d) 6 7.79 (d, J= 7.0 Hz, 2H), 7.71 (d, J= 9.0 Hz, 2H),
7.47-7.33 (m, 10H), 4.64 (t, /= 4.0 Hz, 2H), 4.43 (t, /= 4.0 Hz, 2H), 2.45 (s, 3H).
13C NMR (125 MHz, Chloroform-d) d 139.7, 138.8, 136.5, 134.0, 132.5, 131.7, 129.3,
129.2, 129.1, 128.65, 128.62, 128.0, 126.7, 124.8, 122.5, 113.0, 97.5, 83.4, 58.5, 56.4,

21.6.
HRMS (ESI) m/z: caled for [C2sH21NO2S+H]" requires: 400.1366, found: 400.1365.
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Compound 2y: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.45. 24.8 mg, 65% yield.

'"H NMR (500 MHz, Chloroform-d) 6 7.72-7.71 (m, 2H), 7.42-7.39 (m, 2H), 7.35-7.30
(m, 5H), 4.20 (t, J= 4.0 Hz, 2H), 3.90 (t, J = 4.0 Hz, 2H), 2.44 (s, 3H), 1.90-1.84 (m,
1H), 0.86-0.82 (m, 2H), 0.69-0.66 (m, 2H).

13C NMR (125 MHz, Chloroform-d) 6 145.8, 143.9, 133.8, 131.5, 130.0, 128.6, 128.5,
127.6, 122.9, 112.3, 95.1, 82.0, 57.3, 54.5, 21.7, 11.2, 6.4.

HRMS (ESI) m/z: caled for [C22H21NO>S+H]" requires: 364.1366, found: 364.1364.
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Compound 5: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.64. 18.3 mg, 68% yield.

'"H NMR (500 MHz, Chloroform-d) 6 7.84-7.81 (m, 2H), 7.54-7.49 (m, 2H), 7.44-7.40
(m, 2H), 7.39-7.33 (m, 4H), 5.19 (t, J= 4.5 Hz, 2H), 4.93 (t, /= 4.5 Hz, 2H).

13C NMR (125 MHz, Chloroform-d) 6 140.2, 132.3, 131.7, 128.84, 128.83, 128.7,
128.6, 126.8, 123.0, 114.6, 98.0, 83.0, 79.3, 77.4.

HRMS (ESI) m/z: caled for [CisH14O+H]" requires:247.1117, found: 247.1118.
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Compound 6: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.37. 16.3 mg, 43% yield.

"H NMR (500 MHz, Chloroform-d) 6 7.91-7.89 (m, 2H), 7.48-7.46 (m, 2H), 7.41-7.37
(m, 2H), 7.35-7.29 (m, 4H), 3.79 (s, 6H), 3.59 (t, J = 2.0 Hz, 2H), 3.46 (t, J = 2.0 Hz,
2H).

13C NMR (125 MHz, Chloroform-d) 6 172.0, 142.2, 135.1, 131.6, 128.53, 128.52,
128.4,128.3,127.1, 123.4, 115.3, 95.6, 86.6, 57.4, 53.3, 45.6, 43.1.

HRMS (ESI) m/z: caled for [C23H2004+H]" requires:361.1434, found: 361.1433.
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5. Experimental procedure and characterization data for products 3a-

3y,8and 9

5.1 General procedure C for products 3a-3y, 8 and 9.

Ts—N ::

o

Sc(OTf)3 (10 mol%)
TFE (0.05 M), 80 °C, N,, 10 h

1a

Under N, atmosphere, 2,2,2-Trifluoroethanol (TFE) (2.0 mL, 0.05 M) was added
to a mixture of 1a (41.8 mg, 0.1 mmol), Sc(OTf)3 (4.9 mg, 0.01 mmol). The reaction
system was stirred at 80 °C in a parallel reactor for 10 hours until 1a was completely
consumed by TLC monitoring. Then the solvent was removed under reduced pressure
and the residue was purified by a silica gel flash column chromatography (eluent:
petroleum ether/ethyl acetate, 8/1) to give the product 3a (29.4 mg, 70% yield) as a

yellow solid.
5.2. Characterization date of products 3a-3y, 8 and 9.

2-phenyl-1-(4-phenyl-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)ethan-1-one (3a)

Compound 3a: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.18. 29.4 mg, 70% yield. m.p. 106-110 °C.

'"H NMR (500 MHz, Chloroform-d) 6 7.74-7.72 (m, 2H), 7.43-7.39 (m, 3H), 7.34 (d, J
= 8.0 Hz, 2H), 7.23-7.16 (m, 5H), 6.85-6.83 (m, 2H), 4.51 (t, J = 4.0 Hz, 2H), 4.44 (t,
J=4.0 Hz, 2H), 3.48 (s, 2H), 2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.5, 145.3, 144.1, 133.6, 133.4, 133.0, 132.7,
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130.1, 129.9, 129.3, 129.1, 128.6, 128.0, 127.7, 127.1, 60.4, 56.9, 48.0, 21.7.

HRMS (ESI) m/z: caled for [C2sH2sNOsS+H]" requires: 418.1471, found: 418.1485.
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Compound 3b: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl

acetate, 8/1, Rr=0.26. 24.9 mg, 58% yield. m.p. 137-141 °C.

TH NMR (500 MHz, Chloroform-d) 6 7.73-7.71 (m, 2H), 7.33 (d, J= 8.0 Hz, 2H), 7.23-

7.18 (m, 5H), 7.08-7.07 (m, 2H), 6.87 (dd, J = 7.5, 2.0 Hz, 2H), 4.50 (t, J = 4.0 Hz, 2H),

4.42 (t, J=4.0 Hz, 2H), 3.51 (s, 2H), 2.44 (s, 3H), 2.38 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.7, 145.5, 144.0, 140.2, 133.6, 132.5, 130.1,

129.8, 129.7, 129.4, 128.6, 127.9, 127.7, 127.1, 60.2, 56.9, 47.9, 21.7, 21.5.

HRMS (ESI) m/z: caled for [C26H2sNO3S+H]" requires: 432.1628, found: 432.1633.
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1-(4-(4-methoxyphenyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)-2-phenylethan-1-one
3¢)

Compound 3¢: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.18. 20.2 mg, 45% yield.

"H NMR (500 MHz, Chloroform-d) 6 7.73-7.71 (m, 2H), 7.33 (d, /= 8.0 Hz, 2H), 7.24-
7.19 (m, 3H), 7.14 (dt, J=9.5, 2.5 Hz, 2H), 6.93-6.88 (m, 4H), 4.49 (t, /= 4.0 Hz, 2H),
4.41 (t,J=4.0 Hz, 2H), 3.83 (s, 3H), 3.54 (s, 2H), 2.44 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.8, 160.9, 145.1, 144.0, 133.64, 133.56,
131.8, 130.1, 129.6, 129.4, 128.6, 127.7, 127.1, 124.7, 114.4, 60.0, 56.9, 55.5, 48.0,
21.7.

HRMS (ESI) m/z: caled for [C26H2sNO4S+H]" requires: 448.1577, found: 448.1582.
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Compound 3d: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.20. 23.4 mg, 54% yield. m.p. 93-96 °C.

"H NMR (500 MHz, Chloroform-d) § 7.73-7.71 (m, 2H), 7.34 (d, J= 8.0 Hz, 2H), 7.25-
7.20 (m, 3H), 7.18-7.15 (m, 2H), 7.11-7.06 (m, 2H), 6.87 (dd, J = 7.5, 2.0 Hz, 2H),
4.49-4.47 (m, 2H), 4.45-4.43 (m, 2H), 3.51 (s, 2H), 2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) § 196.1, 163.4 (d, J=249.4 Hz), 144.14, 144.08,
133.5, 133.2, 133.0, 130.1, 130.0 (d, J = 8.3 Hz), 129.3, 128.7, 128.6 (d, J = 3.5 Hz),
127.7,127.2, 116.2 (d, J=21.6 Hz), 60.1, 56.8, 48.2, 21.7.

IYF NMR (470 MHz, CDCl3) 6 (m) (-110.03)-(-110.08).

HRMS (ESI) m/z: caled for [C2sH22FNO3S+H]" requires: 436.1377, found: 436.1380.
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Compound 3e: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.29. 30.8 mg, 68% yield.

'TH NMR (500 MHz, Chloroform-d)  7.73-7.71 (m, 2H), 7.52 (dt, /= 9.0, 2.0 Hz, 2H),
7.34 (d, J = 8.0 Hz, 2H), 7.25-7.21 (m, 3H), 7.04 (dt, J = 8.0, 2.5 Hz, 2H), 6.87 (dd, J
=17.5,2.0 Hz, 2H), 4.48-4.46 (m, 2H), 4.44-4.43 (m, 2H), 3.51 (s, 2H), 2.44 (s, 3H).
13C NMR (125 MHz, Chloroform-d) § 196.0, 144.2, 143.8, 133.5, 133.3, 133.1, 132.3,
131.4,130.1, 129.5, 129.3, 128.7, 127.7, 127.3, 124.2, 59.9, 56.8, 48.3, 21.7.

HRMS (ESI) m/z: caled for [C2sH22CINO3S+H]" requires: 452.1082, found: 452.1081.
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1-(4-(4-bromophenyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)-2-phenylethan-1-one
(1)

Compound 3f: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.22. 34.2 mg, 69% yield.

TH NMR (500 MHz, Chloroform-d) J 7.73-7.71 (m, 2H), 7.38-7.33 (m, 4H), 7.25-7.19
(m, 3H), 7.11 (dt, J = 8.0, 2.0 Hz, 2H), 6.87 (dd, J = 7.5, 2.0 Hz, 2H), 4.48-4.44 (m,
4H), 3.52 (s, 2H), 2.44 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.0, 144.1, 143.8, 135.9, 133.5, 133.2, 133.1,
130.9, 130.1, 129.31, 129.28, 129.25, 128.7, 127.6, 127.2, 59.9, 56.8, 48.2, 21.7.
HRMS (ESI) m/z: caled for [C2sH2BrNO3S+H]" requires: 496.0577, found: 496.0580.
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Compound 3g: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.19. 37.5 mg, 69% yield. m.p. 99-103 °C.

'TH NMR (500 MHz, Chloroform-d) 6 7.73 (d, J= 3.0 Hz, 2H), 7.71 (d, J= 3.0 Hz, 2H),
7.33 (d, J = 8.0 Hz, 2H), 7.25-7.20 (m, 3H), 6.91-6.89 (m, 2H), 6.87 (dd, J=17.5, 2.5
Hz, 2H), 4.46 (t, J= 4.0 Hz, 2H), 4.43 (t, J = 4.0 Hz, 2H), 3.51 (s, 2H), 2.44 (s, 3H).
13C NMR (125 MHz, Chloroform-d) § 196.0, 144.2, 143.9, 138.2, 133.5, 133.3, 133.1,
132.0, 130.1, 129.6, 129.3, 128.7, 127.7, 127.2, 95.9, 59.8, 56.8, 48.3, 21.7.

HRMS (ESI) m/z: caled for [C2sH22INO3S-H] requires: 542.0292, found: 542.0315.
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2-phenyl-1-(1-tosyl-4-(4-(trifluoromethyl)phenyl)-2,5-dihydro-1H-pyrrol-3-
yDethan-1-one (3h)

Compound 3h: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.36. 30.2 mg, 62% yield. m.p. 107-112 °C.

TH NMR (500 MHz, Chloroform-d, TMS) ¢ 7.74-7.72 (m, 2H), 7.63 (d, J = 8.0 Hz,
2H), 7.35 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 9.0 Hz, 2H), 7.24-7.21 (m, 3H), 6.86-6.84
(m, 2H), 4.49 (s, 4H), 3.51 (s, 2H), 2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 195.6, 144.3, 143.5,136.3 (q,J= 1.1 Hz), 134.0,
133.5,132.9,131.7 (q,J=32.6 Hz), 130.2, 129.2, 128.8, 128.4, 127.7, 127.3, 126.0 (q,
J=3.8 Hz), 123.7 (q, J=270.8 Hz), 60.0, 56.8, 48.4, 21.7.

F NMR (470 MHz, CDCI3) 6 (s) (-62.88)
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4-(4-(2-phenylacetyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)benzonitrile (3i)

Compound 3i: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.10. 26.1 mg, 59% yield.

"H NMR (500 MHz, Chloroform-d) 6 7.72-7.70 (m, 2H), 7.65-7.63 (m, 2H), 7.34 (d, J
= 8.0 Hz, 2H), 7.26-7.22 (m, 5H), 6.88-6.86 (m, 2H), 4.49-4.45 (m, 4H), 3.52 (s, 2H),
2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) § 195.3, 144.3, 142.8, 137.2, 134.2, 133.4, 132.6,
130.2, 129.2, 128.8, 128.7, 127.6, 127.4, 118.1, 113.4, 59.6, 56.7, 48.6, 21.7.

HRMS (ESI) m/z: caled for [C26H22N203S+H]" requires: 443.1424, found: 443.1426.
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Compound 3j: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.23. 28.9 mg, 59% yield. m.p. 110-114 °C.

TH NMR (500 MHz, Chloroform-d) J 7.76-7.74 (m, 2H), 7.65-7.60 (m, 4H), 7.49-7.46
(m, 2H), 7.41-7.38 (m, 1H), 7.35 (d, J= 8.0 Hz, 2H), 7.27-7.19 (m, 5H), 6.91-6.89 (m,
2H), 4.56 (t, J=4.0 Hz, 2H), 4.48 (t, J=4.0 Hz, 2H), 3.59 (s, 2H), 2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.6, 144.8, 144.1, 142.7, 139.9, 133.5, 133 .4,
132.8,131.4,130.1, 129.3, 129.1, 128.6, 128.5, 128.1, 127.7, 127.6, 127.2, 127.1, 60.1,
56.9,48.1,21.7.

HRMS (ESI) m/z: calcd for [C31H27NO3S+H]" requires: 494.1784, found: 494.1790.
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2-phenyl-1-(4-(m-tolyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)ethan-1-one (3k)

Compound 3k: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.22. 8.9 mg, 21% yield. m.p. 111-115 °C.

"H NMR (500 MHz, Chloroform-d)  7.76-7.73 (m, 2H), 7.34 (d, J= 8.0 Hz, 2H), 7.33-
7.29 (m, 1H), 7.23 (d, J="7.5 Hz, 2H), 7.19-7.16 (m, 3H),6.98-6.96 (m, 1H), 6.74-6.72
(m, 2H), 4.51 (t, J = 4.0 Hz, 2H), 4.42 (t, J = 4.0 Hz, 2H), 3.30 (s, 2H), 2.45 (s, 3H),
2.00 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 195.0, 147.5, 144.1, 135.2, 134.4, 133.6, 133.3,
132.7,131.1, 130.1, 129.5, 129.3, 128.5, 127.80, 127.76, 127.0, 126.6, 61.0, 56.2, 47.1,
21.7,19.3.

HRMS (ESI) m/z: caled for [C26H2sNO3S+H]" requires: 432.1628, found: 432.1629.

S110



HX-7-106R. 1. fid

G66°L —

lSsv'e —

962°€
60171
LIvY
Gy
667V
105t §
916V §
0zL'9

S2L'9

0€L'9

2eL’9

6€L°9

9669

8569

296'9
1269 1
G169
oL
cLL L
LLVLA
18127
€871 7
G812
68172
222 LA
LET LA

v62L ]
962°L -]
60€°L |
ere s
vze'L ]
9zeL
vee L
05€°L
0L ]
ves s
8eL L
RV
vl
1522

———— —

8G.°L

"H NMR, 500 MHz, CDCly

2002
002

00T
0k
M\oqm
400T
0t
0z
00T

£1 (ppm)

€ee6l ~
lzLe

080°Ly —

202’98 —
G00'L9 —

HR-7-106R. 1. fid

¥09°9Z1 1
S20°221
8G.°221 1
z08°221 1
161821
€€€°621
8€5°621 1
160°0€ )
LSO LEL
1592
$ZEEEL W
1z9°€el L
68€VEL T
0zz'selL

Z80°vvL —
L&Y Lyl —

186161 —

3C NMR, 125 MHz, CDCl

10

80 70 60

90

110

130

15

T
160

210

£1 (ppm)

-2-phenylethan-1-one

1-(4-(3-methoxyphenyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)

@3

S111



Compound 3I: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.13. 11.3 mg, 25% yield.

'TH NMR (500 MHz, Chloroform-d) 6 7.74-7.71 (m, 2H), 7.34-7.30 (m, 3H), 7.23-7.19
(m, 3H), 6.95 (ddd, J = 8.5, 2.5, 1.0 Hz, 1H), 6.86-6.83 (m, 2H), 6.75 (dt, /= 7.5, 1.0
Hz, 1H), 6.64 (dd, J=2.5, 1.5 Hz, 1H), 4.50-4.49 (m, 2H), 4.44-4.42 (m, 2H), 3.77 (s,
3H), 3.51 (s, 2H), 2.44 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.6, 160.0, 145.2, 144.1, 134.0, 133.6, 133.5,
133.2, 130.3, 130.1, 129.3, 128.6, 127.7, 127.1, 120.2, 115.3, 113.5, 60.4, 56.8, 55.5,
47.9,21.7.

HRMS (ESI) m/z: caled for [C26H2sNO4S+H]" requires: 448.1577, found: 448.1575.
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3C NMR, 125 MHz, CDCl5

1-(4-(3-chlorophenyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3-yl)-2-phenylethan-1-one
(3m)

Compound 3m: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.28. 28.3 mg, 63% yield.

TH NMR (500 MHz, Chloroform-d) J 7.72 (dt, J = 9.5, 2.0 Hz, 2H), 7.39 (ddd, J = 8.0,
2.0, 1.0 Hz, 1H), 7.35-7.32 (m, 3H), 7.25-7.21 (m, 3H), 7.09 (t, J = 2.0 Hz, 1H), 7.05
(dt,J=17.5,1.5Hz, 1H), 6.86 (dd, J=7.5, 2.5 Hz, 2H), 4.48-4.44 (m, 4H), 3.51 (s, 2H),
2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 195.9, 144.2, 143.5, 135.1, 134.4, 133.8, 133.5,
133.0, 130.4, 130.1, 129.9, 129.3, 128.7, 128.0, 127.7, 127.2, 126.1, 60.1, 56.8, 48.2,
21.7.

HRMS (ESI) m/z: caled for [C2sH22CINOsS+H]" requires: 452.1082, found: 452.1088.
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Compound 3n: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl

acetate, 8/1, Rr=0.18. 17.0 mg, 35% yield.

'H NMR (500 MHz, Chloroform-d) 6 7.72 (dt, J = 7.5, 2.0 Hz, 2H), 7.54 (ddd, J = 8.0,

2.0, 1.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.29-7.21 (m, 5H), 7.10 (dt, J = 7.5, 1.0 Hz,

1H), 6.86-6.85 (m, 2H), 4.46 (s, 4H), 3.51 (s,

13C NMR (125 MHz, Chloroform-d) § 195.9,

2H), 2.45 (s, 3H).
144.2, 143.4, 134.6, 133.8, 133.5, 133.0,

132.8, 130.8, 130.6, 130.2, 129.3, 128.7, 127.7, 127.3, 126.5, 123.1, 60.1, 56.8, 48.2,

21.7.

HRMS (ESI) m/z: calcd for [C2sH22BrNO3S+H]" requires: 496.0577, found: 496.0577.
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Compound 3o0: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.12. 8.1 mg, 20% yield.

'"H NMR (500 MHz, Chloroform-d) § 7.74 (dt, J = 7.5, 1.5 Hz, 2H), 7.34 (d, J = 6.5
Hz, 2H), 7.32-7.30 (m, 1H), 7.23 (d, J = 6.5 Hz, 2H), 7.19-7.17 (m, 3H), 6.97-6.96 (m,
1H), 6.74-6.72 (m, 2H), 4.51 (t, J= 3.5 Hz, 2H), 4.42 (t, J = 3.5 Hz, 2H), 3.29 (s, 2H),
2.45 (s, 3H), 1.99 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 195.0, 147.5, 144.1, 135.2, 134.4, 133.6, 133.3,
132.6,131.1, 130.1, 129.5, 129.3, 128.5, 127.80, 127.75, 127.0, 126.6, 61.0, 56.2, 47.1,
21.7,19.3.

HRMS (ESI) m/z: caled for [C26H2sNO3S+H]' requires: 432.1628, found: 432.1628.
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Compound 3p: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.18. 20.6 mg, 46% yield.

'TH NMR (500 MHz, Chloroform-d) d 7.74 (dt, J = 9.0, 2.0 Hz, 2H), 7.44 (dd, J = 8.0,
1.0 Hz, 1H), 7.38-7.33 (m, 3H), 7.30 (td, /= 8.0, 1.0 Hz, 1H), 7.23-7.17 (m, 3H), 7.08
(dd, J=17.5, 1.5 Hz, 1H), 6.82-6.80 (m, 2H), 4.51 (s, 4H), 3.36 (s, 2H), 2.45 (s, 3H).
13C NMR (125 MHz, Chloroform-d) 6 194.4, 144.1, 144.0, 135.4, 133.6, 133.1, 132.3,
132.2, 130.9, 130.4, 130.1, 129.6, 129.4, 128.5, 127.7, 127.6, 127.1, 60.3, 56.2, 47.3,
21.7.

HRMS (ESI) m/z: calcd for [C2sH2CINO3S+H]" requires: 452.1082, found: 452.1080.
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Compound 3q: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.22. 7.8 mg, 17% yield. m.p. 54-58 °C.

TH NMR (500 MHz, Chloroform-d) J 7.89-7.86 (m, 2H), 7.79-7.77 (m, 1H), 7.76-7.74
(m, 2H), 7.63 (s, 1H), 7.58-7.53 (m, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.27-7.25 (m, 1H),
7.18-7.15 (m, 3H), 6.81-6.79 (m, 2H), 4.61 (t, J= 4.0 Hz, 2H), 4.49 (t, J= 4.0 Hz, 2H),
3.51 (s, 2H), 2.45 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.7, 145.2, 144.1, 133.6, 133.4, 133.2, 133.0,
130.1, 130.0, 129.3, 129.0, 128.6, 128.3, 128.0, 127.79, 127.75, 127.5, 127.3, 127.1,
125.0, 60.3, 57.0, 48.1, 21.7.

HRMS (ESI) m/z: caled for [C290H2sNO3S+H]" requires: 468.1628, found: 468.1642.
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Compound 3r: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.17. 5.4 mg, 13% yield. m.p. 133-136 °C.

"H NMR (500 MHz, Chloroform-d) J 7.70-7.68 (m, 2H), 7.48 (dd, J= 5.0, 1.0 Hz, 1H),
7.37 (dd, J=4.0, 1.0 Hz, 1H), 7.33-7.29 (m, 4H), 7.28-7.25 (m, 1H), 7.12-7.10 (m, 2H),
7.07 (dd, J=5.0,4.0 Hz, 1H), 4.64 (t, J=4.0 Hz, 2H), 4.52 (t,J=4.0 Hz, 2H), 3.76 (s,
2H), 2.42 (s, 3H).

13C NMR (125 MHz, Chloroform-d) § 194.4, 144.3, 138.4, 133.25, 133.22, 133.15,
131.5,130.7, 130.2, 129.5, 128.9, 127.6, 127.39, 127.38, 127.2, 58.8, 56.5, 49.0, 21.7.
HRMS (ESI) m/z: calcd for [C23H21NO3S>+H]" requires: 424.1036, found: 424.1036.

HX-7-96. 1. fid

"H NMR, 500 MHz, CDCl3

2.00=
3.00=

e =
_

T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.

5.0
1 (ppm)

S121



HX-7-96. 2. fid

o V- OT-FTT-OTNNOY
I LANTADLOITOON T D DO N - N <
b AYTANNEINCD0O0O DN N
3 TOMMOMT OO ®ONINININ N o N
[} TOOOMOMO®ONNNNNN 0 © © =
- Y rrTTsrereecew 0w < N
I T I~ I

e}

TsN_ |
S
|/

3C NMR, 125 MHz, CDCl3

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [ 10
1 (ppm)

1-(1-((4-bromophenyl)sulfonyl)-4-phenyl-2,5-dihydro-1H-pyrrol-3-yl)-2-

phenylethan-1-one (3t)

Compound 3t: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.33. 30.6 mg, 63% yield. m.p. 133-137 °C.

TH NMR (500 MHz, Chloroform-d)  7.71-7.67 (m, 4H), 7.45-7.40 (m, 3H), 7.24-7.18
(m, 5H), 6.84-6.82 (m, 2H), 4.52 (t, J = 4.0 Hz, 2H), 4.43 (t, /= 4.0 Hz, 2H), 3.50 (s,
2H).

13C NMR (125 MHz, Chloroform-d) 6 196.4, 145.1, 135.7, 133.3, 132.83, 132.77,
132.5, 130.0, 129.3, 129.2, 129.1, 128.6, 128.3, 127.9, 127.2, 60.3, 56.9, 47.9.

HRMS (ESI) m/z: caled for [C24H20BrNO3S+H]" requires: 482.0420, found: 482.0421.
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Compound 3u: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Ry=0.32. 40.7 mg, 73% yield. m.p. 112-116 °C.

'"H NMR (500 MHz, Chloroform-d) ¢ 7.68 (s, 4H), 7.54-7.52 (m, 2H), 7.24-7.21 (m,
3H), 7.06 (dt, /=9.0, 2.0 Hz, 2H), 6.87-6.85 (m, 2H), 4.48-4.46 (m, 2H), 4.43-4.41 (m,
2H), 3.52 (s, 2H).

13C NMR (125 MHz, Chloroform-d) 6 195.9, 143.5, 135.6, 133.2, 133.0, 132.8, 132.3,
131.2,129.5,129.2, 129.0, 128.7, 128.4, 127.3, 124.3, 59.9, 56.9, 48.2.

HRMS (ESI) m/z: calcd for [C24H19BraNO3S+H]" requires: 559.9525, found: 559.9547.
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1-(1-((4-nitrophenyl)sulfonyl)-4-phenyl-2,5-dihydro-1H-pyrrol-3-yl)-2-

phenylethan-1-one (3v)

Compound 3v: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.17. 32.7 mg, 73% yield. m.p. 137-140 °C.

'"H NMR (500 MHz, Chloroform-d) ¢ 8.38 (dt, J = 9.0, 2.0 Hz, 2H), 8.02 (dt, J = 9.0,
2.0 Hz, 2H), 7.46-7.41 (m, 3H), 7.21-7.18 (m, 5H), 6.83-6.81 (m, 2H), 4.56 (t,J=4.0
Hz, 2H), 4.47 (t, J=4.0 Hz, 2H), 3.50 (s, 2H).

13C NMR (125 MHz, Chloroform-d) § 196.3, 150.4, 144.8, 142.7, 133.2, 132.7, 132.3,
130.2, 129.3, 128.71, 128.67, 128.0, 127.3, 124.8, 60.4, 57.0, 48.0.

HRMS (ESI) m/z: caled for [C24H20N205S+H]" requires: 449.1166, found: 449.1168.
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Compound 3w: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.18. 27.8 mg, 69% yield. m.p. 112-116 °C.

'TH NMR (500 MHz, Chloroform-d) 6 7.86-7.84 (m, 2H), 7.63 (tt,J = 7.5, 2.0 Hz, 1H),
7.57-7.54 (m, 2H), 7.45-7.39 (m, 3H), 7.23-7.16 (m, 5H), 6.84 (dd, /= 6.5, 2.0 Hz, 2H),
4.54 (t,J=4.0 Hz, 2H), 4.47 (t, J=4.0 Hz, 2H), 3.48 (s, 2H).

13C NMR (125 MHz, Chloroform-d) 6 196.4, 145.3, 136.6, 133.4, 133.2, 133.0, 132.6,
129.9, 129.5, 129.3, 129.1, 128.6, 127.9, 127.6, 127.1, 60.4, 56.9, 47.9.

HRMS (ESI) m/z: caled for [C24H21NO3S+H]" requires: 404.1315, found: 404.1313.
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2-phenyl-1-(4-phenyl-1-(m-tolylsulfonyl)-2,5-dihydro-1H-pyrrol-3-yl)ethan-1-one
(3x)

Compound 3x: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.21. 23.7 mg, 57% yield. m.p. 119-122 °C.

TH NMR (500 MHz, Chloroform-d) J 7.66-7.63 (m, 2H), 7.45-7.39 (m, 5H), 7.23-7.17
(m, 5H), 6.84 (dd, J = 7.5, 2.0 Hz, 2H), 4.53 (t, J = 4.0 Hz, 2H), 4.46 (t, J = 4.0 Hz,
2H), 3.49 (s, 2H), 2.44 (s, 3H).

13C NMR (125 MHz, Chloroform-d) 6 196.5, 145.4, 139.7, 136.4, 134.0, 133.4, 133.0,
132.7,129.9, 129.3, 129.1, 128.6, 128.0, 127.1, 124.8, 60.3, 56.8, 47.9, 21.6.

HRMS (ESI) m/z: calcd for [C2sH23NO3S+H]" requires: 418.1471, found: 418.1476.
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Compound 3y: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.27. 31.5 mg, 83% yield.

TH NMR (500 MHz, Chloroform-d) J 7.65-7.63 (m, 2H), 7.34-7.30 (m, 4H), 7.28-7.25
(m, 1H), 7.14-7.12 (m, 2H), 4.37 (t, J = 4.0 Hz, 2H), 3.87 (t, /= 4.0 Hz, 2H), 3.76 (s,
2H), 2.72-2.66 (m, 1H), 2.43 (s, 3H), 0.93-0.89 (m, 2H), 0.67-0.63 (m, 2H).

13C NMR (125 MHz, Chloroform-d) § 194.3, 154.2, 144.0, 133.3, 130.0, 129.7, 129.5,
128.8,127.5,127.2,55.9,54.9,49.2,21.7, 11.4, 8.2.

HRMS (ESI) m/z: caled for [C22H23NO3S+H]" requires: 382.1471, found: 382.1471.
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Compound 8: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.41. 12.4 mg, 47% yield.

'"H NMR (500 MHz, Chloroform-d) é 7.46-7.43 (m, 3H), 7.32-7.30 (m, 2H), 7.26-7.19
(m, 3H), 6.94-6.93 (m, 2H), 5.04 (s, 4H), 3.62 (s, 2H).

13C NMR (125 MHz, Chloroform-d) 6 196.4, 147.7, 134.2, 133.8, 132.4, 129.5, 129.4,
129.0, 128.6, 128.1, 127.0, 81.0, 78.3, 48.2.

HRMS (ESI) m/z: calcd for [CisHi602+H]" requires: 265.1223, found: 265.1224.
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Compound 9: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.27. 15.5 mg, 41% yield.

'"H NMR (500 MHz, Chloroform-d) d 7.41-7.38 (m, 3H), 7.29-7.27 (m, 2H), 7.24-7.16
(m, 3H), 6.94-6.92 (m, 2H), 3.75 (s, 6H), 3.52-3.51 (m, 4H), 3.44 (t,J=2.0 Hz, 2H).
13C NMR (125 MHz, Chloroform-d) 6 198.9, 171.8, 148.1, 135.8, 135.4, 134.2, 129.5,
129.1, 128.8, 128.5, 128.0, 126.8, 56.9, 53.2, 48.3, 47.5, 43.0.

HRMS (ESI) m/z: calcd for [C23H2205+H]" requires: 379.1540, found: 379.1541.
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6. Gram scale experiment of 2a and 3a

6.1 Gram scale experiment of 2a

—0) 0

Ts—N
Sc(OTf)3 (10 mol%) 7
o DCE (0.1 M), 80°C, Ny, 10 h  TSN_ |
1a, 1.044 g 2a, 0.5572 g, 56% yield

Under N> atmosphere, dry 1,2-dichloroethane (DCE) (25 mL, 0.1 M) was added
to a mixture of 1a (1.044 g, 2.5 mmol), Sc(OT*); (123.2 mg, 0.25 mmol). The reaction
system was stirred at 80 °C for 10 hours in oil bath until 1a was completely consumed
by TLC monitoring. Then the solvent was removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/ethyl acetate, 8/1) to give the product 2a (0.5572 g, 56% yield) as a yellow solid.

6.2 Gram scale experiment of 3a

Ts—N ::

O

Sc(OTf)3 (10 mol%)
TFE (0.05 M), 80 °C, N, 10 h

1a, 1.047 g 3a, 0.6316 g, 60% yield
Under N» atmosphere, 2,2,2-Trifluoroethanol (TFE) (50 mL, 0.05 M) was added
to a mixture of 1a (1.047 g, 2.5 mmol), Sc(OTf); (123.4 mg, 0.25 mmol). The reaction
system was stirred at 80 °C for 10 hours in oil bath until 1a was completely consumed
by TLC monitoring. Then the solvent was removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum

ether/ethyl acetate, 8/1) to give the product 3a (0.6316 g, 60% yield) as a yellow solid.
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7. Product transformations

3-phenyl-4-(phenylethynyl)-1-tosyl-1H-pyrrole (10)

g g

7 DDQ (3.0 equiv) 7
- ~I
TsN_ | toluene, 120°C, 3h TsN___
2a, 40.1 mg, 0.1 mmol 10, 33.4 mg, 84% yield

Under air atmosphere, toluene (2 mL, 0.05 M) was added to a mixture of 2a (40.1
mg, 0.1 mmol) and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, 68.3 mg, 0.3
mmol) in a dried reaction tube. The reaction system was stirred at 120 °C for 3 hours in
parallel reactor until 2a was completely consumed by TLC monitoring. Then the system
was filtered through celite, and washed with ethyl acetate. The mixture was
concentrated and purified by flash column chromatography (eluent: petroleum
ether/ethyl acetate = 8/1) to give the product 10 (33.4 mg, 84% yield) as a yellow solid.
Compound 10: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.40. 33.4 mg, 84% yield. m.p. 107-111 °C.
TH NMR (500 MHz, Chloroform-d) § 7.84-7.82 (m, 2H), 7.76-7.74 (m, 2H), 7.49 (d, J
=2.5Hz, 1H), 7.46-7.44 (m, 2H), 7.42-7.39 (m, 2H), 7.35-7.31 (m, 7H), 2.42 (s, 3H).
13C NMR (125 MHz, Chloroform-d) ¢ 145.7, 135.5, 132.8, 131.4, 130.33, 130.28,
128.6, 128.5, 128.3, 127.6, 127.3, 127.2, 124.9, 123.3, 117.4, 109.1, 92.5, 82.5, 21.8.
HRMS (ESI) m/z: caled for [C2sHi19NO>S+H]" requires: 398.1209, found: 398.1212.
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g g

F7 LiAIH, (5.0 equiv) 7
> ~I
TsN_ | THF, 50°C,20h HN___
2a, 40.0 mg, 0.1 mmol 11, 5.2 mg, 21% vyield

LiAlH4 (20.1 mg, 0.5 mmol) was added to a solution of 2a (40.0 mg, 0.1 mmol)
dissolved in THF (2 mL) in a dried reaction tube. The reaction system was stirred at 50
°C for 20 hours in parallel reactor until 2a was completely consumed by TLC
monitoring. Then the mixture was extracted with ethyl acetate and water. The organic
phase was dried over anhydrous Na>SOs4. The crude residue was obtained after
evaporating the solvent under vacuum and was purified by flash column
chromatography (eluent: petroleum ether/ethyl acetate = 8/1) to give the product 11 (5.2
mg, 21% yield) as a yellow oil.

Compound 11: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.23. 5.2 mg, 21% yield.

"H NMR (500 MHz, Chloroform-d) J 8.31 (broad, 1H), 7.83-7.81 (m, 2H), 7.49-7.46
(m, 2H), 7.42-7.38 (m, 2H), 7.34-7.25 (m, 4H), 7.14 (t, /= 2.5 Hz, 1H), 6.97 (t, J=2.5
Hz, 1H).

13C NMR (125 MHz, Chloroform-d) § 134.9, 131.3, 128.5, 128.4, 127.6, 127.1, 126.4,
126.3, 124.4, 123.6, 115.8, 103.4, 90.3, 84.9.

HRMS (ESI) m/z: caled for [CisHisN+H]" requires: 244.1121, found: 244.1122.
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3
DDQ (3.0 equiv)

° ~I
toluene, 120 °C, 3 h TsN _
3a, 41.9 mg, 0.1 mmol 12, 26.8 mg, 64% yield

Under air atmosphere, toluene (2 mL, 0.05 M) was added to a mixture of 3a (41.9
mg, 0.1 mmol) and 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, 68.3 mg, 0.3
mmol) in a dried reaction tube. The reaction system was stirred at 120 °C for 3 hours in
parallel reactor until 3a was completely consumed by TLC monitoring. Then the system
was filtered through celite, and washed with ethyl acetate. The mixture was
concentrated and purified by flash column chromatography (eluent: petroleum
ether/ethyl acetate = 8/1) to give the product 12 (26.8 mg, 64% yield) as a yellow solid.
Compound 12: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 8/1, Rr=0.27. 26.8 mg, 64% yield. m.p. 115-119 °C.
'"H NMR (500 MHz, Chloroform-d) J 7.83-7.80 (m, 3H), 7.36-7.27 (m, 9H), 7.25-7.22
(m, 1H), 7.18-7.16 (m, 2H), 7.12 (d, J= 2.0 Hz, 1H), 3.98 (s, 2H), 2.45 (s, 3H).
13C NMR (125 MHz, Chloroform-d) 6 193.3, 146.2, 135.0, 134.5, 132.9, 130.5, 129.9,
129.6, 129.2, 128.7, 128.2, 127.7, 127.4, 127.0, 126.29, 126.25, 120.0, 47.8, 21.8.
HRMS (ESI) m/z: caled for [C2sH21NO3S+H]" requires: 416.1315, found: 416.1313.
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5
LIHMDS 2.4 equiy) /S
THF,0°Ct070°C,10h \= !

3a, 41.8 mg, 0.1 mmol 13, 12.8 mg, 49% vyield

Under N; atmosphere, Lithium bis(trimethylsilyl)amide (LiHMDS) (0.24 mL, 1.0
M in THF, 0.24 mmol) was added dropwise to a mixture of 3a (41.8 mg, 0.1 mmol)
dissolved in THF (1 mL) in a 0 °C ice bath. Then, the ice bath was removed and the
reaction system was stirred at 70 °C for 10 hours in parallel reactor until 3a was
completely consumed by TLC monitoring. After that, the mixture was extracted with
ethyl acetate and water. The organic phase was dried over anhydrous Na;SOa. The crude
residue was obtained after evaporating the solvent under vacuum and was purified by
flash column chromatography (eluent: petroleum ether/ethyl acetate = 4/1) to give the
product 13 (12.8 mg, 49% yield) as a yellow powder.
Compound 13: a yellow powder. Column chromatography, eluent: petroleum
ether/ethyl acetate, 4/1, Rr=0.16. 12.8 mg, 49% yield. m.p. 198-202 °C.
'"H NMR (500 MHz, DMSO-ds) J 11.62 (broad, 1H), 7.91 (dd, J = 3.0, 2.0 Hz, 1H),
7.37-7.35 (m, 2H), 7.30-7.24 (m, 6H), 7.21-7.16 (m, 2H), 6.94 (t, J=2.0 Hz, 1H), 4.05
(s, 2H).
13C NMR (125 MHz, DMSO-ds) § 192.5, 136.5, 135.5, 129.4, 128.8, 128.2, 127.9,
127.5, 126.2, 125.8, 124.9, 121.1, 120.1, 46.5.
HRMS (ESI) m/z: caled for [CisHisNO+H]" requires: 262.1226, found: 262.1226.
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NH,OH+HCI (2.0 equiv)
NaOAc (2.0 equiv)

MeOH, rt to 90 °C, 10 h

TsN

3a, 41.8 mg, 0.1 mmol 14, 31.1 mg, 72 % vyield, E/Z=1:3

To a magnetically stirred solution of 3a (41.8 mg, 0.1 mmol) in methanol (1 mL)
was added hydroxylamine hydrochloride (13.8 mg, 0.2 mmol), and NaOAc (16.8 mg,
0.2 mmol) at room temperature. The reaction mixture stirred at 90 °C for 10 hours in
parallel reactor. After reaction was monitored by TLC, the solvent was evaporated upon
completion, quenched with water, extracted with ethyl acetate and dried over anhydrous
NaxSOg4. Evaporation of the solvent under reduced pressure and purification of the crude
by a flash column chromatography (eluent: petroleum ether/ethyl acetate = 4/1) to give
the inseparable mixture of diastereomers (£/Z=1:3) 14 (31.1 mg, 72%)
Compound 14: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 4/1, Rr=0.25. 31.1 mg, 72% yield. m.p. 116-119 °C.
TH NMR (500 MHz, Chloroform-d) 6 8.52 (s, 0.25H), 8.45 (s, 0.75H), 7.72-7.70 (m,
2H), 7.33-7.24 (m, 5H), 7.14-7.10 (m, 3H), 7.02-6.99 (m, 2H), 6.74-6.72 (m, 2H), 4.43-
4.39 (m, 4H), 3.58 (s, 2H), 2.43 (s, 3H).
13C NMR (125 MHz, Chloroform-d) § 154.6, 143.8, 137.5, 135.9, 133.7, 133.3, 130.0,
128.9, 128.6, 128.38, 128.36, 128.02, 127.99, 127.6, 126.3, 59.7, 57.9, 31.8, 21.7.
HRMS (ESI) m/z: calcd for [C2sH24N203S+H]" requires: 433.1580, found: 433.1574.
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HO

TsN |

MeOH, 50 °C, 10 h O

3a, 42.3 mg, 0.1 mmol 15, 42.8 mg, equivalent yield

NaBH, (2.0 equiv)

To a solution of the 3a (42.3 mg, 0.1 mmol) in dry MeOH (1 mL) was added
NaBHj4 (8.0 mg, 0.2 mmol) and the reaction mixture stirred at 50 °C for 10 hours in
parallel reactor. After reaction was monitored by TLC, the solvent was evaporated upon
completion, quenched with water, extracted with ethyl acetate and dried over anhydrous
NaySO4. Evaporation of the solvent under reduced pressure and purification of the crude
by a flash column chromatography (eluent: petroleum ether/ethyl acetate = 4/1) to give
the product 15 (42.8 mg, equivalent yield).

Compound 15: a yellow oil. Column chromatography, eluent: petroleum ether/ethyl
acetate, 4/1, Rr=0.18. 42.8 mg, equivalent yield.

TH NMR (500 MHz, Chloroform-d, TMS) 6 7.80-7.78 (m, 2H), 7.36 (d, J = 8.0 Hz,
2H), 7.28-7.26 (m, 3H), 7.23-7.21 (m, 3H), 7.03-7.01 (m, 2H), 6.91-6.90 (m, 2H), 4.65
(dd, J = 8.0, 6.0 Hz, 1H), 4.53-4.48 (m, 1H), 4.44-4.39 (m, 3H), 2.87-2.78 (m, 2H),
2.45 (s, 3H), 1.84 (broad, 1H).

13C NMR (125 MHz, Chloroform-d) § 143.8, 137.1, 134.1, 133.9, 133.7, 133.0, 130.0,
129.3, 128.7, 128.6, 128.3, 127.72, 127.70, 127.0, 68.5, 58.5, 54.6,42.2, 21.7.

HRMS (ESI) m/z: caled for [C2sH2sNO3S+H]" requires: 420.1628, found: 420.1623.
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PhNHNH, (4.0 equiv)

>  TsN
HOAc, N,, 50-100 °C, 24 h

3a, 41.6 mg, 0.1 mmol 16, 29.4 mg, 60% yield

Under nitrogen atmosphere, a flame-dried 15 mL vial charged with a stir bar was
subsequently added phenylhydrazine (43.8 mg, 0.4 mmol) and acetic acid (1 mL). The
mixture was heated to 50 °C before 3a (41.6 mg, 0.1 mmol) was added in one portion.
Then the reaction was stirred at 100 °C for 24 hours in parallel reactor. Upon completion,
the reaction mixture was quenched with NaHCOs and extracted with ethyl acetate and
water. The combined organic layers were washed with saturated aqueous NaCl solution,
dried over Na;SOs, and concentrated under vacuum. The residue was then purified by
a flash column chromatography (eluent: petroleum ether/ethyl acetate = 5/1) to give the
product 16 (29.4 mg, 60% yield).
Compound 16: a yellow solid. Column chromatography, eluent: petroleum ether/ethyl
acetate, 5/1, Rr=0.27. 29.4 mg, 60% yield. m.p. 150-154 °C.
'"H NMR (500 MHz, Chloroform-d) 6 7.78 (s, 1H), 7.62-7.60 (m, 3H), 7.36-7.33 (m,
5H), 7.31 (d, J=8.0 Hz, 2H), 7.27-7.23 (m, 3H), 7.20-7.16 (m, 4H), 7.12-7.09 (m, 1H),
4.54 (t,J=4.0 Hz, 2H), 4.18 (t, J= 4.0 Hz, 2H), 2.46 (s, 3H).
13C NMR (125 MHz, Chloroform-d) 6 143.8, 135.7, 134.4, 134.2, 133.6, 132.8, 130.0,
129.6, 129.0, 128.9, 128.7, 127.79, 127.77, 127.69, 127.0, 126.7, 124.5, 123.4, 120.5,
119.7, 118.2, 111.1, 57.7, 57.5, 21.7.
HRMS (ESI) m/z: caled for [C31H26N202S+H]" requires: 491.1788, found: 491.1787.
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8. Control experiments and isotopic labeling experiments

8.1 Control experiments

TsN :: Sc(OTf)3 (10 mol%)

3 AMS (40 mg) TsN
TFE (0.1 M), 80 °C, N,

0]

1a 3a, 21% yield
Under N; atmosphere, 2,2,2-Trifluoroethanol (TFE) (1 mL, 0.1 M) was added to

a mixture of 1a (41.9 mg, 0.1 mmol), Sc(OTf)s (4.8 mg, 0.01 mmol) and 3 A MS (40
mg). The reaction system was stirred at 80 °C for 10 hours in oil bath and monitored by
TLC. Then the solvent was removed under reduced pressure and the residue was
purified by a silica gel flash column chromatography (eluent: petroleum ether/ethyl

acetate, 8/1) to give the product 3a (8.8 mg, 21% yield) as a yellow solid.

O Sc(OTf)3 (10 mol%)

// H,0 (10 equiv)
TsN | TFE (0.05 M), 80 °C, N,
2a 3a, NR

Under N> atmosphere, 2,2,2-Trifluoroethanol (TFE) (2 mL, 0.05 M) was added to
a mixture of 2a (39.9 mg, 0.1 mmol), Sc(OTf); (5.0 mg, 0.01 mmol) and H>O (18 pL,
1.0 mmol). The reaction system was stirred at 80 °C for 10 hours in oil bath and

monitored by TLC. Unfortunately, we found that no reaction occurred.
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8.2 Isotopic labeling experiments

TsN
Sc(OTf)3 (10 mol%)
O TFE : D,O (10 : 1)
80 °C, N,
1a 3a-d, 30% vyield

Procedure for 3a-d: Under N> atmosphere, 2,2,2-Trifluoroethanol (TFE) (1 mL, 0.1
M) and D20 (0.1 mL) was added to a mixture of 1a (41.9 mg, 0.1 mmol), Sc(OTf); (5.0
mg, 0.01 mmol). The reaction system was stirred at 80 °C for 20 hours in oil bath and
monitored by TLC. Then the solvent was removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/ethyl acetate, 8/1) to give the product 3a-d (12.4 mg, 30% yield) as a yellow solid.

The percentage of deuterium incorporation was measured by 'H NMR.
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TsN
Sc(OTf)3 (10 mol%)

o TFE : D,O (5: 1)
80 °C, N,

1a 3a-d, 24% yield

Procedure for 3a-d: Under N> atmosphere, 2,2,2-Trifluoroethanol (TFE) (1 mL, 0.1
M) and D>O (0.2 mL) was added to a mixture of 1a (41.8 mg, 0.1 mmol), Sc(OTf); (5.1
mg, 0.01 mmol). The reaction system was stirred at 80 °C for 20 hours in oil bath and
monitored by TLC. Then the solvent was removed under reduced pressure and the
residue was purified by a silica gel flash column chromatography (eluent: petroleum
ether/ethyl acetate, 8/1) to give the product 3a-d (9.8 mg, 24% yield) as a yellow solid.

The percentage of deuterium incorporation was measured by 'H NMR.

HX-7-194. 1. fid
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HX-6-140B. 1. fid

H NMR, 500 MHz, CDCl3
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TsN :: Sc(OTf)3 (10 mol%)

H,'80 (10 equiv) TsN
TFE (0.05 M), 80 °C, N,

O

1a 3a-7%0, 60% yield
80 content ca. 83%

Procedure for 3a-'*0: Under N, atmosphere, 2,2,2-Trifluoroethanol (TFE) (2 mL, 0.1
M) was added to a mixture of 1a (41.8 mg, 0.1 mmol), Sc(OTf); (5.1 mg, 0.01 mmol)
and H»'®0 (20 pL, 1.0 mmol). The reaction system was stirred at 80 °C for 10 hours in
oil bath and monitored by TLC. Then the solvent was removed under reduced pressure
and the residue was purified by a silica gel flash column chromatography (eluent:
petroleum ether/ethyl acetate, 8/1) to give the product 3a (25.0 mg, 60% yield) as a
yellow solid, in which the '®O content was ca. 83% (detected by HRMS; calcd for
[C25H2302'®*ONS+H]" requires: 420.1514, found: 420.1511).

HX-7-189B #11 RT: 0.14 AV: 1 SB: 9 1.42-1.66 NL: 4.62E8
T: FTMS + p ESI Full lock ms [200.0000-600.0000]
420.15114
CosH24021BONS

100 -0.59779 ppm

90
80
70
60
50

40

Relative Abundance

30 418.14729 421.15435
Ca5H2403NS

| 0.36446 ppm
20 PP

10

417 418 419 420 421 422
m/z
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9. X-ray crystal data of compound 2x

Crystal Growth Process: The compound 2x was synthesized according to General
Procedure B and then dissolved in dichloromethane to obtain a homogeneous solution.
An appropriate amount of petroleum ether was added, and the solvent evaporation
method was utilized to allow crystal growth at room temperature.

A suitable crystal was selected and put on a Super Nova, Dual, Cu at zero, AtlasS2

diffractometer. The crystal was kept at 170.00(10) K during data collection.

View of a molecule of 7_72 with 50% probability thermal ellipsoids.

CCDC Number 2414218
Identification code 772
Empirical formula C25H21NO2S
Formula weight 399.49
Temperature/K 170.00(10)
Crystal system orthorhombic
Space group P2:2124

a/A 5.18890(10)
b/A 17.9266(5)
c/A 21.5874(6)
o/° 90
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pre
v/°

Volume/A3

Z

Pealeg/cm’
w/mm’!

F(000)

Crystal size/mm?

Radiation

90
90

2008.05(9)

4

1.321

1.596

840.0

0.16 x 0.12 x 0.11

Cu Ko (L= 1.54184)

20 range for data collection/°6.408 to 147.172

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]

Final R indexes [all data]

2<h<6,-22<k<21,-22<1<26
7771

3959 [Rint = 0.0371, Ryigma = 0.0541]
3959/0/263

1.040

R; =0.0457, wR, = 0.1135

R1=10.0508, wR>=0.1194

Largest diff. peak/hole / e A= 0.24/-0.31

Flack parameter

0.003(16)

10. X-ray crystal data of compound 3a

Crystal Growth Process: The compound 3a was synthesized according to General

Procedure C and then dissolved in dichloromethane to obtain a homogeneous solution.

An appropriate amount of petroleum ether was added, and the solvent evaporation

method was utilized to allow crystal growth at room temperature.

A suitable crystal was selected and put on a diffractometer. The crystal was kept at

100.00 K during data collection.
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View of a molecule of 6 148 with 50% probability thermal ellipsoids.

CCDC number
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
p/e

V/°
Volume/A?
V4
Pealeg/cm’
w/mm!
F(000)

Crystal size/mm?

2414219

6 148
C2sH23NOsS
417.50
100.00
monoclinic
P2i/c
13.6274(4)
13.9439(4)
22.4596(7)
90
99.9330(10)
90
4203.8(2)

8

1.319

1.583
1760.0

0.16 x 0.14 x 0.12
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Radiation CuKoa (A =1.54178)

20 range for data collection/® 6.584 to 136.512

Index ranges -16<h<15,-16<k<16,-27<1<27
Reflections collected 62383

Independent reflections 7655 [Rint = 0.0448, Rsigma = 0.0268]
Data/restraints/parameters ~ 7655/0/543

Goodness-of-fit on F? 1.171

Final R indexes [[>=26 (I)] Ri=0.0506, wR>=0.1311

Final R indexes [all data] R1=0.0556, wR, =0.1334

Largest diff. peak/hole / e A= 0.44/-0.55

11. References

[1] X.-Y. Yang, J.-M. Yang, B. Wu, Org. Lett. 2024, 26, 1105.

[2] Z. Fan, S.-F. Ni, J.-Y. Pang, et al. J. Org. Chem. 2022, 87, 3066.

[3] V. K. Vyas, B. M. Bhanage, Tetrahedron: Asymmetry, 2017, 28, 974.

[4] X.-W. Zhang, M.-H. Zhu, H.-X. Zeng, et al. Angew. Chem. Int. Ed. 2021, 60, 27225.
[5] F. Cambeiro, S. L&pez, J. A. Varela, et al. Angew. Chem. Int. Ed. 2014, 53, 5959.

S159



