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General Experimental

All the reactions were performed in an oven-dried Schlenk flask under an argon atmosphere.
Unless otherwise noted, all the reagents and intermediates were obtained commercially and
used without purification. Dichloromethane (CH2Cl>), acetonitrile, ethyl acetate, acetone and
dichloroethane (DCE) were distilled over CaH». THF, toluene, 1,4-dioxane was freshly distilled
over sodium/benzophenone ketyl under dry nitrogen. TMEDA was distilled over KOH.
Column chromatography was performed using silica gel (100-200 Mesh) eluting with hexanes
and ethyl acetate mixture. Flash column chromatography was performed using silica gel (230-
400 Mesh) eluting with hexanes and ethyl acetate mixture. Thin layer chromatography (TLC)
was performed on silica gel GF254 plates. Visualization of spots on TLC plate was
accomplished with UV light (254 nm) and staining over l> chamber or an aqueous alkaline
KMnO;4 solution followed by heating.

Proton and carbon nuclear magnetic resonance spectra (*H NMR, *C NMR and °F NMR)
were recorded on a Bruker Avance 400 (*H NMR, 400 MHz; *3C NMR, 101 MHz; °F NMR,
376 MHz) spectrometer, having solvent resonance as internal standard (*H NMR, CDCl; at
7.26 ppm; 13C NMR, CDCl; at 77.0 ppm). Few cases tetramethylsilane (TMS) at 0.00 ppm was
used as reference standard. All the catalysts used in this reaction were procured directly from
commercial sources. Data for 'H NMR are reported as follows: chemical shift (ppm),
multiplicity (s = singlet; br s = broad singlet; d = doublet; br d = broad doublet, t = triplet; br t
= broad triplet; g = quartet; m = multiplet), coupling constants, J, in (Hz), and integration. Data
for 1*C NMR, °F NMR were reported in terms of chemical shift (ppm). IR spectra were
recorded on FT/IR-5300 spectrometer and reported in cm~. High resolution mass spectra were
obtained in ESI mode. Melting points were determined by electro-thermal heating and are
uncorrected. X-Ray data was collected at 298K on the Bruker APEX-II CCD single crystal
diffractometer.
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The role of Cu(ll) and Zn(Il) salts was investigated (Scheme S1a). At first, Cu(ll) was added
in a mixture of la and 2a and stirred at 110 °C for 2 h until the disappearance of 2a.
Subsequently, the reaction mixture was stirred another 5 h at 110 °C upon addition of Zn(lI)
and 3a was isolated in 49% yield. However, only Cu(OAc)2 (10 mol%) produced 31% of 3a
(entry 7, Table 1). These results further highlight about catalytic synergy of Cu(ll) and Zn(Il)
salts in this protocol. Next, we moved towards deuterium-labelling experiments. When 1a-D
and 2c reacted under the optimized conditions, deuterium incorporation was noticed into the
final product 9; thus confirming the origin of proton (Scheme S1b). In addition, when 1a and
2a reacted upon addition of DO (2 equiv.) under standard conditions, desired product 10 was

isolated in 52% yield with 50% deuterium incorporation (Scheme Sic).

Scheme S1. Control Experiment and Deuterium-Labelling Studies

a) Control experiment
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To highlight the importance of the final product further, structural modifications of 3p were
executed via routine synthetic manipulation, delivering products 11, 12 and 13 in excellent
yields (Scheme S2).

Scheme S2. Chemical Elaboration of 3p
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a) Debenzylation reaction

b) mono- Bromination reaction
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2-Amino arylnitriles (1)

Starting materials (1a-1g) were purchased from commercial sources and used in the reaction.

In addition, other starting substrates (1h-1k) were prepared following literature reports.t

CN H5;C CN Cl CN
1a 1b 1c
NH, | N\ NH, | S "
2
_ Y
O,N CN CN
CN
1f 19 1h
S
| )—NH,
CN
1k

CI\©:NH2
CN

NH»
; CN

Figure S1. Various 2-amino arylnitriles employed in cyclization reaction (1)
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2-Aminothiophene-3-carbonitrile (1h)

Following literature procedure, compound 1h (1.16 g) was obtained in 71% yield as light green
crystalline solid; *H NMR (400 MHz, CDCl3) §6.65 (d, J= 6.0 Hz, 1H), 6.27 (d, J = 5.6 Hz,
1H), 4.76 (brs, 2H); 3 NMR (101 MHz, CDCls) 5§162.6, 125.7, 115.5, 110.4, 88.3; IR (Neat)
vinax 3413, 3331, 2206, 1625, 1527, 1383 cm™2,

2-Amino-4,5-dimethylthiophene-3-carbonitrile (1i)

CN

HsC
| N NHy

Hse™ S
1i

Following literature procedure, compound 1i (1.73 g) was obtained in 82% vyield as brown
solid; *H NMR (400 MHz, CDCls) §4.50 (brs, 2H), 2.08 (s, 3H), 1.99 (s, 3H); 3¢ NMR (101
MHz, CDCI3) 6159.1, 129.6, 117.2, 115.9, 90.7, 12.8, 12.4; IR (Neat) vinax 3418, 2201, 1627,
1526, 1384, 1055 cm™.

2-Amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile (1))

CN

S

1j

Following literature procedure, compound 1j (1.01 g) was obtained in 66% yield as pale yellow
solid; *H NMR (400 MHz, CDCls) 54.61 (brs, 2H), 2.51-2.48 (m, 4H), 1.83—1.76 (m, 4H);
13¢ NMR (101 MHz, CDCls) 6160.0, 132.3, 120.6, 115.5, 88.7, 24.5, 24.1, 23.3, 22.1; IR
(Neat) vinax 3423, 3329, 2921, 2198, 1624, 1521, 1387, 1073 cm_.

2-Amino-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-3-carbonitrile (1k)
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CN

O
S

1k

Following literature procedure, compound 1k (1.2 g) was obtained in 70% yield as pale yellow
solid; *H NMR (400 MHz, CDCls) 64.51 (brs, 2H), 2.63-2.52 (m, 4H), 1.85-1.79 (m, 2H),
1.68-1.61 (m, 4H); 3c NMR (101 MHz, CDCls) §158.0, 136.9, 123.8, 115.9, 91.9, 31.9,

29.4,29.1,28.1, 27.2; IR (Neat) vmax 3437, 2199, 1637, 722 cm™.

General procedure for the synthesis of ynamide-derived buta-1,3-diynes (2) (GP-1):

1. CuCl; (30 mol%), 1 2
R. _SO5,R
Pyridine (2 eq.) N“T2
Na,CO3 (2 eq), | |
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+ —— ~
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Ts, s Ts, Ts Ms Ms
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H;C CH3 Bn Bn
2a 2b 2c
CF, CF, FsC FsC
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Figure S2. Various ynamide-derived buta-1,3-diynes employed in cyclization reaction (2)
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At first, 2°> was synthesized applying literature method from 2’ and Trimethylsilylacetylene
and further subjected compound 2’ in the above reaction conditions to obtain various ynamide-
derived buta-1,3-diynes (2).2®

In an oven-dried Schlenk flask, Cul (20 mol%) and TMEDA (50 mol%) were added
successively in dry acetone (10 mL) under Oz atmosphere at rt. Upon stirring for 15 min at rt,
a solution of 2°” (1eq.) in acetone (10 mL) was slowly added and the mixture was vigorously
stirred under O2 atmosphere until full consumption of the starting material 2> (12 h). After
solvent removal, the crude residue was purified by column chromatography on silica gel to

obtain pure 2a-2k.

N-Benzylmethanesulfonamide (2¢’)*

Ph
2c'

IH NMR (400 MHz, CDCls) §7.31-7.26 (m, 4H), 7.25-7.22 (m, 1H), 4.98 (brs, 1H), 4.23 (d,
J=6.0 Hz, 2H), 2.77 (s, 3H); 3¢ NMR (101 MHz, CDCls) 5136.7, 128.8, 128.0, 127.9, 47.1,
41.0.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-benzyl-4-methylbenzenesulfonamide) (2a)

Following the general procedure of GP-1, compound 2a (630 mg) was obtained in 70% yield
as colorless solid from 3.15 mmol of 2a’’; mp = 153-155 °C; Rf = 0.44 (7:3 hexane/EtOAC);
[Silica, UV and I5]; *H NMR (400 MHz, CDCls) §7.67 (d, J = 8.4 Hz, 4H), 7.29-7.22 (m,
14H), 4.52 (s, 4H), 2.44 (s, 6H); 3¢ NMR (125 MHz, CDCls) 5144.9, 134.7, 134.1, 129.8,
128.6, 128.5,128.3, 127.6, 75.9, 60.0, 55.8, 21.6; IR (Neat) vmax 3385, 2200, 1621, 1382, 1163,
1079, 707 cmt; HRMS (ESI) for Ca2H20N204S; (M+H)*: calcd 569.1569, found 569.1557.

N,N*-(Buta-1,3-diyne-1,4-diyl)bis(N,4-dimethylbenzenesulfonamide) (2b)
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Following the general procedure of GP-1, compound 2b (750 mg) was obtained in 58% vyield
as pale yellow solid from 6.22 mmol of 2b*’; mp = 120-122 °C; Rt = 0.37 (7:3 hexane/EtOAC);
[Silica, UV and I2]; *H NMR (400 MHz, CDCls) §7.79 (d, J = 8.4 Hz, 4H), 7.38 (d, J = 8.0
Hz, 4H), 3.11 (s, 6H), 2.47 (s, 6H); 3 NMR (101 MHz, CDCls) 5145.2, 133.4, 130.0, 127.7,
57.7, 39.1, 21.7; IR (Neat) vmax 3390, 2170, 1370, 1168, 1086, 943, 680 cm~; HRMS (ESI)
for C20H21N204S, (M+H)*: calcd 417.0943, found 417.0935.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-benzylmethanesulfonamide) (2c)

Ms\ Ms
/N%N

B B
n 2¢ n

Following the general procedure of GP-1, compound 2c (980 mg) was obtained in 77% vyield
as colorless solid from 6.0 mmol of 2¢”’; mp = 136-138 °C; Rf = 0.22 (7:3 hexane/EtOAC);
[Silica, UV and I2]; *H NMR (400 MHz, CDCls) §7.41-7.36 (m, 10H), 4.65 (s, 4H), 2.88 (s,
6H); 3¢ NMR (101 MHz, CDCls) 6134.1, 128.9, 128.8, 128.7, 75.7, 60.1, 56.1, 39.8; IR
(Neat) vimax 3385, 1379, 1159, 1069, 771 cm~; HRMS (ESI) for C2oH21N204S; (M+H)*: calcd
417.0943, found 417.0936.

N,N'-(buta-1,3-diyne-1,4-diyl)bis(N-benzyl-4-(trifluoromethyl)benzenesulfonamide) (2d)

Bn, Bn
N——=N
0,S SO,

2d CF3F3C

Following the general procedure of GP-1, compound 2d (1.3 mg) was obtained in 82% vyield
as pale yellow solid from 4.71 mmol of 2d”’; mp = 115-117 °C; Rf= 0.36 (9:1 hexane/EtOAC);
[Silica, UV and I2]; 'H NMR (500 MHz, CDCls) §7.85 (d, J = 6.8 Hz, 4H), 7.71 (d, J = 6.8
Hz, 4H), 7.32-7.27 (m, 6H), 7.21 (d, J = 5.6 Hz, 4H), 4.61 (s, 4H); 3C NMR (125 MHz,
CDCl3) 6141.1, 135.5, 135.2, 133.5, 128.8, 128.7, 128.6, 128.1, 126.3 (q, J = 3.0 Hz, 1C),
124.1, 121.9, 75.7, 60.0, 56.4; *F NMR (376 MHz, CDCls) §—63.3; IR (Neat) vimax 3416,
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1629, 1372, 1323, 1169, 758 cm~; HRMS (ESI) for Cs2H23FeN204S2 (M+H)*: calcd 677.1003,
found 677.1007.

N,N*-(Buta-1,3-diyne-1,4-diyl)bis(N-benzylbenzenesulfonamide) (2e)

PhOZS\ /SOZPh
/N%N\
Bn 2 Bn

Following the general procedure of GP-1, compound 2e (470 mg) was obtained in 59% vyield
as colorless solid from 2.94 mmol of 2e’’; mp = 140-142 °C; R = 0.37 (7:3 hexane/EtOAC);
[Silica, UV and I2]; 'H NMR (400 MHz, CDCls) §7.78 (d, J = 8.4 Hz, 4H), 7.63 (t, J = 7.6
Hz, 2H), 7.49 (t, J = 7.6 Hz, 4H), 7.29-7.21 (m, 10H), 4.55 (s, 4H); 3C NMR (125 MHz,
CDCl3) 6137.7, 133.9, 133.8, 129.2, 128.6, 128.4, 127.5, 75.8, 60.0, 55.9; IR (Neat) vimax
3393, 2166, 1375, 1167, 1083, 765 cm™t; HRMS (ESI) for CsoH2sN204S, (M+H)*: calcd
541.1256, found 541.1252.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-benzyl-3-(trifluoromethyl)benzenesulfonamide) (2f)

Bn\ /Bn

/N%N\
0,S SO,
F3C 2f CF;
Following the general procedure of GP-1, compound 2f (620 mg) was obtained in 78% vyield
as pale yellow solid from 2.35 mmol of 2f*’; mp = 90-92 °C; R = 0.62 (7:3 hexane/EtOAC);
[Silica, UV and I2]; *H NMR (400 MHz, CDCls) §7.74 (brs, 4H), 7.65 (d, J = 8.0 Hz, 2H),
7.43 (t, J = 8.0 Hz, 2H), 7.11-7.03 (m, 10H), 4.44 (s, 4H); *C NMR (101 MHz, CDCls)
5138.8,133.4,131.6 (q, J=34.3 Hz, 1C), 130.7, 130.3 (2C), 129.9, 128.7, 128.6, 128.5, 124.6,
124.5, 124.2, 121.5, 75.7, 59.9, 56.5; F NMR (376 MHz, CDCls) §—62.8; IR (Neat) vimax

3385, 1381, 1323, 1158, 1051 cmt: HRMS (ESI) for CsoH23FsN204S2 (M+H)™: calcd
677.1003, found 677.1002.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-benzyl-4-(tert-butyl)benzenesulfonamide) (29)
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Following the general procedure of GP-1, compound 2g (730 mg) was obtained in 73% yield
as colorless solid from 3.05 mmol of 2g°’; mp = 131-133 °C; Rt = 0.64 (7:3 hexane/EtOAC);
[Silica, UV and I2]; *H NMR (400 MHz, CDCls) §7.72 (d, J = 8.4 Hz, 4H), 7.48 (d, J = 8.8
Hz, 4H), 7.27-7.20 (m, 10H), 4.54 (s, 4H), 1.35 (s, 18H); 3C NMR (125 MHz, CDCl5)
0157.7, 134.8, 134.0, 128.6, 128.5, 128.4, 128.3, 127.9, 127.8, 127.4, 127.0, 126.2, 126.1,
76.0, 60.0, 55.9, 35.2, 31.0; IR (Neat) vmax 3392, 2962, 2167, 1368, 1170, 1084, 769 cm™;
HRMS (ESI) for CasHa1N204S; (M+H)*: calcd 653.2508, found 653.2498.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-benzyl-4-nitrobenzenesulfonamide) (2h)

O,N

5 o

0,S
——— N\

Bn Bn
2h

(0]
\Z/O
N

Following the general procedure of GP-1, compound 2h (615 mg) was obtained in 51% vyield
as yellow solid from 3.8 mmol of 2h”’; mp = 154-155 °C; Rs = 0.55 (7:3 hexane/EtOAcC);
[Silica, UV and I,]; *H NMR (400 MHz, CDCl3) 68.27 (d, J = 9.2 Hz, 4H), 7.88 (d, J=9.2
Hz, 4H), 7.35-7.22 (m, 10H), 4.64 (s, 4H); 3 NMR (101 MHz, CDCls) §150.6, 142.9, 133.3,
128.9,128.8 (2C), 128.7, 124.3,75.7,60.1, 56.7; IR (Neat) vmax 3389, 1530, 1380, 1169, 1069,
763, 605 cm~t; HRMS (ESI) for C30H23N40sS, (M+H)*: calcd 631.0957, found 631.0940.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(4-bromo-N-methylbenzenesulfonamide) (2i)
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Following the general procedure of GP-1, compound 2i (720 mg) was obtained in 60% yield
as colorless solid from 4.37 mmol of 2i>’; mp = 131-133 °C; Rt = 0.48 (7:3 hexane/EtOAC);
[Silica, UV and 12]; H NMR (400 MHz, CDCls) §7.78-7.73 (m, 8H), 3.14 (s, 6H); 3C NMR
(101 MHz, CDCl3) 6135.3, 132.7, 129.4, 129.1, 76.3, 57.8, 39.2; IR (Neat) vmax 3388, 1382,
1152, 1073, 746 cm™; HRMS (ESI) for C1gH15Br2N204S, (M+H)*: calcd 544.8840, found
544.8833.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-benzyl-4-bromobenzenesulfonamide) (2j)

Following the general procedure of GP-1, compound 2j (560 mg) was obtained in 70% vyield
as colorless solid from 2.3 mmol of 2j°°; mp = 150-152 °C; Rf = 0.6 (7:3 hexane/EtOAC);
[Silica, UV and 12]; *H NMR (400 MHz, CDCls) §7.60 (s, 8H), 7.33—7.28 (m, 6H), 7.27-7.22
(m, 4H), 4.57 (s, 4H); 3c NMR (101 MHz, CDCls) §136.6, 133.8, 132.5, 129.2, 129.1, 128.7,
128.6, 128.5, 75.8, 60.1, 56.2; IR (Neat) vmax 3381, 1380, 1166, 1072, 746, 603 cm~*; HRMS
(ESI) for C3oH23Br2N204S2 (M+H)™: calcd 696.9466, found 696.9457.

N,N'-(Buta-1,3-diyne-1,4-diyl)bis(N-allylmethanesulfonamide) (2k)

fe ot

Ms/ 2k Ms

Following the general procedure of GP-1, compound 2k (273 mg) was obtained in 69% yield
as colorless solid from 2.5 mmol of 2k’’; mp =87-89 °C; Rr= 0.45 (3:2 hexane/EtOAc); [Silica,
UV and I2]; *H NMR (400 MHz, CDCls) §5.97-5.87 (m, 2H), 5.38 (dt, J= 1.2, 6.0 Hz, 4H),
4.12 (s, 2H), 4.10 (s, 2H), 3.12 (s, 6H); 3C NMR (101 MHz, CDCls) §130.4, 121.0, 75.1,
59.7,54.5, 39.8; IR (Neat) vmax 3414, 2927, 2168, 1639, 1357, 1163, 771 cm.

Synthesis of N-Benzyl-4-methyl-N-(phenylbuta-1,3-diyn-1-yl)benzenesulfonamide (5)
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CuSO,5H,0 (10 mol%)

Bn, 1,10-phenanthroline (20 mol%) Bn
/NH + Br—=———=——Ph ' /\N%Ph
Ts K2CO3 (3 equiv.) Ts
S1a S2a Toluene, 80 °C 5
8h

To a mixture of Sla (210 mg, 0.80 mmol), CuSO4-5H>0 (20 mg, 0.080 mmol), 1,10-
phenanthroline (29 mg, 0.16 mmol) and K.COs (333 mg, 2.4 mmol) in a Schlenck tube under
the argon atmosphere, 5.0 mL of anhydrous toluene was added at room temperature. Upon
stirring for 2 minutes, (bromobuta-1,3-diyn-1-yl)benzene S2a (197 mg, 0.96 mmol) was
subsequently introduced into the Schlenck tube. The reaction mixture was heated at 80 °C
under the argon atmosphere. Progress of the reaction was monitored periodically by TLC. Upon
full consumption of Sla, the reaction mixture was cooled to room temperature and diluted with
CHxCIl> (10 mL). The crude mixture was filtered through a small pad of Celite and
concentrated. The crude residue was purified using column chromatography on silica gel to

provide 5.

Compound 5 (220 mg) was obtained in 71% yield as pale yellow solid; mp = 65-67 °C; R =
0.57 (9:1 hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCls) §7.66 (d, J = 8.0
Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.24-7.16 (m, 10H), 4.48 (s, 2H), 2.35 (s, 3H); 1*c NMR
(101 MHz, CDCl3) §145.1, 134.7, 134.0, 132.4, 129.9, 129.0, 128.7 (2C), 128.5, 128.4, 127.7,
122.0, 81.3, 74.3, 73.5, 58.8, 55.7, 21.7; IR (Neat) vmax 3436, 2089, 1637, 1050, 771,
cm~; HRMS (ESI) for C24H20NO,S (M+H)*: calcd 386.1215, found 386.1216.

Synthesis of 1a-D

2-amino benzonitrile 1a (0.84 mmol) was dissolved in 1 mL of CD3OD under argon
atmosphere and stirred for 12 h at room temperature. Next, the reaction mixture was

concentrated under reduced pressure to afford 1a-D in quantitative yield.

~50%

CN

1a-D

IH NMR (400 MHz, CDCl3) §7.31 (dd, J = 2.0, 6.8 Hz, 1H), 7.25 (t, J = 8.0 Hz, 1H),
6.68-6.64 (m, 2H), 4.31 (brs, 1H).
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General procedure for cyclization reaction (GP-2):

R? R!

N R2
R NH, | l Cu(OAc), 10mol% R N. N
(:E + Zn(OTf), 10 mol% ~ R
CN | l 1,4-dioxane, 110 °C &
1 7h HN /
_pl
R2N“R1 3 2N R
2 R

In an oven-dried 15 mL Schlenk flask, 1 (0.15 mmol), 2 (0.14 mmol), Cu(OAc)2 (0.014 mmol),
and Zn(OTf). (0.014 mmol) were taken and anhydrous 1,4-dioxane (2 mL) was added into the
reaction mixture under argon atmosphere. Subsequently, the Schlenk flask was placed in oil
bath at 110 °C with stirring. The progress of the reaction was routinely monitored by TLC.
Upon full conversion of starting material 2, the reaction mixture was cooled to room
temperature, diluted with dichloromethane (10 mL), and filtered through a small pad of Celite.
The filtrate was concentrated under reduced pressure and the crude residue was purified
through silica gel column chromatography to obtain 3.

N,N*-(1H-Pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzyl-4-methylbenzenesulfonamide)
(3a)

3a /

Following the general procedure of GP-2, compound 3a (65 mg) was obtained in 68% yield as
pale yellow solid; mp = 143-145 °C; Rs = 0.42 (4:1 hexane/EtOAc); [Silica, UV and 1;]; *H
NMR (500 MHz, CDCls) §9.57 (s, 1H), 7.78 (d, J = 6.8 Hz, 2H), 7.61 (d, J = 6.4 Hz, 2H),
7.56 (d, J= 6.8 Hz, 2H), 7.52 (dt, J= 1.2, 5.6 Hz, 1H), 7.35-7.31 (m, 4H), 7.30—7.24 (m, 3H),
7.23-7.15 (m, 5H), 7.05-7.03 (m, 3H), 6.44 (d, J=2.4 Hz, 1H), 4.90 (s, 2H), 4.65 (s, 2H), 2.46
(s, 3H), 2.42 (s, 3H); 13 NMR (125 MHz, CDCls) 5146.9, 144.5, 143.5, 142.7, 136.6, 135.2,
135.0, 134.5, 133.1, 132.8, 129.8, 129.7, 129.3, 128.8, 128.6, 128.5, 128.4, 128.3 (2C), 128.1,
127.9, 127.8, 127.6, 127.1, 126.7, 125.9, 119.8, 119.7, 116.5, 99.1, 54.8, 52.7, 21.6, 21.5; IR
(Neat) vinax 3377, 1384, 1156, 1069 cm™; HRMS (ESI) for CagH3sN404S2 (M+H)*: calcd
687.2100, found 687.2092.
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N,N'-(1H-Pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N,4-dimethylbenzenesulfonamide) (3b)

3b /N—CH3
Ts

Following the general procedure of GP-2, compound 3b (45 mg) was obtained in 60% yield as
colorless solid; mp=170-172 °C; R¢= 0.32 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR
(400 MHz, CDCls) 59.88 (s, 1H), 8.00—7.98 (m, 1H), 7.80—7.78 (m, 1H), 7.52 (d, J= 8.0 Hz,
2H), 7.50-7.47 (m, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.19-7.16 (m, 4H), 6.24 (d, J= 2.4 Hz, 1H),
3.17 (s, 6H), 2.35 (s, 3H), 2.35 (s, 3H); 3¢ NMR (101 MHz, CDCls) 5148.3, 144.8, 143.6,
142.7,135.6,134.4,133.8, 131.4,129.8,129.4,129.2, 128.6, 127.7, 126.9, 126.1, 119.6, 118.2,
116.5, 94.9, 37.4, 36.9, 21.6, 21.5; IR (Neat) vmax 3371, 1384, 1352, 1160, 1078 cm™*; HRMS
(ESI) for C27H27N404S2 (M+H)*: calcd 535.1474, found 535.1464.

N,N*-(8-methyl-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N,4-
dimethylbenzenesulfonamide) (3c)

N-CHg

3
¢ Ts

Following the general procedure of GP-2, compound 3c (50 mg) was obtained in 65% yield as
pale yellow solid; mp = 80-82 °C; Rf=0.51 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR
(500 MHz, CDCl3) §9.89 (s, 1H), 7.84 (s, 1H), 7.74 (d, J = 6.8 Hz, 1H), 7.58 (d, J = 6.4 Hz,
2H), 7.48 (d, J = 6.8 Hz, 2H), 7.38 (d, J = 6.8 Hz, 1H), 7.25-7.22 (m, 4H), 6.28 (d, J= 2.0 Hz,
1H), 3.24 (s, 3H), 3.23 (s, 3H), 2.57 (s, 3H), 2.42 (s, 3H), 2.40 (s, 3H); 3C NMR (125 MHz,
CDCls) 6147.6, 144.8, 143.6, 141.1, 136.2, 135.5, 134.2, 133.9, 131.5, 129.9, 129.2, 129.0,
128.6,127.7,118.9, 118.3, 116.4, 94.7, 37.4, 37.0, 21.7, 21.6 (2C); IR (Neat) vinax 3367, 1384,
1355, 1160, 1081 cm; HRMS (ESI) for C2sH29N404S, (M+H)*: calcd 549.1630, found
549.1601.
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N,N’-(8-Methyl-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzyl-4-
methylbenzenesulfonamide) (3d)

3d /N_Bn

Following the general procedure of GP-2, compound 3d (61 mg) was obtained in 62% yield as
pale yellow solid; mp = 150-152 °C; Rs = 0.41 (4:1 hexane/EtOAc); [Silica, UV and I;]; *H
NMR (400 MHz, CDCl3) 59.36 (s, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.66 (s, 1H), 7.60 (d, J =
8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.33 (dd, J = 1.6, 8.4 Hz, 1H), 7.32-7.28 (m, 4H), 7.24
(d,J = 8.0 Hz, 2H), 7.21-7.17 (m, 5H), 7.05-7.02 (m, 3H), 6.40 (d, J = 2.0 Hz, 1H), 4.88 (s,
2H), 4.64 (s, 2H), 2.49 (s, 3H), 2.46 (s, 3H), 2.43 (s, 3H); *C NMR (101 MHz, CDCls) 5146.2,
144.6,143.5,141.1, 136.7, 136.1, 135.3, 135.1, 134.1, 133.1, 132.8, 129.9, 129.3, 129.1, 128.9,
128.8,128.5,128.4,128.2,127.9,127.8,127.1, 119.8, 119.1, 116.5, 98.9, 54.8, 52.8, 21.7, 21.6
(2C); IR (Neat) vmax 3366, 1383, 1354, 1161, 1088 cm~; HRMS (ESI) for CaoHz7N4O4S2
(M+H)*: calcd 701.2256, found 701.2249.

N,N’-(8-Chloro-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N,4-
dimethylbenzenesulfonamide) (3e)

Cl

3e /N—CH3
Ts

Following the general procedure of GP-2, compound 3e (42 mg) was obtained in 53% yield as
colorless solid; mp = 214-216 °C; Rt = 0.66 (4:1 hexane/EtOAc); [Silica, UV and I2]; 'H NMR
(500 MHz, CDCl3) 510.0 (s, 1H), 7.93 (s, 1H), 7.67 (d, J = 6.8 Hz, 1H), 7.49—7.45 (m, 4H),
737 (d, J=7.2 Hz, 1H), 7.21-7.16 (m, 4H), 6.27 (d, J = 1.6 Hz, 1H), 3.18 (s, 3H), 3.16 (s,
3H), 2.35 (s, 3H), 2.34 (s, 3H); 3C NMR (125 MHz, CDCls) 5148.4, 144.9, 143.7, 140.9,
136.1, 133.6,133.4,131.7,131.5,130.8, 129.9, 129.2, 128.5, 127.7, 127.5, 118.9, 118.7, 117.1,
95.2, 37.5, 36.9, 21.6, 21.5; IR (Neat) vmax 3358, 1377, 1352, 1161, 1082 cm~*; HRMS (ESI)
for C27H26CIN404S2 (M+H)*: calcd 569.1084, found 569.1074.
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N,N*-(8-Chloro-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzyl-4-
methylbenzenesulfonamide) (3f)

Cl

3f /N—Bn
Ts

Following the general procedure of GP-2, compound 3f (68 mg) was obtained in 67% yield as
colorless solid; mp=190-192 °C; Rt = 0.84 (4:1 hexane/EtOAc); [Silica, UV and I2]; 'H NMR
(500 MHz, CDCls) 59.46 (s, 1H), 7.86 (d, J=2.4 Hz, 1H), 7.74 (d, J= 8.8 Hz, 1H), 7.57 (dd,
J=1.6,6.4 Hz, 2H), 7.54 (dd, J= 1.6, 6.4 Hz, 2H), 7.42 (dd, J = 2.4, 9.2 Hz, 1H), 7.32-7.29
(m, 4H), 7.25 (d, J = 8.0 Hz, 2H), 7.22-7.19 (m, 3H), 7.18-7.15 (m, 2H), 7.06-7.02 (m, 3H),
6.43 (d, J= 2.0 Hz, 1H), 4.88 (s, 2H), 4.65 (s, 2H), 2.47 (s, 3H), 2.44 (s, 3H); 3C NMR (101
MHz, CDCl3) 6147.2, 144.6, 143.6, 141.0, 136.5, 135.1, 135.0, 133.5, 133.2, 131.7, 130.8,
129.9,129.4, 128.8, 128.5, 128.4, 128.2, 128.0, 127.9, 127.5, 127.2, 120.3, 119.5, 117.4, 99.3,
54.9, 52.8, 21.7, 21.6; IR (Neat) wmax 3370,, 1384, 1160, 1080 cm; HRMS (ESI) for
C39H34CIN4O4S2 (M+H)*: calcd 721.1710, found 721.1703.

N,N’-(7-Chloro-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzylmethanesulfonamide)
(39) + N-Methylmethanesulfonamide (2¢’)

cl N. _N.__CHs;

/ + MsNHBnN

HN 2¢"

39 /N—Bn
H;C—-SO,
(2:1.1)

Following the general procedure of GP-2, an inseparable mixture of compound 3g (36 mg) and
2¢’ (6 mg) was obtained in 45% and 11% vyields as pale yellow solid; mp =75-76 °C; R=0.41
(4:1 hexane/EtOAC); [Silica, UV and I,]; *H NMR (400 MHz, CDCls3) §9.74 (s, 1H), 7.96 (s,
1H), 7.59 (d, J = 8.4 Hz, 1H), 7.39-7.31 (m, 4H), 7.27-7.24 (m, 7H), 7.12 (t, J = 3.6 Hz, 3H),
6.55 (d, J = 2.0 Hz, 1H), 5.08 (s, 2H), 4.82 (s, 2H), 4.79 (s, 0.5H), 4.32 (d, J = 6.4 Hz, 1.1H),
3.20 (s, 3H), 2.96 (s, 3H), 2.87 (s, 1.7H); 3¢ NMR (125 MHz, CDCls) 5148.1, 143.4, 136.7,
136.1, 135.0, 134.8, 133.0, 132.8, 128.9, 128.7 (2C), 128.6, 128.4, 128.3, 128.2, 128.1, 127.9,
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127.7,127.0,121.1, 119.2, 115.0, 98.4, 55.1, 53.9, 47.2, 41.1, 38.1, 37.4; IR (Neat) vinax 3403,
2926, 1631, 1340, 1153, 1065, 762 cmt; HRMS (ESI) for C27H26CIN4O4S2 (M+H)*: calcd
569.1084, found 569.1106.

N,N*-(9-Fluoro-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzylmethanesulfonamide)
(3h)

FHN/
N—Bn

3h .c-s0,

Following the general procedure of GP-2, compound 3h (85 mg) was obtained in 80% yield in
presence of 4 A MS (20 mg) in THF at 100 °C for 4 h as pale yellow solid. Cu(OAc). (0.028
mmol, 5.0 mg) was used; 0.19 mmol of 2¢ (80 mg) was used for this reaction; mp = 90-92 °C;
R = 0.50 (4:1 hexane/EtOAC); [Silica, UV and I;]; *H NMR (500 MHz, CDCls) §9.60 (s,
1H), 7.83 (d, J = 6.8 Hz, 1H), 7.49 (q, J = 6.4 Hz, 1H), 7.31-7.24 (m, 7H), 7.11 (dd, J = 1.6,
6.4 Hz, 1H), 7.11 (t, J = 2.4 Hz, 3H), 6.54 (d, J = 1.6 Hz, 1H), 5.11 (s, 2H), 4.84 (s, 2H), 3.20
(s, 3H), 2.94 (s, 3H); 3¢ NMR (125 MHz, CDCls) §157.1 (d, J = 200 Hz, 1C), 148.1, 144.3,
136.2, 135.1, 133.4, 131.8, 128.8, 128.7, 128.6, 128.5, 128.3, 128.2, 127.7, 126.4 (d, J= 7.1
Hz, 1C), 125.0 (d, /= 3.5 Hz, 1C), 119.3, 110.6 (d, /= 15.1.0 Hz, 1C), 97.0, 54.8, 53.9, 38.2,
37.4; ¥F NMR (376 MHz, CDClI3) 6-118.6; IR (Neat) vinax 3412, 2925, 1638, 1344, 1153,
1065, 759 cm~t; HRMS (ESI) for C27HasFN4O4S, (M+H)*: caled 553.1379, found 553.1391.

N,N'-(9-fluoro-1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzyl-4-
(trifluoromethyl)benzenesulfonamide) (3i)
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Following the general procedure of GP-2, compound 3i (86 mg) was obtained in 72% yield as
pale yellow solid from 0.14 mmol of 2d in presence of 4 A MS (20 mg) in THF at 100 °C for
4 h. Cu(OAc)2 (0.02 mmol, 4.0 mg) was used; mp = 130-132 °C; Rf=0.44 (9:1 hexane/EtOAC);
[Silica, UV and I2]; *H NMR (400 MHz, CDCls) §9.54 (s, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.77
(brs, 4H), 7.74 (d,J= 8.4 Hz, 2H), 7.64 (d, J= 8.4 Hz, 1H), 7.74 (q, J = 8.4 Hz, 1H), 7.29-7.25
(m, 2H), 7.24-7.22 (m, 4H), 7.18 (dd, J = 1.6, 7.6 Hz, 2H), 7.10-7.03 (m, 3H), 6.42 (d, J= 2.0
Hz, 1H), 4.90 (s, 2H), 4.70 (s, 2H); 13C NMR (125 MHz, CDCls) §157.3 (d, J =200 Hz, 1C),
147.4,144.2,141.6,139.8, 135.7,135.0(q,/=27.3 Hz, 1C), 134.4, 132.8, 131.6, 128.8, 128.7,
128.5, 128.4, 128.3, 128.2, 127.5, 126.6 (d, /= 8.1 Hz, 1C), 126.4, 125.8 (d, /= 2.0 Hz, 1C),
124.9,124.3 (d,J=16.1 Hz, 1C), 122.2 (d,J=16.2 Hz, 1C), 119.8, 110.7 (d, /= 15.1 Hz, 1C),
1075 (d, J = 12.1 Hz, 1C), 98.8, 55.2, 53.2; ¥F NMR (376 MHz, CDCls) 5-63.0,
—63.1, —118.4; IR (Neat) vinax 3422, 1635, 1063, 771 cm; HRMS (ESI) for CasH28F7N404S;
(M+H)*: calcd 813.1440, found 813.1436.

N,N'-(1H-Pyrrolo[2,3-d]thieno[2,3-blpyridine-2,4-diy)bis(N-
benzylmethanesulfonamide) (31)

I?n
N _N.
S N[ S0,CHs
>
HN—/
3l /N—Bn
HyCO,S

In this reaction, 0.19 mmol of 2¢, 0.21 mmol of 1h, Cu(OAc)2 (0.019 nnmol), and Zn(OTf).
(0.019 mmol) were was used in THF (2 mL) at 90 °C for 7 h in presence of 4 A MS (20 mg).
The compound 3l (50 mg) was obtained in 48% yield as brown solid; mp = 186-188 °C; R =
0.48 (3:2 hexane/EtOAc); [Silica, UV and I2]; *H NMR (400 MHz, CDCIs) 69.21 (s, 1H),
7.37 (d, J= 6.0 Hz, 1H), 7.26-7.23 (m, 7H), 7.11 (d, J= 6.0 Hz, 1H), 7.11 (t, J = 2.4 Hz, 3H),
6.48 (t, J= 2.4 Hz, 1H), 5.04 (s, 2H), 4.80 (s, 2H), 3.16 (s, 3H), 2.91 (s, 3H); 3¢ NMR (101
MHz, CDCls) 6153.6, 143.7, 136.3, 135.1, 134.2, 132.9, 128.7 (2C), 128.6, 128.3, 128.2,
127.6,125.9,119.9,117.9,117.1,97.0,54.9,54.2, 37.7, 37.1; IR (Neat) vinax 3400, 1384, 1060,
771 cm™t; HRMS (ESI) for C2sH2sN404S3 (M+H)*: calcd 541.1038, found 541.1044.

N,N*-(7,8-Dimethyl-1H-pyrrolo[2,3-d]thieno[2,3-b]pyridine-2,4-diyl)bis(N-
benzylmethanesulfonamide) (3m)
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IT%n
N._ N
S~ ~S0,CH;
H3C \ |
HC  HN—4
H3CO,S

In this reaction, 0.24 mmol of 2c, 0.26 mmol of 1i, Cu(OAc)2 (0.024 nnmol), and Zn(OTf).
(0.024 mmol) were used in THF (2 mL) at 90 °C for 7 h. 3m (27 mg) was obtained in 20%
yield as pale yellow solid; mp = 130-132 °C; Rt = 0.6 (3:2 hexane/EtOAc); [Silica, UV and I2];
IH NMR (400 MHz, CDCls) §9.02 (s, 1H), 7.29-7.22 (m, 7H), 7.09 (t, J = 3.2 Hz, 3H), 6.35
(d, J=2.4 Hz, 1H), 5.01 (s, 2H), 4.80 (s, 2H), 3.14 (s, 3H), 2.91 (s, 3H), 2.45 (s, 3H), 2.35 (s,
3H); 3¢ NMR (125 MHz, CDCIs) 6150.9, 142.4, 136.4, 135.2, 134.0, 133.2, 133.1, 128.7
(2C), 128.6, 128.3, 128.1, 127.5, 123.1, 120.6, 119.5, 95.9, 54.6, 54.2, 37.5, 37.4, 13.5, 13.2;
IR (Neat) vinax 3400, 2923, 1383, 1153, 770 cm; HRMS (ESI) for C27H29N404Ss (M+H)*:
calcd 569.1351, found 569.1377.

N,N'-(7,8,9,10-tetrahydro-1H-benzo[4,5]thieno[2,3-b]pyrrolo[2,3-d]pyridine-2.4-
diy)bis(N-benzylmethanesulfonamide) (3n)

I?n
N _N.
S N s0CH
\ A
HN—Z
3n /N—Bn
HsCO,S

In this reaction, 0.36 mmol of 2c, 0.4 mmol of 1j, Cu(OAc). (0.036 nnmol), Zn(OTf), (0.036
mmol), and 4 A MS (20 mg) were used in 1,4-dioxane (2.5 mL). The desired product 3n (43
mg) was obtained in 30% vyield.

Brown semi-solid; R = 0.29 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR (400 MHz,
CDCls) §8.91 (s, 1H), 7.27 (br s, 5H), 7.24—7.22 (m, 2H), 7.09 (t, J = 2.8 Hz, 3H), 6.41 (d, J
=2.0 Hz, 1H), 5.01 (s, 2H), 4.80 (s, 2H), 3.14 (s, 3H), 2.90 (s, 3H), 2.79 (brs, 4H), 1.90 (t, J =
2.4 Hz, 4H); 3¢ NMR (101 MHz, CDCls) 6151.6, 142.3, 136.5, 136.4, 135.2, 133.9, 133.1,
128.8, 128.7, 128.6128.3, 128.1, 127.5, 120.5, 118.2, 95.7, 54.5, 54.2, 37.5, 37.2, 25.6, 25.1,
23.0, 22.3; IR (Neat) vmax 3406, 2925, 1628, 1342, 1153, 1059, 771 cm~t; HRMS (ESI) for
C29H31N404S3 (M+H)™: calcd 595.1507, found 595.1511.
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N.N'-(1H-Pyrrolo]3,2-c]lquinoline-2.4-diylbis(N-benzylmethanesulfonamide) (3p)

?n

N.
Xy “S0,CH,
=

N

/

N—Bn
H3CO,S 3p

HN

Following the general procedure of GP-2, compound 3p (67 mg) was obtained in 90% yield as
pale yellow solid; mp = 185-187 °C; Rs = 0.37 (7:3 hexane/EtOAc); [Silica, UV and I,]; *H
NMR (400 MHz, CDCls) §9.43 (s, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.79 (dd, J= 0.8, 8.0 Hz,
1H), 7.55 (dt, J= 1.2, 8.0 Hz, 1H), 7.46 (dt, J= 1.2, 7.6 Hz, 1H), 7.30-7.24 (m, 7H), 7.13-7.11
(m, 3H), 6.52 (d, J = 2.4 Hz, 1H), 5.11 (s, 2H), 4.82 (s, 2H), 3.20 (s, 3H), 2.93 (s, 3H); 13C
NMR (125 MHz, CDCls3) 6147.1, 143.0, 136.4, 135.2, 135.0, 132.8, 130.0, 129.5, 128.7 (3C),
128.6, 128.3, 128.2. 127.6, 127.2, 126.4, 119.9, 119.1, 116.6, 98.1, 55.0, 53.9, 38.1, 37.2; IR
(Neat) vinax 3384, 1374, 1339, 1153, 1061 cm; HRMS (ESI) for C27H27N404S, (M+H)*: calcd
535.1474, found 535.1469.

N,N'-(1H-Pyrrolo[3,2-c]lguinoline-2.4-diyDbis(N-benzylbenzenesulfonamide) (3q)

3q

PhO,S

Following the general procedure of GP-2, compound 3q (63 mg) was obtained in 68% yield as
colorless solid; mp = 132-134 °C; Rf= 0.51 (4:1 hexane/EtOAc); [Silica, UV and I2]; 'H NMR
(400 MHz, CDCls) §9.35 (s, 1H), 7.83 (dd, J = 1.2, 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H),
7.74-7.65 (m, 3H), 7.58 (t, J = 7.6 Hz, 1H), 7.53-7.44 (m, 7H), 7.33-7.27 (m, 2H), 7.23-7.17
(m, 5H), 7.10-7.01 (m, 2H), 6.41 (d, J= 2.0 Hz, 1H), 4.92 (s, 2H), 4.67 (s, 2H); 3¢ NMR (101
MHz, CDCls) 6146.8, 142.8, 138.2, 136.5, 136.0, 134.9, 134.4, 133.6, 132.8, 132.7, 129.2,
128.8,128.7, 128.5, 128.3, 128.2, 128.1, 128.0, 127.8, 127.1, 126.9, 126.1, 119.7, 116.5, 99.0,
54.8, 52.9; IR (Neat) vmax 3358, 1352, 1164, 1089 cm!; HRMS (ESI) for C37H31N4O4S;
(M+H)™: calcd 659.1787, found 659.1778.
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N,N'-(1H-Pyrrolo[3,2-clquinoline-2,4-diyDbis(N-benzyl-3-
(trifluoromethyl)benzenesulfonamide) (3r)

N—Bn
802 3r

Following the general procedure of GP-2, compound 3r (70 mg) was obtained in 63% yield as
colorless solid; mp = 93-95 °C; Rs = 0.53 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR
(400 MHz, CDCls) §9.41 (s, 1H), 8.10 (s, 2H), 7.94-7.85 (m, 5H), 7.66—7.60 (m, 3H),
7.55-7.49 (m, 2H), 7.24-7.15 (m, 7H), 7.07-7.02 (m, 3H), 6.35 (d, J = 2.4 Hz, 1H), 4.87 (s,
2H), 4.69 (s, 2H); 3¢ NMR (101 MHz, CDCls) §146.5, 142.8, 139.6, 137.5, 135.8, 135.0,
134.5, 132.2, 1315 (q, /= 12.1 Hz), 130.2, 129.4, 129.3, 128.8, 128.7, 128.6, 128.4, 128.3,
128.1,127.5, 127.4, 126.5, 125.6, 124.5, 119.8, 119.4, 116.5, 99.4, 55.5, 53.4; F NMR (376
MHz, CDCls) §-62.8,-62.7; IR (Neat) vmax 3336, 2926, 1361, 1325, 1167, 1135,
cm~; HRMS (ESI) for CaoH29FsN404S, (M+H)*: calcd 795.1534, found 795.1526.

N,N'-(1H-pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzyl-4-(tert-

butyl)benzenesulfonamide) (3s)

3s

Following the general procedure of GP-2, 3s (50 mg) was obtained in 46% yield as pale yellow
solid; mp = 109-111 °C; Rs = 0.54 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR (400
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MHz, CDCls) 59.46 (s, 1H), 7.84 (dt, J = 0.8, 7.6 Hz, 2H), 7.68 (d, J = 7.6 Hz, 2H), 7.60 (d,
J=17.2 Hz, 2H), 7.54 (s, 1H), 7.52-7.49 (m, 2H), 7.48-7.44 (m, 2H), 7.29 (dd, J = 2.8, 7.6 Hz,
3H), 7.25-7.18 (m, 5H), 7.05-7.02 (m, 3H), 6.43 (d, J = 2.0 Hz, 1H), 4.92 (s, 2H), 4.68 (s,
2H), 1.37 (s, 9H), 1.35 (s, 9H); 3C NMR (101 MHz, CDCl3) 5157.5, 156.5, 147.0, 142.8,
136.7,135.5,135.1, 134.4, 133.3, 133.0, 129.4, 128.8, 128.5, 128.2, 128.0, 127.7, 127.1, 126.8,
126.3,126.1,126.0, 125.7,119.8 (2C), 116.5, 98.8, 54.8, 52.8, 35.3, 35.2, 31.1, 31.0; IR (Neat)
vinax 3411, 2938, 1637, 1348, 1163, 756 cm™t; HRMS (ESI) for CssH47N404S; (M+H)*: calcd
771.3039, found 771.3031.

N,N'-(1H-Pyrrolo[3,2-clquinoline-2,4-diyl)bis(N-benzyl-4-nitrobenzenesulfonamide) (3t)

/N—Bn
02N4<;>—so2 3t

Following the general procedure of GP-2, compound 3t (69 mg) was obtained in 66% yield as
pale yellow solid; mp = 180-182 °C; Rs = 0.33 (4:1 hexane/EtOAc); [Silica, UV and I,]; *H
NMR (400 MHz, CDCls) 59.34 (s, 1H), 8.27-8.22 (m, 4H), 7.85-7.70 (m, 6H), 7.50—7.39
(m, 2H), 7.18-7.05 (m, 7H), 7.03—6.97 (m, 3H), 6.29 (d, J = 2.0 Hz, 1H), 4.84 (s, 2H), 4.62 (s,
2H); 3¢ NMR (101 MHz, CDCls) 6150.6, 150.2, 146.1, 143.8, 142.9, 141.5, 135.6, 134.9,
134.2,131.9,129.6,129.5,129.1, 128.9, 128.7, 128.5, 128.4, 128.2, 127.6, 126.7, 124.4, 123.9,
119.8,119.4, 116.5,99.7, 55.5, 53.4; IR (Neat) vmax 3377, 2923, 1529, 1366, 1165, 1082 cm™;
HRMS (ESI) for Ca7H20NsOsS2 (M+H)*: calcd 749.1488, found 749.1482.

When a mixture of 1a and 2h was stirred for 15 h under the standard reaction conditions, the

desired product (3t) was isolated in 68% yield (71mg).

N,N*-(1H-Pyrrolo[3,2-c]quinoline-2,4-diyl)bis(4-bromo-N-methylbenzenesulfonamide)
(3u)
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Following the general procedure of GP-2, compound 3u (54 mg) was obtained in 58% yield as
pale yellow solid; mp = 188-190 °C; Rs = 0.66 (4:1 hexane/EtOAc); [Silica, UV and I;]; *H
NMR (400 MHz, CDCls) 59.84 (s, 1H), 8.08-8.05 (m, 1H), 7.89—7.86 (m, 1H), 7.63-7.56
(m, 8H), 7.46 (d, J = 8.0 Hz, 2H), 6.33 (d, J=2.0 Hz, 1H), 3.27 (s, 3H), 3.26 (s, 3H); BC NMR
(125 MHz, CDCls) 6147.9, 142.7, 135.8, 135.1, 134.7, 133.3, 132.5, 132.4, 131.8, 130.1,
129.5, 129.2, 128.8, 128.0, 127.3, 126.4, 119.8, 118.0, 116.5, 95.4, 37.8, 37.1; IR (Neat) vimax
3356, 1573, 1380, 1355, 1162, 1071 cm~L; HRMS (ESI) for C2sH21BraN404S; (M+H)*: calcd
662.9371, found 662.9366.

N,N’-(1H-Pyrrolo[3,2-c]quinoline-2,4-diyl)bis(N-benzyl-4-bromobenzenesulfonamide)
3v)

Following the general procedure of GP-2, compound 3v (73 mg) was obtained in 64% yield as
pale yellow solid; mp = 148-150 °C; Rs = 0.62 (4:1 hexane/EtOAC); [Silica, UV and I]; *H
NMR (400 MHz, CDCls) §9.47 (s, 1H), 7.84 (dd, J = 4.8, 7.6 Hz, 2H), 7.65-7.57 (m, 6H),
7.50-7.45 (m, 3H), 7.28-7.24 (m, 3H), 7.19 (dd, J = 2.0, 6.8 Hz, SH), 7.09 (t, J = 7.2 Hz, 3H),
6.41 (d, J = 2.0 Hz, 1H), 4.90 (s, 2H), 4.65 (s, 2H); 3¢ NMR (101 MHz, CDCls) 5146.6,
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142.8, 137.2, 136.2, 135.0, 134.7 (2C), 132.6, 132.5, 132.0, 129.9, 129.5, 129.3, 128.9, 128.8,
128.6, 128.4, 128.2, 128.1, 127.9, 127.4, 127.2, 126.4, 119.9, 119.6, 116.5, 99.3, 55.1, 53.0;
IR (Neat) vimax 3370, 1531, 1384, 1162, 1072, cm™t; HRMS (ESI) for CarHzoBraN4O4S,
(M+H)*: calcd 814.9997, found 814.9988.

Synthesis of 7a and 7b

Bn\N/Ts
NH, I Cu(OAc); 10 mol% Bn Bn
@ . Zn(OTf); 10 mol% _ N N1 N N7,
CN H 1,4-dioxane, 110 °C = ) * §Z
AN
L 7h HN NH, Ph
1a 5 Ph
7a (23%) 7b (20%)

In an oven-dried Schlenk flask, 1a (0.23 mmol, 27 mg), 5 (0.21 mmol, 80 mg), Cu(OAc).
(0.021 mmol, 4.0 mg), and Zn(OTf) (0.021 mmol, 8.0 mg) were taken and subsequently
anhydrous 1,4-dioxane (2 mL) was introduced into the Schlenk flask under argon atmosphere.
The reaction mixture was heated at 110 °C for 7 h before diluting with dichloromethane (10
mL). Subsequently, the reaction mixture was filtered through a small pad of Celite and the
filtrate was concentrated. The crude residue was purified through silica gel column
chromatography to obtain pure 7aand 7b in 23% (24 mg) and 20% (21 mg) yields, respectively.

N-Benzyl-4-methyl-N-(2-phenyl-1H-pyrrolo[3,2-c]quinolin-4-yl)benzenesulfonamide
(7a)

Pale yellow solid; mp = 220-222 °C; Rt = 0.62 (4:1 hexane/EtOAc); [Silica, UV and I,]; *H
NMR (400 MHz, CDCl3) §9.27 (s, 1H), 7.92—7.89 (m, 1H), 7.83—7.79 (m, 3H), 7.57 (d, J =
7.6 Hz, 2H), 7.46—7.43 (m, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.34—7.29 (m, 5H), 7.09-7.01 (m,
4H), 4.95 (s, 2H), 2.48 (s, 3H); 3¢ NMR (125 MHz, CDCls) §147.1, 143.6, 142.7, 137.6,
137.3, 136.4, 135.9, 131.4, 129.4 (2C), 128.9, 128.6, 128.5, 128.1, 127.8, 127.3, 126.6, 125.9,
125.2, 121.8, 119.7, 116.9, 101.4, 53.1, 21.6; IR (Neat) vmax 3408, 2924, 1639, 1343, 1089,
759 cm~t; HRMS (ESI) for Cs1H26N302S (M+H)*: calcd 504.1746, found 504.1752.
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N-(4-Amino-3-(phenylethynyl)quinolin-2-yl)-N-benzyl-4-methylbenzenesulfonamide
(7b)

Pale yellow solid; mp = 171-173 °C; Rs = 0.52 (4:1 hexane/EtOAc); [Silica, UV and 1,]; *H
NMR (400 MHz, CDCls) 57.87 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.61 (t, J = 3.2
Hz, 2H), 7.53 (t, J = 8.4 Hz, 2H), 7.35-7.25 (m, 8H), 7.06 (t, J = 3.2 Hz, 3H), 5.45 (s, 2H),
4.81 (s, 2H), 2.44 (s, 3H); 3C NMR (101 MHz, CDCls) §152.6, 152.5, 145.9, 143.4, 136.4,
136.0, 131.5,129.9, 129.5, 129.3, 128.7, 128.4, 128.3, 127.9, 127.3, 125.5, 123.4, 120.5, 116 .4,
99.8, 83.3, 53.5, 21.6; IR (Neat) vmax 3417, 2924, 1636, 1365, 1082, 763 cm~*; HRMS (ESI)
for Ca1H26N302S (M+H)™: calcd 504.1746, found 504.1757.

Procedure for gram-scale reaction

Cu(OAc), 10 mol%

NH, N
@ 2¢  Zn(OTf); 10 mol% =
N >

CN (1.09) 1,4-dioxane, 110 °C &
(1a, 313 mg) h "N

(1.1 g, 85%)

In an oven-dried 15 mL Schlenk flask, 1a (313 mg, 2.6 mmol), 2c (1.0 g, 2.4 mmol), Cu(OAc)2
(44 mg, 0.24 mol), and Zn(OTf). (87 mg, 0.24 mmol) were taken and anhydrous 1,4-dioxane
(20 mL) was added in the reaction mixture under argon atmosphere. Subsequently, the reaction
mixture was heated at 110 °C for 7 h. Upon full consumption of 2c, the reaction mixture was
diluted with dichloromethane (30 mL) and filtered through a small pad of Celite. The filtrate
was concentrated under reduced pressure and the crude residue was purified through silica gel

column chromatography to obtain pure 3p in 85% vyield (1.1 g).
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Procedure for the synthesis of N-((4-amino-2-(N-benzylmethylsulfonamido)quinolin-3-

ylethynyl)-N-benzylmethanesulfonamide (8)

Ph
MeOZS\N)

+ - SOzMe
| | [JohnphosAu(I)(CNMe)] SbFg '

N N
NH, (5 mol%) N j
+ g _A__Ph ph |+ 3P(8%)
CN | | 1,4-dioxane, 110 °C, 7 h % )

NH N

_N

1a MeO,S™ ™ (7 SO;Me
2c Ph

A mixture of 1a (23 mg, 0.21 mmol), 2¢ (80 mg, 0.19 mmol), and Au(l) (5 mol%, 7.4 mg) was
taken in an oven-dried 15 mL Schlenk flask under argon atmosphere, and subsequently 1 mL
of anhydrous 1,4-dioxane was poured into the reaction mixture via syringe. Next, the Schlenk
flask was heated at 110 °C for 7 h. Upon full consumption of 2c the reaction mixture was cooled
to room temperature, diluted with dichloromethane (10 mL), and filtered through a small pad
of Celite. The filtrate was concentrated under reduced pressure and purified through silica gel
column chromatography to obtain pure 3p (8 mg) and 8 (72 mg) in 8% and 70% Yyields,
respectively.

pale yellow solid; mp = 155-157 °C; Rs = 0.28 (4:1 hexane/EtOAC); [Silica, UV and I]; *H
NMR (400 MHz, CDCl3) §7.60 (t, J = 7.2 Hz, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.32 (brs, 11H),
6.01 (s, 2H), 4.70 (d, J = 14.4 Hz, 2H), 4.55 (d, J = 14.4 Hz, 2H), 2.63 (s, 6H); 3¢ NMR (101
MHz, CDCI3) 6137.9, 135.2, 133.7, 133.0, 132.4, 130.0, 129.5, 128.6, 128.5, 128.3, 116.9,
107.7, 56.2, 39.1; IR (Neat) vmax 3427, 1634, 1341, 1154, 770 cm~t; HRMS (ESI) for
Ca7H26KN104S; (M+K)™: calcd 573.1033, found 573.1041.

Control experiment

N 1. cu(0OAc), 10 mol%

NH»> ‘ ‘ 1,4-dioxane
@[ . 110 °C, 2 h
CN Il 2.Zn(OTf), 10 mol%
1a 5h
Bn™ Ts
2a 3a (49%) TS

In an oven-dried 15 mL Schlenk flask, 1a (18 mg, 0.15 mmol), 2a (80 mg, 0.14 mmol), and
Cu(OAC) (3.0 mg, 0.014 mmol) were taken and anhydrous 1,4-dioxane (2 mL) was added in
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the reaction mixture under argon atmosphere. Subsequently, the reaction mixture was heated
at 110 °C for 2 h. Upon full consumption of 2a, the reaction mixture was cooled to room
temperature and Zn(OTf). (5.0 mg, 0.014 mmol) was added under argon atmosphere.
Thereafter, the reaction mixture was stirred at 110 °C for an additional 5 h before diluting with
dichloromethane (10 mL). The diluted reaction mixture was filtered through a small pad of
Celite. The filtrate was concentrated under reduced pressure and the crude residue was purified
through silica gel column chromatography. The desired product 3a was isolated in 49% yield
(48 mg).

Deuterium-labelling experiment

~ Bn.., M Ms

0%  EMNMS o4 0Ac), 10 mol% Nt

ND, Il Zn(OTf), 10 mol% Bn ;26%

[ I ’ 1,4-dioxane H/D
CN 1\1’ 110 °C, 7 h
Bn" "Ms T
1a-D 2c ~8% D/H  N—Bn
Ms
89%

Following general procedurae GP-2, reaction between 1a-D (31 mg, 0.26 mmol) and 2c (100
mg, 0.24 mmol) in presence of Cu(OAc)2 (5.0 mg, 0.024 mmol) and Zn(OTf)2 (9.0 mg, 0.024
mmol) furnished the desired product 9 (114 mg) in 89% vyield as pale yellow solid.

mp = 205-207 °C; R¢ = 0.23 (4:1 hexane/EtOAC); [Silica, UV and I]; *H NMR (400 MHz,
CDCls) §9.52 (s, 0.92H), 8.00 (d, J= 8.0 Hz, 1H), 7.78 (dd, J = 0.8, 8.4 Hz, 1H), 7.53 (dt, J =
1.6, 7.2 Hz, 1H), 7.42 (dt, J = 1.2, 6.8 Hz, 1H), 7.29-7.23 (m, 7H), 7.13-7.10 (m, 3H), 6.52
(d, J = 2.4 Hz, 0.74H), 5.11 (s, 2H), 4.81 (s, 2H), 3.20 (s, 3H), 2.91 (s, 3H); 23 NMR (101
MHz, CDCl3) 6147.1, 143.0, 136.4, 135.2, 135.0, 132.8, 129.5, 128.7, 128.3, 128.2, 127.6,
127.2,126.4,119.8,119.1, 116.6, 98.0, 55.0, 53.9, 38.1, 37.2; IR (Neat) vinax 3407, 2926, 1637,
1340, 1152, 1065, 756 cm~t; HRMS (ESI) for C27H26DN404S; (M+H)*: calcd 536.1536, found
536.1528.

D20 experiment
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Bn., .
nNTs

Cu(OAc), 10 mol% Ts
Zn(OTf), 10 mol% N_ _N.
NH, | | D,0 (2 eq.) N Bn 50%
+ . o % ¥
@ l | 1,4-dioxane, 110 °C H/D
CN 7h N //
%=D/H -
Bn/N“Ts 52% 5/0 TS/N Bn
1a
2a 10

In an oven-dried 15 mL Schlenk flask, 1a (18 mg, 0.15 mmol), 2a (80 mg, 0.14 mmol),
Cu(OAc)2 (3.0 mg, 0.014 mmol), and Zn(OTf)2 (5.2 mg, 0.014 mmol) were taken and
anhydrous 1,4-dioxane (2 mL) was added in the reaction mixture under argon atmosphere.
Next, DO (6.0 uL, 0.28 mmol) was introduced into the flask via micro syringe and
subsequently the Schlenk flask was placed inside oil bath at 110 °C with stirring. Upon full
conversion of starting material 2a, the reaction mixture was cooled to room temperature,
diluted with dichloromethane (10 mL), and filtered through a small pad of Celite. The filtrate
was concentrated under reduced pressure and purified through silica gel column

chromatography to obtain pure 10 (50mg) in 52% yield.

IH NMR (400 MHz, CDCls) §9.37 (s, 0.95H), 7.83 (t, J = 8.8 Hz, 2H), 7.61 (d, J = 8.4 Hz,
2H), 7.54 (d, J = 8.0 Hz, 2H), 7.52-7.43 (m, 2H), 7.30 (d, J = 8.0 Hz, 4H), 7.25 (d, J= 8.0 Hz,
2H), 7.22-7.18 (m, SH), 7.08-7.02 (m, 3H), 6.43 (d, J = 2.0 Hz, 0.5H), 4.90 (s, 2H), 4.64 (s,
2H), 2.47 (s, 3H), 2.44 (s, 3H).

Debenzylation of 3p

I\I/Is I\I/Is
NapNogn  Ha Pd/C Ny NH
= MeOH, rt, 6 h =
HN [ HN /

3p N—Bn 11 HN—Ms
/
Ms

In an oven-dried 10 mL Schlenk flask, 3p (80 mg, 0.14 mmol) and Pd/C (31 mg, 0.29 mmol),
were taken and MeOH (3 mL) was added under Hz atmosphere. Later, the reaction mixture was
stirred for 6 h under H balloon condition and upon full conversion of 3p, the reaction mixture
was evaporated under reduced pressure. Then, the crude reaction mixture was purified through

silica gel column chromatography to obtain pure 11 (48mg) in 91% vyield.

colorless solid; mp =220-222 °C; R = 0.44 (1:1 hexane/acetone); [Silica, UV and I2]; *H NMR
(400 MHz, de-DMSO) §12.78 (s, 1H), 11.67 (s, 1H), 10.0 (s, 1H), 8.25 (d, J = 7.6 Hz, 1H),
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7.73 (d,J = 8.4 Hz, 1H), 7.47 (d,J = 7.2 Hz, 1H), 7.37 (d, J = 7.2 Hz, 1H), 6.83 (s, 1H), 3.09
(s, 3H), 3.04 (s, 3H); 3C NMR (101 MHz, ds-DMSO) §150.5, 134.4, 133.4, 130.8, 128.7,
124.2,121.6, 118.3, 113.4, 112.4, 101.9, 43.1; IR (Neat) vmax 3395, 2923, 1634, 1593, 1383,
1102 cm=*; HRMS (ESI) for C13H15N404S, (M+H)*: calcd 355.0535, found 355.0524.

Bromination of 3p

I\I/Is I\I/Is
NarN Bn  HBr (40% in aq.) NarNgn
= DMSO:EtOAc (1:1) = Br
HN / 0°C-60°C,1h HN /
3p /N—Bn 12 N—Bn
Ms Ms/

In an oven-dried 10 mL Schlenk flask, 3p (55 mg, 0.10 mmol) was dissolve in DMSO: EtOAc
(1:1, 2mL) at 0 °C and subsequently HBr (25 pL, 1.0 mmol) was added in the reaction mixture.
Later, the mixture was heated to 60 °C and stirred for 1 h. Upon full conversion of 3p, H20 (5
mL) was poured into the Schlenk flask and the reaction mixture was extracted with EtOAc (5
mL X 3). The organic extract was concentrated under reduced pressure and the crude residue

was purified through silica gel column chromatography to obtain pure 12 (54mg) in 86% yield.

Pale yellow solid; mp = 105-107 °C; R = 0.5 (4:1 hexane/acetone); [Silica, UV and I,]; *H
NMR (500 MHz, CDCls) §9.61 (s, 1H), 7.94 (d, J = 7.2 Hz, 1H), 7.62 (t, J = 6.4 Hz, 1H),
7.52 (t,J = 5.6 Hz, 1H), 7.37 (t, J = 6.0 Hz, 1H), 7.31 (t, J = 3.2 Hz, 2H), 7.19-7.16 (m, 8H),
5.06 (s, 2H), 4.94 (s, 2H), 3.17 (s, 3H), 3.14 (s, 3H); 13C NMR (125 MHz, CDCl3) §146.7,
142.7,135.5,135.4,135.1, 129.9,129.4,129.1, 129.0, 128.7, 128.3, 128.1, 127.9, 127.8, 126.9,
119.7, 116.4, 116.2, 90.3, 55.0, 53.8, 40.7, 38.5; IR (Neat) vmax 3395, 2924, 1621, 1384, 1152
cm~t; HRMS (ESI) for C27H26BrN404S2 (M+H)*: caled 613.0579, found 613.0575.

Methylation of free -NH group in 3p

Ms

NN e
XY~ "Bn Ny N~
_ Mel, NaH Bn
N\  THF 0°C &
6h N—4
N—Bn /
M Me N—Bn
S /
3p 13 Ms
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In an oven-dried 10 mL Schlenk flask, NaH (12 mg 60% in oil, 0.29 mmol) was taken under
argon atmosphere and anhydrous THF (4 mL) was introduced into the Schlenk flask.
Subsequently, 3p (80 mg, 0.14 mmol) was added in one portion at 0 °C and stirred for 10 min.
Later, Mel (0.2 mL, 2.9 mmol) was introduced into the reaction mixture at 0 °C and stirred for
6 h at rt. Upon full conversion of 3p, the reaction mixture was quenched with H>O (5 mL) at 0
°C and extracted with DCM (10 mL X 3). The organic extract was concentrated under reduced
pressure and the crude residue was purified through silica gel column chromatography
(acetone:hexane) (3:1) to obtain pure 13 (71mg) in 86% yield.

colorless solid; mp=110-112 °C; Rt=0.52 (3:1 hexane/acetone); [Silica, UV and I2]; 'H NMR
(400 MHz, CDCls) 68.22 (t,J= 8.0 Hz, 1H), 8.10 (dd, J= 1.6, 8.0 Hz, 1H), 7.60 (dt, J= 1.2,
7.2 Hz, 1H), 7.51 (dt, J= 1.2, 6.8 Hz, 1H), 7.31 (dd, J = 2.0, 8.0 Hz, 2H), 7.23-7.15 (m, 6H),
7.14-7.10 (m, 2H), 6.70 (s, 1H), 5.12 (q, J = 13.2 Hz, 2H), 4.98 (d, J = 13.2 Hz, 1H), 4.41 (d,
J=13.2 Hz, 1H), 3.67 (s, 3H), 3.21 (s, 3H), 2.96 (s, 3H); 1*C NMR (101 MHz, CDCls3) §147.6,
144.0, 136.6, 135.0, 134.5, 134.0, 130.1, 129.5, 128.9, 128.7, 128.6, 128.2, 127.7, 126.8, 126.3,
120.8,118.7,118.4,100.7,57.3,54.1, 37.8, 36.6, 32.9; IR (Neat) vmax 3398, 2924, 1346, 1154,
1085 cm~t; HRMS (ESI) for C2sH29N404S, (M+H)*: calcd 549.1630, found 549.1637.
X-Ray Data Collection and Structure Refinement Details for compound 3p

A good quality single crystal of size 0.36x 0.32x 0.21mm was selected under a
polarizing microscope and was mounted on a glass fiber for data collection. Single crystal X-
ray data for compound 3p were collected on the Bruker APEX-I1 CCD area-detector at 100(2)
K. Data collection was performed using o-scans at 100(2) K by Bruker APEX2!. Cell
determination, and data reduction was performed using the Bruker SAINT software. Structure
solution and refinement were performed by using SHELX-972. Refinement of coordinates and
anisotropic thermal parameters of non-hydrogen atoms were carried out by the full-matrix
least-squares method. The hydrogen atoms attached to carbon atoms were generated with

idealized geometries and isotropically refined using a riding model.

Crystallization: Crystals of compound 3p (8 mg) were grown in a 1 mL mixture of solvents
n-hexane:ethyl acetate (1:9) by slow evaporation method for 3 days.
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Figure S3 ORTEP diagram drawn with 50% ellipsoid probability for non-H atoms of the
crystal structure of compound 3p determined at 273K.

Table S1 Crystal data and structure refinement details for 3p.

Compound 3p
Empirical formula C27H26 N4 04 Sz
Formula weight 534.64
Crystal System Triclinic
Space group P-1
a (A 11.8340(3)
b (A) 13.5204(3)
c(A) 16.9352(4)
a (°) 90.4110(10)
£(°) 91.3210(10)
v (°) 97.8180(10)
V (A% 2683.59(11)
z 4
D¢ (g/cm?®) 1.323
Fooo 1120
u(mm?) 0.238
Omax (°) 28.34
Total reflections 45794
Unique reflections 13378
Reflections [1 > 25(1)] 10771
Parameters 679
Rint 0.0488
Goodness-of-fit 1.024
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R [F2> 20(F9)] 0.0695
WR (F?, all data) 0.1967
CCDC No. 2101673
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"H NMR, CDCls, 400 MHz
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"H NMR, CDCl3, 400 MHz
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"H NMR, CDCl3, 400 MHz
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'H NMR, CDClg, 400 MHz
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'H NMR, CDCl3, 400 MHz
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"H NMR, CDCls, 400 MHz
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"H NMR, CDCl;, 500 MHz
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9F NMR, CDCls, 376 MHz
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3C NMR, CDCl3, 101 MHz
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'H NMR, CDCl3, 400 MHz
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"H NMR, CDCls, 400 MHz
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'H NMR, CDCl3, 400 MHz
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"H NMR, CDCl3, 400 MHz
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"H NMR, CDCls, 400 MHz
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'H NMR, CDCl3, 400 MHz

4.321

current Data Parametsrs

Ha Desktop
EXPRO 410
PROCNC 1

pe

spect
GR-20-210 5 om PAESO BB/
zg30
SWH
FIDRES
300.0
1.00000000
1
——== CHANNEL f1
SFOL1 400.182!
HUC1 1H
Pl 13.20
PLWL 13.00000000
F2 - Processing parameters
51 65536
SF 400.1605374 MHz
wow £
55B [
LB 0.30 Hz
= ‘
PC 1.00
I I I I I I I
10 9 8 7 6 5 1 0 ppm
[=35=]
1]
=
A ONTOOAIANNADFNM A AR T~ O WO
Lo A A0N0N0ONAHO0 OO
NECEC QOO ITIFIONMNMNMNONNN
osr~-~-~~CCCCCCCCCCCCC~
[ ST S S S

CR-20-164 I|3n
N N.
N Ts
=
HN /
3a /N—Bn
Ts
T T T T T T T T T T
13 12 11 10 9 8 7 5 2 1 ppm
© W::%—’umnwv—mc o= (=]
I REEEEREE S(= =2
o NlN|N|[== v~ o |

S50



3C NMR, CDCl3, 125 MHz
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3C NMR, CDCl3, 101 MHz
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3C NMR, CDClj, 125 MHz
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3C NMR, CDCl3, 125 MHz
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3C NMR, CDCl3, 125 MHz
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3C NMR, CDCl3, 125 MHz
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"H NMR, CDCls, 400 MHz
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°F NMR, CDCl3, 376 MHz
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3C NMR, CDCl3, 101 MHz
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3C NMR, CDCl3, 125 MHz
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3C NMR, CDCl3, 101 MHz
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3C NMR, CDClg, 125 MHz
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3C NMR, CDCl3, 101 MHz
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3C NMR, CDCl3, 101 MHz
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"H NMR, CDCl3, 400 MHz
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'H NMR, CDCl3, 400 MHz
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'H NMR, CDCl3, 400 MHz
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"H NMR, CDCl3, 400 MHz
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"H NMR, CDCl3, 400 MHz
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"H NMR, CDCl3, 400 MHz
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Sample Name HRMS21124MAY24 Position Vial 24 Instrument Name Instrument 1 User Name
1Inj Vol 4 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename SH-20-435.d ACQ Method ISOCRATIC.m Comment Acquired Time 5/24/2021 1:56:58 PM
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SH 20 582 M

"H NMR, dg-DMSO, 101 MHz
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3C NMR, CDClj, 125 MHz
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"H NMR, CDCls, 400 MHz
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3C NMR, CDCl3, 101 MHz
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