Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

Copper-catalyzed enantioselective diyne cyclization via C(sp?)-O bond cleavage

Ji-Jia Zhou™, Ya-Nan Meng™, Li-Gao Liu, Yi-Xi Liu, Zhou Xu,* Xin Lu,* Bo Zhou,
Long-Wu Ye*

State Key Laboratory of Physical Chemistry of Solid Surfaces, Key Laboratory of
Chemical Biology of Fujian Province, and College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, China

E-mail: longwuye@xmu.edu.cn; Xinlu@xmu.edu.cn; xuzhou@xzhmu.edu.cn

Content Page Number
General 2
More Reaction Condition Studies 3
Preparation of Starting Materials 5
General Procedure: Copper Catalysis 27
Crystal Data 60
Computational Studies 61
HPLC Chromatograms 128

'H, 3C and "’F NMR Spectra 156


mailto:longwuye@xmu.edu.cn
mailto:xinlu@xmu.edu.cn
mailto:xuzhou@xzhmu.edu.cn

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

"H NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker AV-
500 spectrometer in chloroform-d. Chemical shifts are reported in ppm with the internal
TMS signal at 0.0 ppm as a standard. The data is being reported as (s = singlet, d =
doublet, t = triplet, m = multiplet or unresolved, brs = broad singlet, coupling constant(s)
in Hz, integration).

13C NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker AV-
500 spectrometer in chloroform-d. Chemical shifts are reported in ppm with the internal
chloroform signal at 77.0 ppm as a standard.

F NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker AV-

500 spectrometer in chloroform-d. Chemical shifts are reported in ppm.



More Reaction Condition Studies

Supplementary Table 1. Other reaction condition studies for the formation of (+)-2a.
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Entry L Conditions Yield (%) ee (%)

1 L18 40°C,10h 72 12

2 L19 40°C,10h 73 24

3 L20 40°C,72h <10 <10

4 L21 40°C,72h 72 39

5 L22 40°C,72h 65 <10

6 L23 40°C, 96 h 52 18

7 L24 40°C,24 h 72 74

8 L25 40°C,20 h 72 59

9 L26 40°C,20 h 55 76
Reaction conditions: 1a (0.05 mmol), Cu(CH3;CN)4PFg (0.005 mmol), L (0.006 mmol), NaBArF,
(0.006 mmol), DCE (1 mL), in Vvials. NaBArF4 = sodium tetrakis[3,5-

bis(trifluoromethyl)phenyl]borate.
[a] Measured by 'H NMR using 1,3,5-trimethoxybenzene as the internal standard.
[b] Determined by HPLC analysis.



Supplementary Table 2. Other reaction condition studies for the formation of (+)-2a.

I\I/Is
N
4 [Cu] (10 mol %) R
| | L14 (12 mol %) , NaBAr", (12 mol %)
OPh PMP conditions
1a (+)-2a

Entry Catalyst Conditions Yield (%)@ ee (%)P!
1 Cu(MeCN),PFg DCE, 40 °C, 12 h 82 92
20 Cu(MeCN),PFg DCE, 40 °C, 12 h 82 92
3l Cu(MeCN),PFg DCE, 40 °C, 12 h 80 92
4lel Cu(MeCN),PFg DCE, 40 °C, 24 h 78 90
5 Cu(MeCN),PFg DCE, 30 °C, 50 h 72 93
6 Cu(MeCN),PFg DCM, 30 °C, 50 h 72 93
7 Cu(MeCN),PFg Et,0, 30 °C, 50 h <10 <10
8 Cu(MeCN),PFg PhMe, 30 °C, 50 h 74 94
9 Cu(MeCN),PFg PhMe, 40 °C, 12 h 82 93
10 Cu(MeCN)4PFg o-xylene, 40 °C, 12 h 78 93
11 Cu(MeCN),PFq PhF, 40 °C, 12 h 85 92
12 Cu(MeCN),PFg PhCI, 40 °C, 12 h 84 92
13 Cu(MeCN),PFg PhCF3, 40 °C, 12 h 92 94
14 Cu(MeCN),BF, PhCF3, 40 °C, 12 h 90 93
15 CuCl PhCF3, 40 °C, 30 h 86 93
16 Cul PhCF3, 40 °C, 12 h 85 93
17 CuOTf PhCF3, 40 °C, 12 h 32 88
18 Cu(OTf), PhCF3, 40 °C, 12 h <10 <10

Reaction conditions: 1a (0.05 mmol), [Cu] (0.005 mmol), L14 (0.006 mmol), NaBAr",

(0.006 mmol),
bis(trifluoromethyl)phenyl]borate.

solvent (1

in vials.

NaBArF,
[a] Measured by

'H

sodium

tetrakis[3,5-
NMR  using

1,3,5-

trimethoxybenzene as the internal standard. [b] Determined by HPLC analysis. [c] Using 3
A MS (30 mg/0.1 mmol) as additive. [d] Using 4 A MS (30 mg/0.1 mmol) as additive. [e]
Using 5 A MS (30 mg/0.1 mmol) as additive.



1. N-propargyl ynamides 1a-1ab and lag-lai were prepared according to the

following procedures.!*

o O
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AgNO3 (5 mol %)
acetone, 0 °C, 2 h

Br
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PG
Br Cul (0.2 equiv) N

R! = DMEDA (0.4 equiv) R! P

. PGHN/\ S

| P R?  Cs,COj3 (3 equiv) | _ | |
OPh 1,4-dioxane, rt, 3 h OPh

R2
(2 equiv) 1, 60-99%

To a solution of salicylaldehyde derivative (3.0 mmol) in THF (10 mL) was added
‘BUOK (3.3 mmol, 370 mg) at 0 € , the mixture solution was stirred at 0 € for 0.5 h.
Then, the Ph2lOTf (3.6 mmol 1.55 g) was added to a stirred solution. The mixture
solution was stirred at 40 <€ for 6-10 h. The mixture was filtered, extracted by EtOAc
and concentrated. The residue was purified by flash chromatography on silica gel
(eluent: hexanes/EtOAC) to afford the desired product (70-95%).

To a solution of above product (2.7 mmol) in MeOH (15 mL) was added K3PO4 (5.4
mmol, 1.15 g) and dimethyl(1-diazo-2-oxopropyl)phosphonate (3.2 mmol, 622 mg) in
sequence. The mixture solution was stirred at 25 € for 3-8 h. The mixture was filtered,
extracted by EtOAc and concentrated.? Then, NBS (3.2 mmol, 570 mg) and AgNOs
(0.14 mmol, 23 mg) were added to a solution of the above crude product in acetone (15
mL) at 0 € for about 1 h and the progress of the reaction was monitored by TLC. The
solution was then concentrated under a reduced pressure, filtered and washed with
hexanes, concentrated again under a reduced pressure to give the product without
further purification (75-95%, 2 steps).®

To adry flask was added Cul (0.2 mmol, 38 mg), DMEDA (0.4 mmol, 35 mg), Cs2COs
(3.0 mmol, 977 mgq), protected propargylamide derivative (1.0 mmol) and 1,4-dioxane
(10 mL). To the mixture solution of the above product (2.0 mmol) was added. The

reaction was stirred at rt for 2-6 h until the reaction was complete monitored by TLC.



Next, the mixture solution was filtered and concentrated to afford the crude product.
The residue was purified by chromatography on silica gel (eluent: hexanes/EtOAc) to

afford the desired product 1 (60-99%).*

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)methane-

(j\/
| |
OPh

PMP

sulfonamide) (1a)

la

The product 1a was afforded as a pale yellow oil (90%, 388.4 mg). *H NMR (400 MHz,
CDCl3) 6 7.50 (dd, J = 7.6, 1.6 Hz, 1H), 7.32 (dd, J = 8.8, 1.6 Hz, 2H), 7.29 — 7.21 (m,
3H), 7.14 - 7.06 (m, 1H), 7.05 — 6.99 (m, 1H), 6.96 (dd, J = 8.4, 0.8 Hz, 1H), 6.92 (dd,
J=8.4,0.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.40 (s, 2H), 3.79 (s, 3H), 3.00 (s, 3H);
13C NMR (100 MHz, CDCls) § 160.0, 157.4, 156.9, 133.6, 133.3, 129.7, 129.6, 123.8,
122.7, 119.8, 117.6, 115.3, 114.0, 113.7, 86.9, 86.0, 80.1, 66.9, 55.2, 43.0, 38.3; IR
(neat): 2961, 2932, 2838, 2239(s), 1606, 1509, 1363, 1167, 757, 518; HRESIMS Calcd
for [C2sH21NNaO4S]* (M + Na*) 454.1083, found 454.1072.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)propane-
1-sulfonamide (1b)

1b
The product 1b was afforded as a pale yellow oil (99%, 459.6 mg). *H NMR (400 MHz,
CDCI3) 6 7.48 (dd, J =7.6, 1.2 Hz, 1H), 7.31 (d, J = 8.8 Hz, 2H), 7.28 — 7.20 (m, 3H),
7.10 — 7.05 (m, 1H), 7.05 — 6.99 (m, 1H), 6.93 (dd, J = 8.0, 2.8 Hz, 3H), 6.80 (d, J =



8.8 Hz, 2H), 4.40 (s, 2H), 3.77 (s, 3H), 3.23 — 3.13 (m, 2H), 1.93 — 1.81 (m, 2H), 0.92
(t, J = 7.6 Hz, 3H); 3C NMR (100 MHz, CDCls) § 159.8, 157.3, 156.8, 133.3, 133.1,
129.5, 129.4, 123.6, 122.7, 119.5, 117.6, 115.4, 113.8(4), 113.7(5), 86.4, 86.3, 80.5,
66.6, 55.1, 53.8, 42.6, 16.7, 12.7; IR (neat): 2971, 2935, 2838, 2239(s), 1605, 1486,
1091, 753, 538; HRESIMS Calcd for [C2rH2sNKO4S]* (M + K*) 498.1136, found
498.1127.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)propane-

2-sulfonamide (1c)

1c
The product 1c was afforded as a pale yellow oil (98%, 449.1 mg). *H NMR (400 MHz,
CDCl3) § 7.47 (dd, J = 8.0, 1.2 Hz, 1H), 7.31 (d, J = 8.8 Hz, 2H), 7.28 — 7.20 (m, 3H),
7.11 - 7.04 (m, 1H), 7.04 — 6.98 (m, 1H), 6.93 (d, J = 8.8 Hz, 1H), 6.90 (d, J = 8.0 Hz,
2H), 6.79 (d, J = 8.8 Hz, 2H), 4.41 (s, 2H), 3.76 (s, 3H), 3.45 (hept, J = 6.8 Hz, 1H),
1.36 (d, J = 6.8 Hz, 6H); *C NMR (100 MHz, CDCl3) § 159.8, 157.4, 156.5, 133.3,
133.1, 129.4, 129.3, 123.7, 122.5, 119.7, 117.4, 115.7, 113.9, 113.8, 86.6, 86.2, 80.6,
66.4, 55.1, 54.7, 42.6, 16.2; IR (neat): 2977, 2936, 2838, 2238(s), 1605, 1509, 1150,
757, 592; HRESIMS Calcd for [C27H2sNNaO4S]* (M + Na') 482.1397, found 482.1408.

4-Bromo-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)eth-

ynyl)benzenesulfonamide (1d)



1d

The product 1d was afforded as a pale yellow oil (85%, 485.8 mg). *H NMR (400 MHz,
CDCl3) 6 7.78 (d, J = 7.6 Hz, 2H), 7.45 (d, J = 6.8 Hz, 1H), 7.41 — 7.18 (m, 5H), 7.17
—6.84 (m, 7H), 6.75 (d, J = 7.6 Hz, 2H), 4.44 (s, 2H), 3.80 (s, 3H); 3C NMR (100 MHz,
CDCls) 6 159.8, 157.4, 157.2, 136.2, 133.5, 133.1, 132.0, 129.8, 129.7, 129.5, 128.9,
123.4, 123.3, 118.9, 118.5, 114.9, 113.9, 113.8, 86.9, 85.8, 79.4, 67.1, 55.3, 43.3; IR
(neat): 2956, 2933, 2838, 2239(s), 1605, 1509, 1174, 750. 607; HRESIMS Calcd for
[CaoH22BrNNaO4S]* (M + Na*) 594.0345, found 594.0327.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-nitro-NV-((2-phenoxyphenyl)ethynyl)-
benzenesulfonamide (1e)

NO,

le

The product 1e was afforded as a pale yellow oil (72%, 387.8 mg). '"H NMR (400 MHz,
CDCl3) § 8.08 (d, J = 8.8 Hz, 2H), 7.93 (d, J = 8.8 Hz, 2H), 7.47 (dd, J= 7.6, 1.2 Hz,
1H), 7.39 — 7.29 (m, 2H), 7.29 — 7.21 (m, 1H), 7.18 — 7.10 (m, 1H), 7.10 — 7.03 (m,
1H), 7.01 — 6.91 (m, 4H), 6.88 (d, J = 8.0 Hz, 1H), 6.68 (d, J = 8.8 Hz, 2H), 4.50 (s,
2H), 3.76 (s, 3H); '3C NMR (100 MHz, CDCl3) & 160.0, 157.6, 157.0, 150.1, 142.5,
133.5,132.9,129.9,129.8,129.4,123.7,123.5,123.4,118.7,118.5, 114.4, 113.8, 113.2,
87.2, 85.0, 79.2, 67.3, 55.2, 43.6; IR (neat): 3104, 2925, 2839, 2240(s), 1606, 1509,
1177, 1032, 752, 612; HRESIMS Calcd for [C30H22N2NaOsS]" (M + Na*) 561.1091,
found 561.1077.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)-4-

(trifluoromethyl)benzenesulfonamide (1f)



The product 1f was afforded as a pale yellow oil (93%, 522.3 mg). 'H NMR (400 MHz,
CDCls) § 8.05 (d, J = 8.0 Hz, 2H), 7.46 (dd, J = 8.0, 1.6 Hz, 1H), 7.41 (d, J = 8.0 Hz,
2H), 7.35 — 7.26 (m, 2H), 7.26 — 7.18 (m, 1H), 7.14 — 7.07 (m, 1H), 7.07 — 7.00 (m,
1H), 6.95 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.0 Hz, 1H), 6.69
(d, J = 8.8 Hz, 2H), 4.47 (s, 2H), 3.74 (s, 3H); 3C NMR (100 MHz, CDCl3) § 159.8,
157.5, 157.1, 140.6, 134.6 (q, J=33.0 Hz), 133.4, 132.9, 129.7, 129.6, 128.7, 125.7 (q,
J=3.0Hz), 123.3,123.0(q,/=271.0Hz), 118.7, 118.5, 114.6, 113.7, 113.4, 87.0, 85 4,
79.1,67.0, 55.1, 43.3; °F NMR (376 MHz, CDCls) § -63.3; IR (neat): 3059, 2936, 2839,
2240(s), 1607, 1487, 922, 753, 606; HRESIMS Calcd for [CaiH22FsNNaO4S]* (M +
Na*) 584.1114, found 584.1101.

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

benzenesulfonamide (1)

19
The product 1g was afforded as a pale yellow oil (85%, 431.5 mg). *H NMR (400 MHz,
CDCl3) 8 7.81 (d, J = 6.0 Hz, 2H), 7.44 (d, J = 6.0 Hz, 1H), 7.38 — 7.15 (m, 3H), 7.15
—6.99 (m, 6H), 6.99 — 6.81 (m, 3H), 6.72 (d, J = 6.0 Hz, 2H), 4.39 (s, 2H), 3.76 (s, 3H),
2.24 (s, 3H); 3C NMR (100 MHz, CDCls) 6 159.6, 157.2, 144.5, 134.2, 133.3, 133.0,
129.6, 129.3, 129.1, 128.1, 123.2, 123.0, 118.8, 118.5, 115.2, 114.1, 113.6, 86.4, 86.3,



79.7, 66.8, 55.2, 42.9, 21.4; IR (neat): 3063, 2933, 2838, 2238(s), 1606, 1509, 1486,
1170, 754, 589; HRESIMS Calcd for [C31H2sNNaO4S]* (M + Na*) 530.1397, found
530.1382.

4-methoxy-/N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-V-((2-phenoxyphenyl)-
ethynyl)benzenesulfonamide (1h)

(%
| |
OPh

PMP

1h

The product 1h was afforded as a pale yellow oil (75%, 392.7 mg). *H NMR (400 MHz,
CDCl3) 5 7.86 (d, J = 8.8 Hz, 2H), 7.44 (dd, J = 7.6, 1.6 Hz, 1H), 7.30 (dd, J = 8.4, 7.6
Hz, 2H), 7.23 — 7.15 (m, 1H), 7.12 — 7.00 (m, 4H), 6.97 (d, J = 7.6 Hz, 2H), 6.86 (d, J
= 8.4 Hz, 1H), 6.71 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.76 (s,
3H), 3.64 (s, 3H); *C NMR (100 MHz, CDCl3) & 163.5, 159.6, 157.2(3), 157.1(9),
133.3,133.1,130.4, 129.6, 129.1, 128.7, 123.2,123.1, 118.7, 118.6, 115.2,114.1, 113.9,
113.6, 86.5, 86.3, 79.8, 66.8, 55.3, 55.2, 42.9; IR (neat): 2966, 2839, 2237(s), 1595,
1509, 1367, 1164, 833, 590, 558; HRESIMS Calcd for [C31H2sNNaOsS]* (M + Na®)
546.1346, found 546.1334.

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-V-((4-methyl-2-phenoxyphenyl)-
ethynyl)methanesulfonamide (1i)

I\I/Is

N

/(j\/
| |
Me OPh

PMP
1i
The product 1i was afforded as a pale yellow oil (99%, 441.0 mg). *H NMR (400 MHz,
CDCl3) 8 7.38 (d, J = 7.6 Hz, 1H), 7.31 (d, J = 8.8 Hz, 2H), 7.26 — 7.19 (m, 2H), 7.03



—6.96 (m, 1H), 6.94— 6.87 (M, 3H), 6.79 (d, J = 8.8 Hz, 3H), 4.37 (s, 2H), 3.77 (s, 3H),
2.96 (s, 3H), 2.27 (s, 3H); 1*C NMR (100 MHz, CDCls) & 159.9, 157.4, 156.7, 140.5,
133.4, 133.2, 129.5, 124.7, 122.5, 120.4, 117.4, 113.8, 113.6, 112.1, 86.7, 85.2, 80.1,
66.8, 55.1, 42.9, 38.0, 21.3; IR (neat): 2958, 2931, 2839, 2241(s), 1606, 1360, 1166,
964, 738, 518; HRESIMS Calcd for [C2sHzsNNaO4S]* (M + Na*) 468.1240, found
468.1224.

N-((4-methoxy-2-phenoxyphenyl)ethynyl)-NV-(3-(4-methoxyphenyl)prop-2-yn-1-
yl)methanesulfonamide (1)

I\I/Is

N

/(j\/
| |
MeO OPh

PMP
1j

The product 1j was afforded as a pale yellow oil (60%, 276.9 mg). *H NMR (400 MHz,
CDCl3) § 7.42 (d, J = 8.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.28 — 7.18 (m, 2H), 7.06
—6.97 (M, 1H), 6.92 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.4 Hz, 2H), 6.64 (dd, J = 8.4, 2.4
Hz, 1H), 6.50 (d, J = 2.4 Hz, 1H), 4.39 (s, 2H), 3.77 (s, 3H), 3.71 (s, 3H), 2.95 (s, 3H);
13C NMR (100 MHz, CDCls) § 161.0, 159.9, 158.4, 157.0, 134.8, 133.1, 129.5, 122.7,
117.6, 113.8, 113.6, 109.5, 106.9, 105.7, 86.6, 84.5, 80.2, 66.5, 55.3, 55.1, 42.9, 37.8;
IR (neat): 3010, 2934, 2839, 2242(s), 1608, 1509, 1362, 1031, 834, 525; HRESIMS
Calcd for [C26H2sNNaOsS]* (M + Na*) 484.1189, found 484.1179.

N-((4-fluoro-2-phenoxyphenyl)ethynyl)-V-(3-(4-methoxyphenyl)prop-2-yn-1-

/(j\/
| |
F OPh

PMP

yl)methanesulfonamide (1K)

1k



The product 1k was afforded as a pale yellow oil (83%, 373.1 mg). *H NMR (400 MHz,
CDCl3) § 7.46 (dd, J = 8.8, 6.4 Hz, 1H), 7.35 — 7.24 (m, 4H), 7.12 — 7.05 (m, 1H), 6.96
(d, J = 7.6 Hz, 2H), 6.78 (d, J = 8.8 Hz, 3H), 6.61 (dd, J = 9.6, 2.4 Hz, 1H), 4.43 (s,
2H), 3.77 (s, 3H), 3.06 (s, 3H); 3C NMR (100 MHz, CDCls) & 162.8 (d, J = 249.0 Hz),
159.9, 158.8 (d, J=11.0 Hz), 156.2, 134.8 (d, J = 10.0 Hz), 133.1, 129.7, 123.7, 118.4,
113.9, 113.5, 110.5(1) (d, J = 3.0 Hz), 110.4(9) (d, J = 22.0 Hz), 106.4 (d, J = 25.0 Hz),
86.8, 85.5, 80.0, 65.9, 55.1, 42.8, 38.1; °F NMR (376 MHz, CDCls) § -107.6; IR (neat):
3012, 2933, 2838, 2243(s), 1605, 1505, 1034, 834, 517; HRESIMS Calcd for
[C2sH20FNNaO,S]* (M + Na*) 472.0989, found 472.0976.

N-((4-chloro-2-phenoxyphenyl)ethynyl)-NV-(3-(4-methoxyphenyl)prop-2-yn-1-
y)methanesulfonamide (11)

I\I/Is

N

/@\/
| |
Cl OPh

PMP

1l

The product 11 was afforded as a pale yellow oil (91%, 424.0 mg). *H NMR (400 MHz,
CDCl3) 8 7.41 (d, J = 8.0 Hz, 1H), 7.35 — 7.25 (m, 4H), 7.10 (d, J = 7.6 Hz, 1H), 7.06
(dd, J = 8.4, 1.6 Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 6.91 (d, J = 1.6 Hz, 1H), 6.79 (d, J
= 8.4 Hz, 2H), 4.43 (s, 2H), 3.80 (s, 3H), 3.05 (s, 3H); 3C NMR (100 MHz, CDCls) &
160.0, 157.9, 156.4, 134.9, 134.2, 133.3, 129.8, 123.8, 123.6, 119.3, 118.3,114.0, 113.6,
113.4, 87.0, 86.7, 80.0, 66.2, 55.2, 43.0, 38.4; IR (neat): 3012, 2932, 2838, 2241(s),
1606, 1486, 1363, 1034, 929, 515; HRESIMS Calcd for [C25H20CINNaO4S]* (M + Na*)
488.0694, found 488.0675.

N-((4-bromo-2-phenoxyphenyl)ethynyl)-V-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (1m)



I\I/Is

N

/(j\/
| |
Br OPh

PMP

1m

The product 1m was afforded as a pale yellow oil (76%, 387.9 mg). *H NMR (400 MHz,
CDCl3) 6 7.36 — 7.26 (m, 5H), 7.21 (dd, J = 8.4, 2.0 Hz, 1H), 7.12 — 7.07 (m, 1H), 7.06
(d,J=2.0Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 4.43 (s, 2H), 3.79
(s, 3H), 3.05 (s, 3H); 1*C NMR (100 MHz, CDCls) & 160.0, 157.8, 156.5, 134.3, 133.3,
129.8,126.7,123.6,122.6,122.2,118.3, 114.0, 113.6, 87.0, 86.9, 80.0, 66.3, 55.2, 42.9,
38.4; IR (neat): 2961, 2930, 2838, 2240(s), 1606, 1509, 1364, 1166, 923, 833;
HRESIMS Calcd for [C2sH20BrNNaO4S]*™ (M + Na*) 532.0189, found 532.0196.
N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-V-((5-methyl-2-phenoxyphenyl)ethynyl)-
methanesulfonamide (1n)

I\I/Is

N

Q\/ I
OPh

PMP
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The product 1n was afforded as a pale yellow oil (90%, 401.0 mg). *H NMR (400 MHz,
CDCl3) 6 7.32 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 1.6 Hz, 1H), 7.25 — 7.16 (m, 2H), 7.07
(dd, J=8.4, 1.6 Hz, 1H), 7.00 — 6.94 (m, 1H), 6.88 (d, J = 8.4 Hz, 3H), 6.80 (d, J = 8.8
Hz, 2H), 4.36 (s, 2H), 3.78 (s, 3H), 2.95 (s, 3H), 2.29 (s, 3H); 3C NMR (100 MHz,
CDCIs) 6 159.9, 157.8, 154.2, 133.8, 133.6, 133.2, 130.4, 129.4, 122.2, 120.2, 117.0,
115.1,113.9, 113.7, 86.8, 85.7, 80.1, 67.0, 55.1, 42.9, 38.1, 20.4; IR (neat): 2957, 2930,
2838, 2243(s), 1606, 1487, 1363, 1035, 833, 521; HRESIMS Calcd for
[C26H23NNaO4S]* (M + Na*) 468.1240, found 468.1233.

N-((5-fluoro-2-phenoxyphenyl)ethynyl)-NV-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (10)



I\I/Is

N
F@K 1
I
OPh PMP

1o

The product 1o was afforded as a pale yellow oil (82%, 368.6 mg). *H NMR (400 MHz,
CDCl3) 6 7.32 (d, J = 8.8 Hz, 2H), 7.28 — 7.21 (m, 2H), 7.18 (dd, J = 8.4, 2.8 Hz, 1H),
7.05 — 6.92 (m, 3H), 6.92 — 6.86 (M, 2H), 6.82 (d, J = 8.8 Hz, 2H), 4.37 (s, 2H), 3.79
(s, 3H), 2.97 (s, 3H); 13C NMR (100 MHz, CDCls) & 160.0, 158.4 (d, J = 243.0 Hz),
157.6, 152.5 (d, J = 2.0 Hz), 133.3, 129.6, 122.6, 121.6 (d, J = 8.0 Hz), 119.4 (d, J =
25.0 Hz), 117.1 (d, J = 11.0 Hz), 117.0, 116.4 (d, J = 23.0 Hz), 113.9, 113.6, 87.0, 86.9,
79.9, 66.2 (d, J = 3.0 Hz) , 55.2, 42.9, 38.4; 9F NMR (376 MHz, CDCl3) & -118.5; IR
(neat): 2931, 2839, 2245(s), 1606, 1510, 1486, 1250, 1167, 833, 522; HRESIMS Calcd
for [C2sH20FNNaO4S]* (M + Na*) 472.0989, found 472.0984.

N-((5-chloro-2-phenoxyphenyl)ethynyl)-V-(3-(4-methoxyphenyl)prop-2-yn-1-
yl)methanesulfonamide (1p)

I\I/Is

N

OPh

PMP
1p

The product 1p was afforded as a pale yellow oil (87%, 405.3 mg). *H NMR (400 MHz,
CDCl3) § 7.46 (d, J = 2.4 Hz, 1H), 7.32 (d, J = 8.8 Hz, 2H), 7.30 — 7.26 (m, 2H), 7.22
(dd, J = 8.8, 2.4 Hz, 1H), 7.08 — 7.02 (m, 1H), 6.92 (d, J = 7.6 Hz, 2H), 6.89 (d, J = 8.8
Hz, 1H), 6.82 (d, J = 8.8 Hz, 2H), 4.41 (s, 2H), 3.81 (s, 3H), 3.03 (s, 3H); *C NMR
(100 MHz, CDCIs) ¢ 160.1, 157.1, 155.5, 133.3, 132.8, 129.7, 129.5, 128.7, 123.2,
120.8, 117.8, 116.9, 114.0, 113.7, 87.2, 87.0, 79.9, 66.2, 55.3, 43.0, 38.6; IR (neat):
3012, 2931, 2838, 2240(s), 1606, 1509, 1364, 1167, 834, 518; HRESIMS Calcd for
[C25H20CINNaO4S]* (M + Na*) 488.0694, found 488.0692.



N-((4-methoxy-2-phenoxyphenyl)ethynyl)-/V-(3-(4-methoxyphenyl)prop-2-yn-1-
yl)methanesulfonamide (1q)

I\I/Is

N

Br\(>\/ ﬂ|
OPh

PMP
1q

The product 1q was afforded as a pale yellow oil (60%, 306.2 mg). *H NMR (400 MHz,
CDCl3) § 7.61 (d, J = 2.4 Hz, 1H), 7.35 (dd, J = 8.8, 2.4 Hz, 1H), 7.32 (d, J = 8.8 Hz,
2H), 7.30 — 7.21 (m, 2H), 7.09 — 7.01 (m, 1H), 6.92 (d, J = 8.0 Hz, 2H), 6.81 (dd, J =
8.8, 2.4 Hz, 3H), 4.40 (s, 2H), 3.80 (s, 3H), 3.03 (s, 3H); 3C NMR (100 MHz, CDCls)
0 160.0, 156.9, 156.0, 135.7, 133.3, 132.4, 129.7, 123.2, 121.0, 117.8, 117.2, 115.9,
114.0, 113.6, 87.3, 87.0, 79.9, 66.0, 55.2, 42.9, 38.5; IR (neat): 2931, 2838, 2239(s),
1606, 1509, 1480, 1364, 1167, 834, 518; HRESIMS Calcd for [C2sH20BrNNaO4S]* (M
+ Na") 532.0189, found 532.0177.

N-((3-bromo-2-phenoxyphenyl)ethynyl)-/V-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (1r)

Br
1r
The product 1r was afforded as a pale yellow oil (62%, 316.0 mg). *H NMR (400 MHz,
CDCl3) 6 7.58 (dd, J = 8.0, 1.2 Hz, 1H), 7.44 (dd, J = 8.0, 1.2 Hz, 1H), 7.35 (d, J = 8.8
Hz, 2H), 7.22 — 7.14 (m, 2H), 7.09 — 7.02 (m, 1H), 6.98 — 6.91 (m, 1H), 6.85 (d, J = 8.8
Hz, 2H), 6.82 (d, J = 8.0 Hz, 2H), 4.28 (s, 2H), 3.79 (s, 3H), 2.80 (s, 3H); 3C NMR
(100 MHz, CDCIs) 6 160.0, 157.1, 151.9, 133.4, 133.3, 132.3, 129.4, 126.1, 122.0,
119.2, 117.8, 115.1, 114.0, 113.5, 87.3, 86.8, 79.9, 66.2, 55.2, 42.8, 38.3; IR (neat):



3012, 2931, 2838, 2238(s), 1606, 1509, 1363, 1167, 1034, 752; HRESIMS Calcd for
[CasH20BrNNaO4S]* (M + Na*) 532.0189, found 532.0181.

N-((2-chloro-6-phenoxyphenyl)ethynyl)-/V-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (15)

I\I/Is
Cl N
o |
I
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The product 1s was afforded as a pale yellow oil (67%, 312.2 mg). *H NMR (400 MHz,
CDCls) § 7.38 — 7.25 (m, 4H), 7.21 — 7.11 (m, 2H), 7.10 — 7.04 (m, 1H), 6.95 (d, J =
8.0 Hz, 2H), 6.88 — 6.74 (m, 3H), 4.44 (s, 2H), 3.78 (s, 3H), 3.12 (s, 3H); 3C NMR
(100 MHz, CDCIs) 6 160.0, 158.0, 156.6, 137.0, 133.3, 129.7, 129.0, 124.2, 123.4,
118.2, 117.1, 115.5, 113.9, 113.6, 91.0, 86.9, 79.9, 64.7, 55.2, 43.0, 38.5; IR (neat):
2931, 2838, 2239(s), 1606, 1509, 1480, 1364, 1167, 834, 518; HRESIMS Calcd for
[C25H20CINNaO4S]* (M + Na*) 488.0694, found 488.0692.

N-((5-bromo-2-phenoxyphenyl)ethynyl)-/V-(3-(4-methoxyphenyl)prop-2-yn-1-
yl)methanesulfonamide (1t)

I\I/Is

N

()\/
| |
OPh
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The product 1t was afforded as a pale yellow oil (77%, 390.9 mg). *H NMR (400 MHz,
CDCl3) § 7.50 (d, J = 7.2 Hz, 1H), 7.45 — 7.15 (m, 10H), 7.15 — 7.05 (m, 1H), 7.05 —
6.94 (m, 2H), 6.92 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 5.06 (s, 2H), 4.39 (s,
2H), 3.00 (s, 3H); *C NMR (100 MHz, CDCls) & 159.2, 157.4, 156.9, 136.4, 133.6,



133.3,129.7,129.6, 128.6, 128.1, 127.4, 123.8, 122.8, 119.8, 117.7, 115.3,114.9, 114.1,
86.8, 86.0, 80.2, 70.0, 67.0, 43.0, 38.3; IR (neat): 2927, 2239(s), 1604, 1508, 1485,
1363, 1232, 1167, 1037, 755; HRESIMS Calcd for [C31H2sNNaOsS]* (M + Na®)
530.1397, found 530.1391.

N-((2-phenoxyphenyl)ethynyl)-V-(3-(4-phenoxyphenyl)prop-2-yn-1-yl)methane-

sulfonamide (1u)

I\I/Is

N

Ej\/
| |
OPh
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The product 1u was afforded as a pale yellow oil (97%, 480.7 mg). *H NMR (400 MHz,
CDCls) & 7.48 (d, J = 7.6 Hz, 1H), 7.39 — 7.28 (m, 4H), 7.27 — 7.17 (m, 3H), 7.15 —
7.08 (m, 1H), 7.08 — 7.02 (m, 1H), 6.99 (d, J = 8.0 Hz, 3H), 6.91 (d, J = 8.0 Hz, 3H),
6.86 (d, J = 8.4 Hz, 2H), 4.38 (s, 2H), 2.98 (s, 3H); 3C NMR (100 MHz, CDCls) &
157.9,157.1, 156.7, 155.8, 133.4, 133.3, 129.7, 129.6, 129.4, 123.9, 123.6, 122.6, 119.5,
119.3, 117.9, 117.5, 115.9, 115.0, 86.2, 85.9, 80.8, 66.9, 42.6, 38.0; IR (neat): 3064,
3040, 2929, 2239(s), 1588, 1488, 1364, 1167, 869, 757; HRESIMS Calcd for
[C30H23NNaO4S]* (M + Na*) 516.1240, found 516.1224.

N-((2-phenoxyphenyl)ethynyl)-N-(3-(p-tolyl)prop-2-yn-1-yl)methanesulfonamide
(1v)

Me



1v

The product 1v was afforded as a pale yellow oil (99%, 413.3 mg). *H NMR (400 MHz,
CDCl3) 6 7.50 (dd, J = 7.6, 1.2 Hz, 1H), 7.34 — 7.20 (m, 5H), 7.14 — 7.06 (m, 3H), 7.06
—6.99 (M, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.92 (d, J = 7.6 Hz, 2H), 4.40 (s, 2H), 3.00 (s,
3H), 2.35 (s, 3H); 1*C NMR (100 MHz, CDCls) § 157.4, 156.9, 139.1, 133.6, 131.7,
129.7, 129.6, 129.1, 123.8, 122.7, 119.9, 118.7, 117.6, 115.3, 87.0, 86.0, 80.8, 67.0,
42.9, 38.3, 21.5; IR (neat): 3029, 2927, 2239(s), 1589, 1486, 11363, 1232, 1166, 757,
518; HRESIMS Calcd for [C2sH2:NNaO3S]*™ (M + Na*) 438.1134, found 438.1149.

N-(3-(4-(tert-butyl)phenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)-

methanesulfonamide (1w)

1w

The product 1w was afforded as a pale yellow oil (92%, 421.0 mg). *H NMR (400 MHz,
CDCl3) § 7.49 (dd, J = 7.6, 1.6 Hz, 1H), 7.38 — 7.28 (m, 4H), 7.28 — 7.18 (m, 3H), 7.12
—7.04 (m, 1H), 7.04 — 6.97 (m, 1H), 6.95 (dd, J = 8.4, 0.8 Hz, 1H), 6.93 — 6.87 (M, 2H),
4.39 (s, 2H), 3.00 (s, 3H), 1.30 (s, 9H); **C NMR (100 MHz, CDCls) § 157.3, 156.8,
152.2,133.5,131.5, 129.6, 129.5, 125.3, 123.7, 122.7, 119.7, 118.6, 117.6, 115.2, 86.9,
86.0, 80.8, 66.9, 42.8, 38.2, 34.7, 31.0; IR (neat): 2963, 2869, 2240(s), 1590, 1486,
1366, 1232, 1168, 756, 564; HRESIMS Calcd for [CosH27NNaOsS]* (M + Na‘)
480.1604, found 480.1589.

N-(3-(3,4-dimethoxyphenyl)prop-2-yn-1-yl)-NV-((2-phenoxyphenyl)ethynyl)-

methanesulfonamide (1x)
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The product 1x was afforded as a pale yellow oil (95%, 432.7 mg). *H NMR (400 MHz,
CDCl3) & 7.49 (d, J = 7.6 Hz, 1H), 7.29 — 7.20 (m, 4H), 7.19 — 7.14 (m, 1H), 7.12 —
7.04 (m, 1H), 7.04 — 6.97 (m, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H),
6.70 (d, J = 8.4 Hz, 1H), 4.38 (s, 2H), 3.79 (s, 3H), 2.99 (s, 3H), 2.16 (s, 3H); 3C NMR
(100 MHz, CDCIs) 6 158.2, 157.3, 156.7, 133.8, 133.5, 130.9, 129.6, 129.5, 126.7,
123.7,122.6, 119.7, 117.5, 115.3, 113.1, 109.6, 87.1, 86.1, 79.7, 66.8, 55.2, 42.9, 38.2,
15.9; IR (neat): 2929, 2837, 2238(s), 1604, 1502, 1363, 1241, 1167, 756, 517;
HRESIMS Calcd for [C2sH2sNNaO4S]* (M + Na*) 468.1240, found 468.1222.

N-(3-(3,4-dimethoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)-
methanesulfonamide (1y)

I\I/Is
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The product 1y was afforded as a pale yellow oil (96%, 443.0 mg). *H NMR (400 MHz,
CDCl3) 6 7.50 (dd, J = 7.6, 1.6 Hz, 1H), 7.32 — 7.19 (m, 3H), 7.14 — 7.05 (m, 1H), 7.05
—6.98 (M, 2H), 6.96 (d, J = 8.4 Hz, 1H), 6.94 — 6.87 (m, 3H), 6.76 (d, J = 8.4 Hz, 1H),
4.40 (s, 2H), 3.86 (s, 3H), 3.81 (s, 3H), 2.99 (s, 3H); 3C NMR (100 MHz, CDCls) &
157.2,156.6, 149.8, 148.4, 133.4, 129.6, 129.4, 125.1, 123.7,122.6, 119.7,117.4, 115.2,
114.2, 113.6, 110.8, 86.9, 86.0, 79.9, 66.8, 55.6, 42.7, 38.1; IR (neat): 2927, 2239(s),



1604, 1508, 1485, 1363, 1232, 1167, 1037, 755; IR (neat): 2933, 2837, 2238(s), 1598,
1514, 1486, 1363, 1167, 1025, 760; HRESIMS Calcd for [C26H2sNNaOsS]* (M + Na*)
484.1189, found 484.1197.

N-(3-(benzo[d][1,3]dioxol-5-yl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)-

methanesulfonamide (1z)

I\I/Is
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The product 1z was afforded as a pale yellow oil (92%, 409.9 mg). *H NMR (400 MHz,
CDCl3) 5 7.49 (dd, J = 8.0, 1.6 Hz, 1H), 7.31 — 7.21 (m, 3H), 7.13 — 7.05 (m, 1H), 7.05
—6.98 (M, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.93 — 6.86 (m, 3H), 6.81 (d, J = 1.6 Hz, 1H),
6.70 (d, J = 8.0 Hz, 1H), 5.94 (s, 2H), 4.38 (s, 2H), 2.99 (s, 3H); 3C NMR (100 MHz,
CDCIs) 6 157.3, 156.8, 148.3, 147.3, 133.5, 129.6, 129.5, 126.5, 123.7, 122.7, 119.7,
1175, 115.2, 114.7, 111.5, 108.3, 101.3, 86.7, 85.9, 79.8, 66.9, 42.8, 38.1; IR (neat):
3014, 2902, 2239(s), 1589, 1487, 1360, 1038, 924, 757, 518; HRESIMS Calcd for
[C2sH10NNaOsS]* (M + Na*) 468.0876, found 468.0891.

N-(3-(naphthalen-2-yl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)-

methanesulfonamide (1aa)

I\I/Is
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The product laa was afforded as a pale yellow oil (89%, 401.8 mg). *H NMR (400
MHz, CDClI3) 6 7.96 — 7.89 (m, 1H), 7.85—7.79 (m, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.57
—7.46 (M, 3H), 7.42 (dd, J = 8.4, 1.2 Hz, 1H), 7.32 — 7.25 (m, 1H), 7.23 — 7.17 (m, 2H),
7.14 — 7.07 (m, 1H), 7.02 — 6.95 (m, 2H), 6.95 — 6.88 (M, 2H), 4.47 (s, 2H), 3.04 (s,
3H); *C NMR (100 MHz, CDCls) § 157.4, 157.0, 133.7, 133.0, 132.8, 132.0, 129.8,
129.6,128.2,128.1,127.8,127.7,127.0, 126.7, 123.8, 122.8, 119.8, 119.0, 117.6, 115.3,
87.2, 86.0, 81.8, 67.1, 43.0, 38.4; IR (neat): 3062, 3014, 2901, 2239(s), 1589, 1445,
1360, 1167, 757, 518; HRESIMS Calcd for [C2sH2:NNaOsS]* (M + Na*) 474.1134,
found 474.1123.

N-((2-phenoxyphenyl)ethynyl)-NV-(3-(thiophen-3-yl)prop-2-yn-1-yl)-

methanesulfonamide (1ab)

lab

The product 1ab was afforded as a pale yellow oil (99%, 403.4 mg). *H NMR (400
MHz, CDCls) & 7.48 (dd, J = 7.6, 1.6 Hz, 1H), 7.41 — 7.35 (m, 1H), 7.31 — 7.18 (m,
4H), 7.11 - 7.05 (m, 1H), 7.05 — 6.97 (m, 2H), 6.97 — 6.93 (m, 1H), 6.90 (d, J = 7.6 Hz,
2H), 4.37 (s, 2H), 2.97 (s, 3H); 3C NMR (100 MHz, CDCls) § 157.2, 156.6, 133.4,
129.8, 129.6(3), 129.5(7), 129.5, 125.5, 123.7, 122.6, 120.6, 119.7, 117.4, 115.1, 85.9,
81.9, 81.1, 66.9, 42.7, 38.1; IR (neat): 3109, 3021, 2929, 2240(s), 1589, 1486, 1362,
1166, 757, 515; HRESIMS Calcd for [C22H17NNaOsS2]* (M + Na*) 430.0542, found
430.0527.

2. N-propargyl ynamides lac-laf were prepared according to the following

procedures.?



(0]

1 2 11l_OMe
) )S(P\OMQ (1.2 equiv)
N

ArOH (1.2 equiv) K3PO, (2 equiv) B
@o K,COs (1.2 equiv) @o MeOH, rt, 8 h Z
F  DMAC, 170 °C, 12 h OAr 2) NBS (1.2 equiv)

AgNO; (5 mol %) OAr
50'70(%) acetoney 0 °C’ 2h 70‘90%, 2 StepS
(one chromatography)
Ms
Br Cul (0.2 equiv) Ill
= . MsHN/\ DMEDA (0.4 equiv) =
R Cs,CO; (3 equiv) | |
OAr 1,4-dioxane, rt, 3 h OAr
R
(2 equiv) 1, 60-89%

To a solution of 2-fluorobenzaldehyde (5.0 mmol, 621 mg) in DMAC (7.5 mL) was
added K>COs3 (6 mmol, 830 mg) and ArOH (6.0 mmol) at rt , the mixture solution was
stirred at 170 € for 12 h. The mixture was filtered, extracted by EtOAc and
concentrated. The residue was purified by flash chromatography on silica gel (eluent:
hexanes/EtOAcC) to afford the desired product (50-70%).°

To a solution of above product (2.7 mmol) in MeOH (15 mL) was added K3PO4 (5.4
mmol, 1.15 g) and dimethyl(1-diazo-2-oxopropyl)phosphonate (3.2 mmol, 622 mg) in
sequence. The mixture solution was stirred at 25 <€ for 3-8 h. The mixture was filtered,
extracted by EtOAc and concentrated.? Then, NBS (3.2 mmol, 577 mg) and AgNOs
(0.14 mmol, 23 mg) were added to a solution of the above crude product in acetone (15
mL) at 0 € for about 1 h and the progress of the reaction was monitored by TLC. The
solution was then concentrated under a reduced pressure, filtered and washed with
hexanes, concentrated again under a reduced pressure to give the product without
further purification (70-90%, 2 steps).>

To adry flask was added Cul (0.2 mmol, 38 mg), DMEDA (0.4 mmol, 35 mg), Cs2CO3
(3 mmol, 977 mg), protected propargylamide derivative (1.0 mmol) and 1,4-dioxane (8
mL). To the mixture solution of the above product (2.0 mmol) was added. The reaction
was stirred at rt for 2-6 h until the reaction was complete monitored by TLC. Next, the

mixture solution was filtered and concentrated to afford the crude solid. The residue



was purified by chromatography on silica gel (eluent: hexanes/EtOACc) to afford the

desired product 1 (60-89%).*

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((2-(p-tolyloxy)phenyl)ethynyl)-
methanesulfonamide (1ac)

I\I/Is
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lac

The product lac was afforded as a pale yellow oil (89%, 396.5 mg). *H NMR (400
MHz, CDCl3) § 7.48 (dd, J = 7.6, 1.6 Hz, 1H), 7.31 (d, J = 8.8 Hz, 2H), 7.27 — 7.19 (m,
1H), 7.09 — 7.00 (m, 3H), 6.89 (dd, J = 8.4, 0.8 Hz, 1H), 6.84 (d, J = 8.4 Hz, 2H), 6.78
(d, J =8.8 Hz, 2H), 4.43 (s, 2H), 3.78 (s, 3H), 3.06 (s, 3H), 2.27 (s, 3H); 13C NMR (100
MHz, CDCIs) 6 160.0, 157.6, 154.9, 133.5, 133.2, 132.4, 130.0, 129.6, 123.2, 118.9,
118.0,114.7,113.9, 113.7,86.8, 85.8, 80.1, 67.1, 55.2,42.9, 38.2, 20.5; IR (neat): 2957,
2930, 2839, 2240(s), 1606, 1505, 1360, 1166, 1034, 775; HRESIMS Calcd for
[C26H23NNaO4S]* (M + Na*) 468.1240, found 468.1253.

N-((2-(4-methoxyphenoxy)phenyl)ethynyl)-/V-(3-(4-methoxyphenyl)prop-2-yn-1-

y)methanesulfonamide (1ad)

I\I/Is
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The product lad was afforded as a pale yellow oil (60%, 276.9 mg). *H NMR (400
MHz, CDCl3) & 7.47 (dd, J=7.6, 1.6 Hz, 1H), 7.31 (d, J = 8.8 Hz, 2H), 7.24 — 7.17 (m,



1H), 7.06 — 6.97 (m, 1H), 6.91 (d, J = 8.8 Hz, 2H), 6.86 — 6.71 (m, 5H), 4.48 (s, 2H),
3.78 (s, 3H), 3.74 (s, 3H), 3.13 (s, 3H); 13C NMR (100 MHz, CDCls) § 159.9, 158.4,
155.6, 150.4, 133.5, 133.2, 129.5, 122.8, 119.8, 117.8, 114.7, 114.0, 113.9, 113.7, 86.9,
85.7, 80.1, 67.2, 55.5, 55.2, 43.0, 38.2; IR (neat): 2933, 2837, 2239(s), 1606, 1508,
1363, 1227, 1167, 1034, 834; HRESIMS Calcd for [CasH2sNNaOsS]* (M + Na®)
484.1189, found 484.1174.

N-((4-chloro-2-phenoxyphenyl)ethynyl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yD)methanesulfonamide (1ae)

Ph

lae
The product 1lae was afforded as a pale yellow oil (76%, 385.8 mg). *H NMR (400
MHz, CDCls) § 7.51 (dd, J = 7.6, 1.2 Hz, 1H), 7.48 (d, J = 7.6 Hz, 2H), 7.46 (d, J = 8.8
Hz, 2H), 7.42 — 7.34 (m, 2H), 7.34 — 7.24 (m, 4H), 7.15 — 7.07 (m, 1H), 7.02 (d, = 8.0
Hz, 1H), 6.98 (d, J = 8.4 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 4.40 (s, 2H), 3.70 (s, 3H),
2.98 (s, 3H); 3C NMR (100 MHz, CDCls) § 160.0, 157.0, 156.7, 140.2, 135.6, 133.6,
133.2,129.7,128.7,128.2, 126.9, 126.6, 123.9, 120.0, 117.8, 115.4, 113.9, 113.6, 86.8,
86.2, 80.1, 66.9, 55.1, 42.9, 38.2; IR (neat): 3032, 2931, 2838, 2240(s), 1606, 1509,
1363, 1249, 1167, 764; HRESIMS Calcd for [CaiH2sNNaO4S]* (M + Na*) 530.1397,
found 530.1410.

N-((2-(4-chlorophenoxy)phenyl)ethynyl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yD)methanesulfonamide (1af)



Cl

laf

The product 1af was afforded as a pale yellow oil (81%, 377.4 mg). *H NMR (400 MHz,
CDCl3) 8 7.49 (d, J = 6.8 Hz, 1H), 7.37 — 7.24 (m, 3H), 7.17 (d, J = 8.8 Hz, 2H), 7.13
—7.05 (m, 1H), 6.94 (d, J = 8.4 Hz, 1H), 6.83 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz,
2H), 4.42 (s, 2H), 3.78 (s, 3H), 3.04 (s, 3H); 3C NMR (100 MHz, CDCls) § 160.0,
156.2, 156.0, 133.5, 133.1, 129.7,129.4, 127.5,124.1,119.8, 118.7, 115.3,113.9, 113.5,
86.8, 86.2, 79.9, 66.7, 55.1, 42.8, 38.2; IR (neat): 2932, 2839, 2240(s), 1606, 1486,
1360, 1166, 1034, 964, 761; HRESIMS Calcd for [CosH1sCINNaO4S]* (M + Na*)
488.0694, found 487.0688.

N-((2-(4-methoxyphenoxy)phenyl)ethynyl)-/V-(3-phenylprop-2-yn-1-
y)methanesulfonamide (1ag)

I\I/Is

N

(j\/
| |
OPMP

Ph
lag

The product lag was afforded as a pale yellow oil (80%, 345.2 mg). *H NMR (400
MHz, Acetone-ds) § 7.56 (dd, J = 8.0, 1.6 Hz, 1H), 7.52 — 7.46 (m, 2H), 7.45 — 7.31 (m,
4H), 7.17 — 7.10 (m, 1H), 7.03 — 6.94 (m, 4H), 6.91 (dd, J = 8.0, 1.2 Hz, 1H), 4.64 (s,
2H), 3.80 (s, 3H), 3.31 (s, 3H); 3C NMR (100 MHz, Acetone-ds) & 159.2, 156.8, 151.1,
134.3,132.5, 130.6, 129.8, 129.3, 123.8, 122.6, 120.6, 118.7, 115.7, 115.0, 87.1, 87.0,
82.9, 67.7, 55.9, 43.3, 38.6; IR (neat): 3009, 2932, 2836, 2239(s), 1505, 1444, 1166,



1035, 757, 517; HRESIMS Calcd for [C2sH21NNaO4S]* (M + Na®) 454.1083, found
454.1077.

N-(3-(2-methoxyphenyl)prop-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)methane-
sulfonamide (1ah)

I\I/Is
N

(j\/
| |
OPh

1ah

OMe

The product 1ah was afforded as a pale yellow oil (88%, 379.7 mg). *H NMR (400
MHz, CDCls) & 7.49 (d, J = 7.6 Hz, 1H), 7.37 — 7.17 (m, 5H), 7.08 (t, J = 7.6 Hz, 1H),
7.03 — 6.93 (m, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.88 — 6.81 (m, 2H), 4.43 (s, 2H), 3.77
(s, 3H), 3.09 (s, 3H); $3C NMR (100 MHz, CDCl3) & 160.2, 157.4, 156.8, 133.5(4),
133.4(8), 130.3, 129.6, 129.5, 123.7, 122.6, 120.4, 119.8, 117.6, 115.4, 111.0, 110.6,
86.2, 85.3, 83.4, 66.8, 55.4, 43.2, 38.1; IR (neat): 3016, 2931, 2838, 2239(s), 1595,
1447, 1163, 1024, 692, 518; HRESIMS Calcd for [C2sH2:NNaOS]* (M + Na‘)
454.1083, found 454.1074.

N-(but-2-yn-1-yl)-N-((2-phenoxyphenyl)ethynyl)methanesulfonamide (1ai)

CC |

Me

lai
The product 1ai was afforded as a pale yellow oil (94%, 319.0 mg). *H NMR (400 MHz,
CDCl3) 5 7.49 (dd, J = 7.6, 1.6 Hz, 1H), 7.34 — 7.23 (m, 3H), 7.14 — 7.07 (m, 1H), 7.04
(t, J = 7.6 Hz, 1H), 7.00 — 6.87 (m, 3H), 4.14 (q, J = 2.4 Hz, 2H), 2.96 (s, 3H), 1.78 (t,
J = 2.4 Hz, 3H); 3C NMR (100 MHz, CDCls) & 157.4, 156.6, 133.4, 129.6, 129.5,
123.8,122.6,119.9,117.4,115.4,86.1, 83.1, 71.6, 66.7, 42.4, 38.2, 3.4; IR (neat): 3022,



2926, 2239(s), 1959, 1595, 1486, 1166, 1032, 754, 518; HRESIMS Calcd for
[C1oH17NNaOsS]* (M + Na*) 362.0821, found 362.0814.

General procedure for the synthesis of racemic chromeno[3,4-c]pyrroles 2:

PG PG
N Cu(CH3CN)4PFg (10 mol %) N
R\ N = (+)-BINAP (12 mol %) R\ “ / P
| I NaBArF, (12 mol %) | ,
Z>oar! DCE, 40 °C, 12 h o P;f
Ar? Ar
1 2

The powered Cu(CH3zCN)4PFe (0.01 mmol, 3.7 mg), (3-BINAP (0.012 mmol, 7.5 mg)
and NaBAr™, (0.012 mmol, 10.6 mg) were introduced into a vials. After DCE (2 mL)
was injected into the vials, the solution was stirred at 40 € for 2 h. Then the N-
propargyl ynamide 1 (0.1 mmol) was introduced into the system subsequently. The
resulting mixture was stirred at 40 €€ and the progress of the reaction was monitored
by TLC. After concentration in vacuo, the residue was purified by flash
chromatography on silica gel (eluent: hexanes/ethyl acetate) to give the desired

chromeno[3,4-c]pyrrole 2.

4-(4-Methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole (2a)

,Ms
N

@

PMP
Ph

2a

)

Compound 2a was prepared in 99% yield (42.7 mg) according to the general procedure.
Pale yellow solid (mp 99-100 °C). *H NMR (400 MHz, CDCls) § 7.40 — 7.25 (m, 7H),
7.19(d, J=8.8 Hz, 2H), 7.14 - 7.08 (m, 1H), 7.03 (dd, J = 8.0, 0.8 Hz, 1H), 6.94 — 6.86
(m, 1H), 6.79 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 2.0 Hz, 1H), 3.75 (s, 3H), 3.14 (s, 3H);



13C NMR (100 MHz, CDCls) § 159.1, 152.4, 143.4 135.3, 129.0, 128.8, 128.6, 128.0,
127.7,127.5, 123.4, 122.0, 121.3, 118.9, 118.7, 117.6, 113.3(1), 113.2(7), 82.9, 55.2,
42.8; IR (neat): 3132, 3024, 2928, 1509, 1366, 1173, 1068, 769, 577; HRESIMS Calcd
for [C2sH21NNaO4S]* (M + Na*) 454.1083, found 454.1088.

N-(dibenzo[b,f]loxepin-10-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (2a’)

PMP———
\

_ N-Ms
L
2a’
Compound 2a’ was prepared in 15% yield (6.5 mg) according to the general procedure.
Pale yellow oil. 'H NMR (400 MHz, CDCl3) & 7.58 (dd, J = 7.6, 1.6 Hz, 1H), 7.42 —
7.30 (m, 4H), 7.25 — 7.17 (m, 5H), 7.17 — 7.10 (m, 1H), 6.84 (d, J = 8.8 Hz, 2H), 4.62
(s, 2H), 3.80 (s, 3H), 3.29 (s, 3H); 1*C NMR (100 MHz, CDCls) § 160.0, 158.0, 157.7,
138.1,133.2,131.4,130.8, 129.8, 129.4, 129.3, 128.1, 127.8, 125.2, 125.0, 121.7, 121.2,
114.1(0), 114.0(6), 86.1, 82.2, 55.3, 41.5, 40.4; IR (neat): 2924, 2852, 1605, 1509, 1446,
1345, 1248, 1153, 1031, 787; HRESIMS Calcd for [C2sH21NNaOS]* (M + Na®)
454.1083, found 454.1074.

4-(4-Methoxyphenyl)-4-phenyl-2-(propylsulfonyl)-2,4-dihydrochromeno|3,4-
c|pyrrole (2b)

2b
Compound 2b was prepared in 85% yield (39.1 mg) according to the general procedure.

Pale yellow solid (mp 77-78 °C). *H NMR (400 MHz, CDCls) § 7.39 — 7.24 (m, 7H),



7.19 (d, J = 8.8 Hz, 2H), 7.15 — 7.07 (m, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.95 — 6.86 (m,
1H), 6.79 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 2.0 Hz, 1H), 3.76 (s, 3H), 3.21 (t, J = 7.6 Hz,
2H), 1.79— 1.66 (M, 2H), 1.00 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCls)  159.1,
152.4, 143.4,135.4,129.0, 128.7, 128.2, 127.9, 127.7, 127.6, 123.4, 122.0, 121.0, 118.9,
118.8, 118.0, 113.6, 113.3, 83.0, 57.3, 55.2, 17.2, 12.6; IR (neat): 3133, 2963, 2927,
1608, 1510, 1469, 1163, 1063, 753, 700; HRESIMS Calcd for [C27H2sNNaO4S]* (M +
Na*) 482.1397, found 482.1388.

2-(Isopropylsulfonyl)-4-(4-methoxyphenyl)-4-phenyl-2,4-dihydrochromeno|3,4-
clpyrrole (2¢)

O\\s JPr
N ©

L

PMP

OPh

2¢

Compound 2c was prepared in 82% yield (37.7 mg) according to the general procedure.
Pale yellow solid (mp 66-67 °C). *H NMR (400 MHz, CDCls3) § 7.37 (dd, J = 7.6, 1.2
Hz, 1H), 7.33 (d, J = 2.0 Hz, 1H), 7.33 — 7.24 (m, 5H), 7.19 (d, J = 8.8 Hz, 2H), 7.14 —
7.08 (m, 1H), 7.06 — 7.01 (m, 1H), 6.94 — 6.87 (m, 1H), 6.79 (d, J = 8.8 Hz, 2H), 6.65
(d, 3 = 2.0 Hz, 1H), 3.76 (s, 3H), 3.48 — 3.34 (m, 1H), 1.32 (d, J = 6.8 Hz, 6H); 13C
NMR (100 MHz, CDCls) 6 159.1, 152.4, 143.4, 135.4,129.1, 128.7, 127.9(2), 127.9(1),
127.7,127.6, 123.4, 122.0, 120.6, 118.8, 118.7, 114.2, 113.2, 83.0, 56.9, 55.2, 16.4; IR
(neat): 3133, 2960, 2927, 1609, 1510, 1358, 1255, 1070, 708, 612; HRESIMS Calcd
for [C27H2sNNaO4S]* (M + Na*) 482.1397, found 482.1389.

2-((4-Bromophenyl)sulfonyl)-4-(4-methoxyphenyl)-4-phenyl-2,4-dihydro-
chromeno[3,4-c]pyrrole (2d)



2d

Compound 2d was prepared in 84% yield (48.1 mg) according to the general procedure.
Pale yellow solid (mp 70-71 °C). *H NMR (400 MHz, CDCls) & 7.69 (d, J = 8.8 Hz,
2H), 7.64 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 2.0 Hz, 1H), 7.33 (dd, J = 7.6, 1.2 Hz, 1H),
7.29 - 7.19 (m, 5H), 7.08 (d, J = 8.8 Hz, 3H), 6.99 (d, J = 7.6 Hz, 1H), 6.91 — 6.84 (m,
1H), 6.76 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 2.0 Hz, 1H), 3.76 (s, 3H); 3C NMR (100
MHz, CDCls) 6 159.1, 152.5, 143.1, 137.6, 135.1, 132.8, 129.4, 129.3, 129.0, 128.9,
128.2,127.9,127.8,127.6, 123.5, 122.1, 122.0, 118.8, 118.4, 118.2, 113.6, 113.2, 82.9,
55.2; IR (neat): 2961, 2925, 1574, 1509, 1470, 1376, 1176, 1065, 745, 591; HRESIMS
Calcd for [C30H22BrNNaO4S]™ (M + Na*) 594.0345, found 594.0329.

4-(4-Methoxyphenyl)-2-((4-nitrophenyl)sulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole (2e)

2e
Compound 2e was prepared in 93% yield (50.1 mg) according to the general procedure.
Pale yellow solid (mp 92-93 °C). *H NMR (400 MHz, CDCls) & 8.29 (d, J = 8.8 Hz,
2H), 7.98 (d, J = 8.8 Hz, 2H), 7.38 (d, J = 1.2 Hz, 1H), 7.32 (d, J = 7.2 Hz, 1H), 7.28 —
7.19 (m, 5H), 7.14 — 7.03 (m, 3H), 7.03 — 6.95 (m, 1H), 6.90 — 6.81 (m, 1H), 6.80 —
6.66 (M, 3H), 3.73 (s, 3H); 3C NMR (100 MHz, CDCls) 6 159.1, 152.4, 150.6, 143.8,
142.9,134.8,130.1, 129.2, 128.9, 128.1, 127.9, 127.8, 127.5, 124.6, 123.5, 122.6, 122.0,



118.9, 118.1, 113.5, 113.2, 82.9, 55.1; IR (neat): 2960, 2926, 1609, 1533, 1181, 1067,
741, 633; HRESIMS Calcd for [CaoH22N2NaOesS]"* (M + Na*) 561.1091, found
561.1076.

4-(4-Methoxyphenyl)-4-phenyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)-2.,4-

dihydrochromeno|3,4-c|pyrrole (2f)

Compound 2f was prepared in 95% yield (53.8 mg) according to the general procedure.
Pale yellow oil. 'H NMR (400 MHz, CDCls) & 7.95 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4
Hz, 2H), 7.39 (d, J = 2.0 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.27 — 7.19 (m, 5H), 7.08
(d, J = 8.8 Hz, 3H), 7.00 (d, J = 8.0 Hz, 1H), 6.91 — 6.83 (m, 1H), 6.74 (d, J = 8.8 Hz,
3H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCls) & 159.1, 152.5, 143.0, 142.0, 135.6 (q,
J =33.0 Hz), 134.9, 129.8, 129.1, 129.0, 127.9, 127.8, 127.5, 127.3, 126.6 (q, J = 4.0
Hz), 123.5, 122.9 (q, J = 272.0 Hz), 122.4, 122.0, 118.9, 118.3, 118.2, 113.6, 113.2,
82.9, 55.1; 19F NMR (376 MHz, CDCl3) § -63.3; IR (neat): 2959, 2926, 1609, 1509,
1381, 1323, 1179, 1063, 717, 633; HRESIMS Calcd for [Ca1H22FsNNaO4S]* (M + Na*)
584.1114, found 584.1101.

4-(4-Methoxyphenyl)-4-phenyl-2-tosyl-2,4-dihydrochromeno[3,4-c|pyrrole (2g)

Ts
/
N

Y
PMP
Ph

2g

/
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Compound 2g was prepared in 73% yield (37.0 mg) according to the general procedure.
Pale yellow solid (mp 154-155 °C). 'H NMR (400 MHz, CDCls) 6 7.72 (d, J = 8.4 Hz,
2H), 7.36 (d, J = 2.0 Hz, 1H), 7.32 (dd, J = 7.6, 1.2 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H),
7.27 —7.20 (m, 5H), 7.10 (d, J = 8.8 Hz, 2H), 7.08 — 7.04 (m, 1H), 6.99 (d, J = 7.6 Hz,
1H), 6.90 — 6.82 (m, 1H), 6.75 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 2.0 Hz, 1H), 3.75 (s,
3H), 2.41 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 159.0, 152.4, 145.2, 143.2, 135.8,
135.3,130.0,129.1, 128.7,127.9, 127.7,127.6, 126.8, 123.4,121.9, 121.5, 118.8, 118.7,
118.2, 113.6, 113.2, 83.0, 55.2, 21.6; IR (neat): 2958, 2925, 2853, 1610, 1509, 1374,
1174, 1066, 753, 671; HRESIMS Calcd for [C3iH2sNNaO4S]* (M + Na*) 530.1397,
found 530.1386.

4-(4-Methoxyphenyl)-2-((4-methoxyphenyl)sulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole (2h)

2h

Compound 2h was prepared in 53% yield (26.2 mg) according to the general procedure.
Pale yellow oil. *H NMR (400 MHz, CDCl3) 6 7.78 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 2.0
Hz, 1H), 7.33 (dd, J = 7.6, 1.2 Hz, 1H), 7.25 — 7.20 (m, 5H), 7.10 (d, J = 8.8 Hz, 2H),
7.07 (dd, J = 7.6, 2.0 Hz, 1H), 6.99 (dd, J = 8.8, 1.2 Hz, 1H), 6.96 (d, J = 8.8 Hz, 2H),
6.90 — 6.84 (m, 1H), 6.75 (d, J = 8.8 Hz, 2H), 6.72 (d, J = 2.0 Hz, 1H), 3.86 (s, 3H),
3.76 (s, 3H); 1*C NMR (100 MHz, CDCl3) & 163.9, 159.1, 152.4, 143.3, 135.3, 130.1,
129.2, 129.1, 128.6(4), 128.5(8), 127.9, 127.7, 127.6, 123.4, 121.9, 121.4, 118.8(0),
118.7(6), 118.1, 114.6, 113.6, 113.2, 83.0, 55.7, 55.2; IR (neat): 2960, 2928, 2840, 1594,
1469, 1166, 1065, 1034, 754, 603; HRESIMS Calcd for [Ca1H2sNNaOsS]* (M + Na*)
546.1346, found 546.1346.

4-(4-Methoxyphenyl)-7-methyl-2-(methylsulfonyl)-4-phenyl-2,4-



dihydrochromeno|3,4-c]pyrrole (2i)
Ms
N
Y%
PMP
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Compound 2i was prepared in 91% yield (40.5 mg) according to the general procedure.
Pale yellow oil. *"H NMR (400 MHz, CDCl3) 6 7.36 — 7.21 (m, 7H), 7.18 (d, J = 8.8 Hz,
2H), 6.89 — 6.83 (m, 1H), 6.78 (d, J = 8.8 Hz, 2H), 6.71 (d, J = 7.6 Hz, 1H), 6.67 (d, J
= 2.0 Hz, 1H), 3.74 (s, 3H), 3.11 (s, 3H), 2.25 (s, 3H); 3C NMR (100 MHz, CDCl3) &
159.0, 152.3, 143.5, 139.1, 135.5, 128.9, 128.4, 127.9, 127.6, 127.5, 123.1, 122.9, 121 .4,
119.2, 117.6, 115.7, 113.2, 112.8, 82.8, 55.1, 42.7, 21.4; IR (neat): 2958, 2927, 1735,
1610, 1509, 1252, 1171, 1067, 765, 561; HRESIMS Calcd for [C2sH23NNaO4S]* (M +
Na*) 468.1240, found 468.1226.

7-Methoxy-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno(3,4-c|pyrrole (2j)

Ms
N
Y

PMP
MeO oL,

/

2

Compound 2j was prepared in 90% yield (42.4 mg) according to the general procedure.
Pale yellow oil. '"H NMR (400 MHz, CDCl3) & 7.34 — 7.23 (m, 7H), 7.18 (d, J = 8.8 Hz,
2H), 6.79 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 2.0 Hz, 1H), 6.60 (d, J = 2.0 Hz, 1H), 6.49
(dd, J = 8.4, 2.4 Hz, 1H), 3.76 (s, 3H), 3.74 (s, 3H), 3.13 (s, 3H); 13C NMR (100 MHz,
CDCIs) 6 160.3, 159.1, 153.6, 143.4, 135.3, 129.0, 128.1, 128.0, 127.7, 127.5, 124.1,
121.4,117.6,113.3,112.1, 111.5, 108.6, 104.1, 83.2, 55.3, 55.2, 42.7; IR (neat): 2958,
2927, 2853, 1614, 1510, 1254, 1170, 1068, 765; HRESIMS Calcd for
[C26H2sNNaOsS]* (M + Na*) 484.1189, found 484.1175.



7-Fluoro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole (2k)
Ms
N
V.
PMP
F @) Ph

2k

/

Compound 2k was prepared in 93% yield (42.2 mg) according to the general procedure.
Pale yellow solid (mp 150-151 °C). *H NMR (400 MHz, CDCls) § 7.33 (d, J = 2.4 Hz,
1H), 7.32 — 7.26 (m, 6H), 7.17 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 6.76 (dd,
J=10.0, 2.4 Hz, 1H), 6.70 (d, J = 2.4 Hz, 1H), 6.67 — 6.59 (m, 1H), 3.76 (s, 3H), 3.16
(s, 3H); C NMR (100 MHz, CDCls) § 162.7 (d, J = 245.0 Hz), 159.2, 153.6 (d, J =
12.0 Hz), 143.0, 134.9, 129.0, 128.0, 127.9(0), 127.8(7), 127.4, 124.3 (d, J = 10.0 Hz),
120.6, 117.7, 115.1 (d, J = 3.0 Hz), 113.3, 112.9, 109.4 (d, J = 22.0 Hz), 106.4 (d, J =
24.0 Hz), 83.6, 55.2, 42.9; 1°F NMR (376 MHz, CDCl3) 5 -111.6; IR (neat): 2959, 2929,
1609, 1510, 1367, 1172, 1068, 984, 769, 509; HRESIMS Calcd for [C2sH20FNNaO4S]*
(M + Na") 472.0989, found 472.0975.

7-Chloro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole (21)

,Ms
N

L

PMP

Cl O Ph

21
Compound 2l was prepared in 90% yield (42.0 mg) according to the general procedure.
Pale yellow oil. 'H NMR (400 MHz, CDCls) § 7.36 (d, J = 2.0 Hz, 1H), 7.33 - 7.27 (m,
5H), 7.26 (d, J = 7.2 Hz, 1H), 7.16 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 2.0 Hz, 1H), 6.89
(dd, J = 8.0, 2.0 Hz, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 2.0 Hz, 1H), 3.76 (s,
3H), 3.17 (s, 3H); $3C NMR (100 MHz, CDCls) § 159.2, 153.0, 143.0, 134.9, 133.7,
129.0, 128.1, 128.0, 127.9, 127.4, 124.1, 122.4, 120.4, 119.2, 117.8, 117.4, 113.4(2),



113.3(5), 83.5, 55.2, 42.9; IR (neat): 2959, 2929, 1609, 1510, 1255, 1172, 1033, 984,
768, 701; HRESIMS Calcd for [C2sH20CINNaO4S]™ (M + Na*) 488.0694, found
488.0690.

7-Bromo-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno[3,4-c]pyrrole (2m)

,Ms
N

L

PMP

Br (e} Ph

2m

Compound 2m was prepared in 88% yield (45.0 mg) according to the general procedure.
Pale yellow solid (mp 109-110 €). *H NMR (400 MHz, CDCls3) § 7.37 (d, J = 2.0 Hz,
1H), 7.33 — 7.26 (m, 5H), 7.22 (d, J = 8.4 Hz, 1H), 7.20 (d, J = 2.0 Hz, 1H), 7.15 (d, J
= 8.8 Hz, 2H), 7.04 (dd, J = 8.4, 2.0 Hz, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 2.0
Hz, 1H), 3.77 (s, 3H), 3.17 (s, 3H); 3C NMR (100 MHz, CDCl3) § 159.2, 153.1, 143.0,
134.9, 129.0, 128.1, 128.0, 127.9, 127.4, 125.2, 124.4, 122.0, 121.4, 120.5, 117.8(1),
117.7(7), 113.5, 113.4, 83.5, 55.2, 42.9; IR (neat): 2957, 2928, 1608, 1510, 1466, 1368,
1253, 1172, 1070, 770; HRESIMS Calcd for [C25H20BrNNaO4S]* (M + Na*) 532.0189,
found 532.0180.

4-(4-Methoxyphenyl)-8-methyl-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole (2n)
Ms
N
V.
PMP

Ph

/

Me

o)
2n
Compound 2n was prepared in 84% yield (35.6 mg) according to the general procedure.
Pale yellow solid (mp 86-87 °C). *H NMR (400 MHz, CDCls) & 7.40 — 7.26 (m, 6H),
7.19 (d, J = 8.8 Hz, 3H), 6.95-6.90 (m, 2H), 6.79 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 2.0



Hz, 1H), 3.76 (s, 3H), 3.16 (s, 3H), 2.24 (s, 3H); 1*C NMR (100 MHz, CDCls) § 159.1,
150.3, 143.5, 135.4, 131.3, 129.6, 129.0, 128.8, 128.0, 127.7, 127.5, 123.7, 121.5, 118.6,
118.3, 117.6, 113.3, 113.2, 82.8, 55.2, 42.9, 20.7; IR (neat): 2960, 2927, 1609, 1509,
1366, 1255, 1171, 1069, 769, 507; HRESIMS Calcd for [C2sH2sNNaO4S]* (M + Na*)
468.1240, found 468.1225.

8-Fluoro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydro-

chromeno[3,4-c]pyrrole (20)
,Ms
N
%
PMP
(0]

Ph

/

20

Compound 20 was prepared in 80% yield (39.6 mg) according to the general procedure.
Pale yellow solid (mp 155-156 °C). '"H NMR (400 MHz, CDCls) & 7.44 —7.34 (m, 1H),
7.31-7.21 (m, 5H), 7.17 (d, J = 8.8 Hz, 2H), 7.04 (dd, J = 8.4, 2.8 Hz, 1H), 6.97 (dd,
J=8.8,4.8 Hz, 1H), 6.79 (d, J = 8.8 Hz, 3H), 6.73 — 6.66 (m, 1H), 3.75 (s, 3H), 3.16
(s, 3H); 3C NMR (100 MHz, CDCl3) § 159.1, 157.8 (d, J = 238.0 Hz), 148.4, 143.1,
135.0, 129.0, 128.4, 128.0, 127.8, 127.5, 120.8 (d, J = 2.0 Hz), 120.0 (d, J = 8.0 Hz),
119.7 (d,J=8.0 Hz), 117.7, 115.3 (d, J=24.0 Hz), 113.9, 113.3, 109.6 (d, J = 24.0 Hz),
83.1, 55.2, 42.9; F NMR (376 MHz, CDCl;) § -121.2; IR (neat): 2958, 2930, 1609,
1510, 1478, 1369, 1176, 1068, 770, 508; HRESIMS Calcd for [C2sH20FNNaO4S]" (M
+Na") 472.0989, found 472.0975.

8-Chloro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydro-

chromeno[3,4-c]pyrrole (2p)
Ms

Cl
PMP
Ph

2p



Compound 2p was prepared in 92% yield (42.9 mg) according to the general procedure.
Pale yellow solid (mp 94-95 €). 'H NMR (400 MHz, CDCls) § 7.38 (d, J = 2.0 Hz,
1H), 7.34 (d, J = 2.0 Hz, 1H), 7.32 — 7.25 (m, 5H), 7.16 (d, J = 8.8 Hz, 2H), 7.05 (dd,
J=8.8, 2.4 Hz, 1H), 6.96 (d, J = 8.8 Hz, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 2.0
Hz, 1H), 3.77 (s, 3H), 3.18 (s, 3H); 3C NMR (100 MHz, CDCls) § 159.2, 151.0, 143.0,
134.9,129.0, 128.5, 128.2, 128.0, 127.9, 127.5, 126.9, 123.2, 120.4, 120.2(1), 120.1(9),
117.8, 113.8, 113.3, 83.3, 55.2, 43.0; IR (neat): 3135, 2930, 1609, 1510, 1369, 1172,
1067, 983, 770, 531; HRESIMS Calcd for [C2sH20CINNaO4S]* (M + Na*) 488.0694,
found 488.0688.

8-Bromo-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydro-

chromeno(3,4-c]pyrrole (2q)
Ms
N
V
PMP

Ph

/

Br:

o)

2q
Compound 2q was prepared in 85% yield (43.4 mg) according to the general procedure.
Pale yellow solid (mp 101-102 <€). *H NMR (400 MHz, CDCls3) § 7.48 (d, J = 2.0 Hz,
1H), 7.38 (d, J = 2.0 Hz, 1H), 7.33 — 7.26 (m, 5H), 7.19 (dd, J = 8.8, 2.0 Hz, 1H), 7.16
(d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 2.0
Hz, 1H), 3.77 (s, 3H), 3.18 (s, 3H); 3C NMR (100 MHz, CDCl3) § 159.2, 151.5, 143.0,
134.9,131.4,129.0,128.2, 128.0, 127.9, 127.5, 126.1, 120.7(3), 120.6(5), 120.2, 117.8,
114.3, 113.8, 113.3, 83.3, 55.2, 43.0; IR (neat): 3134, 2930, 1609, 1510, 1368, 1252,
1172, 1067, 770, 701; HRESIMS Calcd for [C2sH20BrNNaO4S]* (M + Na*) 532.0189,

found 532.0176.

6-Bromo-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-
dihydrochromeno|3,4-c]pyrrole (2r)



,Ms
N

/ g
PMP

oPh

Br
2r
Compound 2r was prepared in 72% yield (36.7 mg) according to the general procedure.
Pale yellow solid (mp 202-203 <€). *H NMR (400 MHz, CDCl3) § 7.41 —7.36 (m, 3H),
7.36 — 7.24 (m, 7H), 6.82 — 6.73 (m, 4H), 3.75 (s, 3H), 3.15 (s, 3H); *C NMR (100
MHz, CDCl3) 6 159.1, 149.2, 143.0, 134.9, 132.1, 128.8, 128.1, 128.0, 127.8, 127.2,
122.9,122.3,120.8,120.4,117.6,113.9, 113.3, 113.0, 84.1, 55.1, 42.9; IR (neat): 3133,
2929, 1608, 1510, 1437, 1368, 1174, 1064, 771; HRESIMS Calcd for
[C25H20BrNNaO4S]* (M + Na*) 532.0189, found 532.0180.

9-Chloro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c]pyrrole (2s)

PMP

oPh

2s

Compound 2s was prepared in 54% yield (25.2 mg) according to the general procedure.
Pale yellow solid (mp 78-79 <€). 'H NMR (400 MHz, CDCls) § 7.95 (d, J = 2.0 Hz,
1H), 7.33 — 7.26 (m, 5H), 7.16 (d, J = 8.8 Hz, 2H), 7.04 — 6.93 (m, 3H), 6.80 (d, J = 8.8
Hz, 2H), 6.69 (d, J = 2.0 Hz, 1H), 3.76 (s, 3H), 3.19 (s, 3H); 13C NMR (100 MHz,
CDCIs) 6 159.2, 153.7, 142.9, 134.8, 130.9, 129.0, 128.7, 128.2, 128.0, 127.9, 127.5,
123.6, 118.2(7), 118.2(5), 117.7, 117.6, 116.9, 113.3, 82.9, 55.2, 42.9; IR (neat): 3059,
2929, 1608, 1509, 1370, 1252, 1173, 1069, 983, 771; HRESIMS Calcd for
[C25H20CINNaO4S]* (M + Na*) 488.0694, found 488.0684.

4-(4-(Benzyloxy)phenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-



c]pyrrole (2t)

,Ms
N

/

CrL Lo
© Ph
2t

Compound 2t was prepared in 92% yield (41.4 mg) according to the general procedure.
Pale yellow solid (mp 93-94 €). *H NMR (400 MHz, CDCls) § 7.43 — 7.29 (m, 8H),
7.29 - 7.21 (m, 3H), 7.19 (d, J = 8.8 Hz, 3H), 7.10 — 7.04 (m, 1H), 7.02 (d, J = 7.6 Hz,
1H), 6.93 — 6.77 (m, 3H), 6.70 (d, J = 2.0 Hz, 1H), 4.94 (s, 2H), 2.99 (s, 3H); °C NMR
(100 MHz, CDCl3) 6 158.3, 152.3, 143.3, 136.7, 135.5, 128.9, 128.7, 128.5, 128.3,
127.9(1), 127.8(9), 127.7, 127.4(3), 127.4(0), 123.3, 122.0, 121.1, 118.8, 118.6, 117.5,
114.1, 113.3, 82.9, 69.9, 42.6; IR (neat): 3032, 2927, 2855, 1738, 1606, 1508, 1367,
1069, 983, 769; HRESIMS Calcd for [C31H2sNNaO4S]™ (M + Na*) 530.1397, found
530.1391.

2-(Methylsulfonyl)-4-(4-phenoxyphenyl)-4-phenyl-2,4-dihydrochromeno(3,4-

c]pyrrole (2u)

,Ms
N

/

O / OPh
O bh
2u

Compound 2u was prepared in 93% yield (45.9 mg) according to the general procedure.
Pale yellow solid (mp 91-92 €). 'H NMR (400 MHz, CDCl3) § 7.40 — 7.35 (m, 2H),
7.35—7.26 (m, 7H), 7.24 (d, J = 8.8 Hz, 2H), 7.15 — 7.07 (m, 2H), 7.04 (dd, J = 8.0,
0.8 Hz, 1H), 7.02 — 6.97 (m, 2H), 6.93 (dd, J = 7.2, 1.2 Hz, 1H), 6.88 (d, J = 8.8 Hz,
2H), 6.72 (d, J = 2.4 Hz, 1H), 3.15 (s, 3H); 3C NMR (100 MHz, CDCls) § 157.1, 156.5,
152.3,143.1, 137.8, 129.7,129.2, 128.9, 128.3, 128.0, 127.8, 127.5, 123.6, 123.4, 122.1,
121.2,119.4,118.9, 118.6, 117.7, 117.6, 113.4, 82.9, 42.9; IR (neat): 2961, 2926, 2854,



1588, 1489, 1235, 1173, 1069, 753, 696; HRESIMS Calcd for [C30H23NNaO4S]* (M +
Na") 516.1240, found 516.1241.

2-(Methylsulfonyl)-4-phenyl-4-(p-tolyl)-2,4-dihydrochromeno|[3,4-c]pyrrole (2v)
Ms

CL o™

° ph

2v
Compound 2v was prepared in 74% yield (30.8 mg) according to the general procedure.
Pale yellow solid (mp 187-188 <€). *H NMR (400 MHz, CDCls) & 7.40 — 7.34 (m, 2H),
7.34—7.23 (m, 5H), 7.18 (d, J = 8.0 Hz, 2H), 7.14 — 7.09 (m, 1H), 7.08 (d, J = 8.0 Hz,
2H), 7.04 (dd, J = 8.0, 1.2 Hz, 1H), 6.94 — 6.86 (m, 1H), 6.71 (d, J = 2.0 Hz, 1H), 3.13
(s, 3H), 2.30 (s, 3H); 3C NMR (100 MHz, CDCl3) § 152.4, 143.3, 140.2, 137.5, 128.8,
128.7,128.4,128.0,127.7,127.5, 123.4, 122.0, 121.3, 118.9, 118.7, 117.7, 113.3, 83.1,
42.8, 21.0; IR (neat): 3026, 2958, 2926, 1470, 1367, 1174, 1069, 769, 576; HRESIMS

Calcd for [C2sH21NNaOsS]* (M + Na*) 438.1134, found 438.1120.

4-(4-(tert-butyl)phenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole (2w)

Lo
OPh

2w
Compound 2w was prepared in 75% yield (34.3 mg) according to the general procedure.
Pale yellow solid (mp 99-100 <€). *H NMR (400 MHz, CDClz) § 7.38 — 7.34 (m, 2H),
7.33-7.26 (m, 5H), 7.25 - 7.17 (m, 4H), 7.16 — 7.08 (m, 1H), 7.05 (d, J = 7.6 Hz, 1H),
6.94 — 6.86 (m, 1H), 6.73 (d, J = 2.0 Hz, 1H), 3.13 (s, 3H), 1.28 (s, 9H); 13C NMR (100
MHz, CDCls) 6 152.5, 150.6, 143.2, 140.2, 128.8, 128.4, 127.9, 127.7, 127.6, 127.2,
124.9,123.4,122.0, 121.3, 118.9, 118.6, 117.7, 113.3, 83.1, 42.8, 34.5, 31.3; IR (neat):



2960, 2855, 1600, 1470, 1266, 1069, 983, 794; HRESIMS Calcd for [C2sH2zNNaOsS]*
(M + Na*) 480.1604, found 480.1590.

4-(3,4-Dimethoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-

clpyrrole (2x)

Ms
N
[ VY
Cr o
o Ph Me
2x

Compound 2x was prepared in 83% yield (37.0 mg) according to the general procedure.
Pale yellow solid (mp 184-185 <€). 'H NMR (400 MHz, CDCls) § 7.40 — 7.20 (m, 7H),
7.15—7.07 (m, 2H), 7.03 (d, J = 8.0 Hz, 1H), 7.01 — 6.94 (m, 1H), 6.93 — 6.84 (m, 1H),
6.70 (d, J = 1.6 Hz, 1H), 6.67 (d, J = 8.8 Hz, 1H), 3.76 (s, 3H), 3.10 (s, 3H), 2.13 (s,
3H); *C NMR (100 MHz, CDCls) § 157.3, 152.5, 143.5, 134.8, 129.9, 128.8, 128.6,
127.9,127.6,127.5,126.3,126.1, 123.3,122.0,121.3,118.9, 118.7,117.7,113.3, 108.9,
83.0,55.2,42.8, 16.4; IR (neat): 2926, 2853, 1608, 1505, 1367, 1255, 1173, 1069, 982,
750; HRESIMS Calcd for [C26H2sNNaO4S]" (M + Na*) 468.1240, found 468.1227.

4-(3,4-Dimethoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole (2y)
Ms
N
/
S8duey
© Ph OMe
2y

Compound 2y was prepared in 93% yield (42.9 mg) according to the general procedure.
Pale yellow solid (mp 90-91 €). 'H NMR (400 MHz, CDCls) § 7.44 — 7.25 (m, 7H),
7.15—7.09 (m, 1H), 7.05 (dd, J = 8.4, 0.8 Hz, 1H), 6.99 (d, J = 2.0 Hz, 1H), 6.94 — 6.87
(m, 1H), 6.74 — 6.67 (m, 2H), 6.64 (dd, J = 8.4, 2.0 Hz, 1H), 3.82 (s, 3H), 3.76 (s, 3H),
3.13 (s, 3H); 13C NMR (100 MHz, CDCls) & 152.4, 148.6(4), 148.5(8), 143.2, 135.6,



128.8,128.5,127.9,127.8, 127.5,123.4,122.1, 121.2, 120.5, 118.8, 118.7, 117.6, 113.3,
111.0, 110.0, 83.1, 55.8, 55.7, 42.8; IR (neat): 3022, 2929, 2837, 1738, 1600, 1514,
1367, 1173, 1070, 753; HRESIMS Calcd for [C26H2sNNaOsS]* (M + Na*) 484.1189,
found 484.1178.

4-(Benzo[d][1,3]dioxol-5-yl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno-

[3,4-c]pyrrole (2z)

,Ms
N
//
CLRCs
© bn O
2z

Compound 2z was prepared in 95% yield (42.7 mg) according to the general procedure.
Pale yellow solid (mp 74-75 €). 'H NMR (400 MHz, CDCls) § 7.40 — 7.25 (m, 7H),
7.15-7.08 (m, 1H), 7.03 (d, J = 7.6 Hz, 1H), 6.94 — 6.89 (m, 1H), 6.87 — 6.82 (m, 1H),
6.71 (d, J = 2.0 Hz, 1H), 6.68 — 6.62 (m, 2H), 5.90 (s, 2H), 3.14 (s, 3H); 3C NMR (100
MHz, CDCls) 6 152.2, 147.6, 147.2, 143.2, 137.2, 128.8, 128.3, 128.0, 127.8, 127.4,
123.4,122.1, 1215, 121.2,118.9, 118.7, 117.7, 113.4, 108.4, 107.3, 101.1, 83.0, 42.8;
IR (neat): 2955, 2925, 1738, 1601, 1487, 1367, 1173, 1068, 1038, 756; HRESIMS
Calcd for [C2sH19NNaOsS]* (M + Na*) 468.0876, found 468.0867.

2-(Methylsulfonyl)-4-(naphthalen-2-yl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole (2aa)

2aa

Compound 2aa was prepared in 87% vyield (39.3 mg) according to the general
procedure. Pale yellow solid (mp 117-118 €). 'H NMR (400 MHz, CDCls) § 7.83 —
7.69 (m, 3H), 7.65 — 7.58 (m, 1H), 7.53 (dd, J = 8.8, 2.0 Hz, 1H), 7.48 — 7.42 (m, 2H),



7.41(d, J = 2.0 Hz, 1H), 7.39 — 7.34 (m, 3H), 7.33 — 7.25 (m, 3H), 7.15 — 7.05 (m, 2H),
6.94—6.86 (M, 1H), 6.75 (d, J = 2.0 Hz, 1H), 3.13 (s, 3H); 3C NMR (100 MHz, CDCl5)
6 152.3, 143.1, 140.6, 132.8, 132.6, 128.9, 128.4, 128.1, 128.0, 127.9, 127.5(3),
127.4(7), 126.7, 126.4, 126.2, 125.6, 123.4, 122.2, 121.3, 118.9, 118.7, 117.8, 113.5,
83.2,42.9; IR (neat): 3058, 2928, 1600, 1368, 1174, 1069, 770, 574, HRESIMS Calcd
for [C2sH21NNaOsS]* (M + Na*) 474.1134, found 474.1119.

2-(Methylsulfonyl)-4-phenyl-4-(thiophen-3-yl)-2,4-dihydrochromeno|3,4-

c|pyrrole (2ab)

2ab

Compound 2ab was prepared in 71% yield (29.0 mg) according to the general
procedure. Pale yellow oil. *H NMR (400 MHz, CDCl3) § 7.41 — 7.34 (m, 4H), 7.33 —
7.25 (m, 3H), 7.24 — 7.20 (m, 1H), 7.16 — 7.09 (m, 1H), 7.07 — 7.00 (m, 2H), 6.96 —
6.88 (m, 2H), 6.76 (d, J = 2.0 Hz, 1H), 3.14 (s, 3H); 3C NMR (100 MHz, CDCl3) &
152.2,144.9,142.7,128.9, 128.3,128.1, 127.9, 127.3,127.1,125.9, 124.3,123.4, 122 .2,
121.1,118.7, 118.5, 117.1, 113.3, 80.8, 42.8; IR (neat): 2960, 2926, 2854, 1599, 1470,
1367, 1172, 1069, 765; HRESIMS Calcd for [C22H17NNaOsS;]* (M + Na*) 430.0542,
found 430.0524.

4-(4-Methoxyphenyl)-2-(methylsulfonyl)-4-(p-tolyl)-2,4-dihydrochromeno|3,4-

c|pyrrole (2ac)




2ac

Compound 2ac was prepared in 87% yield (35.2 mg) according to the general procedure.
Pale yellow solid (mp 156-157 ). *H NMR (400 MHz, CDCls) § 7.39 — 7.32 (m, 2H),
7.23-7.15 (m, 4H), 7.13 — 7.05 (m, 3H), 7.02 (d, J = 8.0 Hz, 1H), 6.92 — 6.86 (m, 1H),
6.78 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 1.6 Hz, 1H), 3.74 (s, 3H), 3.11 (s, 3H), 2.30 (s,
3H); 3C NMR (100 MHz, CDCls) § 159.0, 152.5, 140.4, 137.4, 135.5, 128.9, 128.7(7),
128.7(5), 128.7, 127.5, 123.3, 122.0, 121.3, 118.9, 118.7, 117.6, 113.3, 113.2, 82.9,
55.1,42.8, 21.0; IR (neat): 3025, 2927, 2854, 1608, 1510, 1367, 1254, 1174, 1070, 765;
HRESIMS Calcd for [C2sH2sNNaO4S]* (M + Na*) 468.1240, found 468.1226.

4,4-Bis(4-methoxyphenyl)-2-(methylsulfonyl)-2,4-dihydrochromeno[3,4-c|pyrrole

(2ad)

,Ms
N

L

PMP
PMP

2ad

)

Compound 2ad was prepared in 90% vyield (41.5 mg) according to the general
procedure. Pale yellow solid (mp 117-118 €). *H NMR (400 MHz, CDCls) § 7.40 —
7.33 (m, 2H), 7.21 (d, J = 8.8 Hz, 4H), 7.15 — 7.07 (m, 1H), 7.02 (d, J = 7.2 Hz, 1H),
6.93 — 6.87 (m, 1H), 6.80 (d, J = 8.8 Hz, 4H), 6.68 (d, J = 2.4 Hz, 1H), 3.76 (s, 6H),
3.15 (s, 3H); 3C NMR (100 MHz, CDCls) § 159.0, 152.5, 135.5, 128.9, 128.8, 123.3,
122.0, 121.4, 118.9, 118.7, 117.5, 113.2, 82.8, 55.2, 42.8; IR (neat): 2956, 2930, 2837,
1608, 1509, 1367, 1252, 1174, 1069, 769; HRESIMS Calcd for [C2sH23NNaOsS]* (M
+ Na") 484.1189, found 484.1178.

4-([1,1'-Biphenyl]-4-yl)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-2,4-

dihydrochromeno|[3,4-c|pyrrole (2ae)



2ae

Compound 2ae was prepared in 52% yield (26.4 mg) according to the general procedure.
Pale yellow solid (mp 200-201 <€). *H NMR (400 MHz, CDCls3) § 7.54 (d, J = 8.0 Hz,
2H), 7.51 (d, J = 8.0 Hz, 2H), 7.44 — 7.34 (m, 6H), 7.34 — 7.28 (m, 1H), 7.24 (d, J = 8.8
Hz, 2H), 7.15 — 7.09 (m, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.95 — 6.87 (m, 1H), 6.80 (d, J
= 8.8 Hz, 2H), 6.77 — 6.71 (m, 1H), 3.74 (s, 3H), 3.12 (s, 3H); 3C NMR (100 MHz,
CDCl3) 6 159.1, 152.4, 142.4, 140.5, 135.2, 129.0, 128.8, 128.7, 128.5, 127.9, 127.3,
127.0, 126.7, 123.4, 122.1, 121.3, 118.9, 118.6, 117.6, 113.3(4), 113.3(1), 82.8, 55.1,
42.8; IR (neat): 3029, 2926, 2854, 1607, 1506, 1471, 1259, 1069, 1034, 764; HRESIMS
Calcd for [C31H2sNNaO4S]* (M + Na*) 530.1397, found 530.1386.

4-(4-Chlorophenyl)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-2,4-

dihydrochromeno[3,4-c|pyrrole (2af)

2af

Compound 2af was prepared in 85% yield (39.6 mg) according to the general procedure.
Pale yellow solid (mp 88-89 €). 'H NMR (400 MHz, CDCls) § 7.37 (d, J = 8.0 Hz,
2H), 7.28 — 7.22 (m, 4H), 7.18 (d, J = 8.8 Hz, 2H), 7.15— 7.08 (m, 1H), 7.01 (d, J = 8.0
Hz, 1H), 6.95 — 6.88 (m, 1H), 6.80 (d, J = 8.8 Hz, 2H), 6.70 — 6.66 (m, 1H), 3.76 (s,
3H), 3.17 (s, 3H); 3C NMR (100 MHz, CDCl3) § 159.2, 152.2, 142.0, 134.9, 133.7,



129.0, 128.9(1), 128.8(6), 128.2,123.4,122.3,121.2, 118.8, 118.6, 117.5, 113.5, 113 .4,
82.5, 55.2, 42.9; IR (neat): 3010, 2929, 2854, 1608, 1510, 1367, 1174, 1070, 765;
HRESIMS Calcd for [C2sH20CINNaO4S]* (M + Na*) 488.0694, found 488.0681.

General procedure for the synthesis of chiral chromeno[3,4-c]pyrroles (+)-2:

PG
N Cu(CHsCN),PFg (10 mol %)
=Z L14 (12 mol %)
| | NaBAr", (12 mol %)
oA 1, PhCF, 40 °C, 12 h
1 (+)-2

The powered Cu(CH3sCN)4PFs (0.01 mmol, 3.7 mg), L14 (0.012 mmol, 8.0 mg) and
NaBAr",; (0.012 mmol, 10.6 mg) were introduced into a vial. After PhCF3 (2 mL) was
injected into the vial, the solution was stirred at 40 €€ for 2 h. Then, the N-propargyl
ynamide 1 (0.1 mmol) was introduced into the system subsequently. The resulting
mixture was stirred at 40 <€ and the progress of the reaction was monitored by TLC.
After concentration in vacuo, the residue was purified by flash chromatography on
silica gel (eluent: hexanes/ethyl acetate) to give the desired chiral chromenol[3,4-

C]pyrrole (+)-2.

(R)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole ((+)-2a)

(+)-2a

Compound (+)-2a was prepared in 96% vyield (41.4 mg) according to the general
procedure. [a]p? = +63.1°(c = 1.0, CHCls). 94% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 16.67 min (major), 18.96

min (minor)).



(R)-4-(4-methoxyphenyl)-4-phenyl-2-(propylsulfonyl)-2,4-dihydrochromeno|3.4-
c|pyrrole ((+)-2b)

(+)-2b

Compound (+)-2b was prepared in 84% yield (38.6 mg) according to the general
procedure. [0]p? = +48.5°(c = 1.0, CHCls). 85% ee (determined by HPLC: Chiralpak
IA Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 10.79 min (minor), 13.57

min (major)).

(R)-2-(isopropylsulfonyl)-4-(4-methoxyphenyl)-4-phenyl-2,4-
dihydrochromeno|3,4-c|pyrrole ((+)-2¢)

L« PMP
Ph
(+)-2¢

O

Compound (+)-2c was prepared in 77% vyield (35.4 mg) according to the general
procedure. [a]p? = +35.4°(c = 1.0, CHCls). 86% ee (determined by HPLC: Chiralpak
IE Column, 98/2 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 32.86 min (minor), 34.66

min (major)).

(R)-2-((4-bromophenyl)sulfonyl)-4-(4-methoxyphenyl)-4-phenyl-2,4-dihydro-
chromeno|3,4-c]pyrrole ((+)-2d)




(+)-2d
Compound (+)-2d was prepared in 85% yield (48.7 mg) according to the general
procedure. [0]p? = +33.8°(c = 1.0, CHCls). 88% ee (determined by HPLC: Chiralpak
IE Column, 95/5 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 15.41 min (minor), 16.18

min (major)).

(R)-4-(4-methoxyphenyl)-2-((4-nitrophenyl)sulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole ((+)-2e)

(+)-2¢
Compound (+)-2e was prepared in 96% vyield (51.7 mg) according to the general
procedure. [a]o? = +26.9°(c = 1.0, CHCls). 85% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 32.73 min (major), 40.80

min (minor)).

(R)-4-(4-methoxyphenyl)-4-phenyl-2-((4-(trifluoromethyl)phenyl)sulfonyl)-2,4-
dihydrochromeno|3,4-c|pyrrole ((+)-2f)




Compound (+)-2f was prepared in 99% vyield (56.1 mg) according to the general
procedure. [a]p? = +36.1°(c = 1.0, CHCIs). 86% ee (determined by HPLC: Chiralpak
IE Column, 98/2 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 14.51 min (minor), 15.37

min (major)).

(R)-4-(4-methoxyphenyl)-4-phenyl-2-tosyl-2,4-dihydrochromeno|3,4-c|pyrrole
((+)-29)

(+)-2g
Compound (+)-2g was prepared in 69% vyield (35.0 mg) according to the general

procedure. [a]o? = +30.2°(c = 1.0, CHCl3). 78% ee (determined by HPLC: Chiralpak
IG Column, 80/20 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 14.46 min (minor), 17.37

min (major)).

(R)-4-(4-methoxyphenyl)-2-((4-methoxyphenyl)sulfonyl)-4-phenyl-2,4-

dihydrochromeno[3,4-c|pyrrole ((+)-2h)

(+)-2h

Compound (+)-2h was prepared in 60% yield (29.7 mg) according to the general
procedure. [a]o? = +40.8=(c = 1.0, CHCl3). 79% ee (determined by HPLC: Chiralpak
IE Column, 95/5 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 33.87 min (minor), 37.48

min (major)).

(R)-4-(4-methoxyphenyl)-7-methyl-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole ((+)-2i)



(+)-2i

Compound (+)-2i was prepared in 91% vyield (40.5 mg) according to the general
procedure. [0]p? = +29.5°(c = 1.0, CHCls). 91% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 13.07 min (major), 14.11

min (minor)).

(R)-7-methoxy-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2.,4-

dihydrochromeno|3,4-c|pyrrole ((+)-2j)

MeO

(+)-2j
Compound (+)-2j was prepared in 91% vyield (42.0 mg) according to the general

procedure. [a]p? = +23.8°(c = 1.0, CHCls). 91% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 16.01 min (major), 17.57

min (minor)).

(R)-7-fluoro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-
dihydrochromeno|3,4-c|pyrrole ((+)-2k)

(+)-2k

Compound (+)-2k was prepared in 99% vyield (44.9 mg) according to the general
procedure. [a]p?® = +38.2°(c = 1.0, CHCIs). 91% ee (determined by HPLC: Chiralpak



IA Column, 80/20 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 10.38 min (minor), 11.85

min (major)).

(R)-7-chloro-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole ((+)-21)

(+)-21

Compound (+)-21 was prepared in 92% vyield (42.9 mg) according to the general
procedure. [a]o? = +36.3°(c = 1.0, CHCl3). 90% ee (determined by HPLC: Chiralpak
IA Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 20.29 min (minor), 26.31

min (major)).

(R)-7-bromo-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|[3,4-c|pyrrole ((+)-2m)

(+)-2m

Compound (+)-2m was prepared in 92% vyield (47.0 mg) according to the general
procedure. [a]p? = +33.1°(c = 1.0, CHCIs). 85% ee (determined by HPLC: Chiralpak
IG Column, 50/50 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 8.54 min (minor), 12.58

min (major)).

(R)-4-(4-methoxyphenyl)-8-methyl-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno[3,4-c|pyrrole ((+)-2n)



(+)-2n

Compound (+)-2n was prepared in 80% yield (35.6 mg) according to the general
procedure. [0]p? = +38.9°(c = 1.0, CHCls). 80% ee (determined by HPLC: Chiralpak
IG Column, 50/50 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 7.68 min (minor), 8.99

min (major)).

(R)-4-(4-(benzyloxy)phenyl)-2-(methylsulfonyl)-4-phenyl-2,4-
dihydrochromeno|3,4-c|pyrrole ((+)-2t)

(+)-2t

Compound (+)-2t was prepared in 94% vyield (42.3 mg) according to the general
procedure. [a]p? = +43.0°(c = 1.0, CHCls). 95% ee (determined by HPLC: Chiralpak
IA Column, 70/30 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 12.12 min (major), 16.63

min (minor)).

(R)-2-(methylsulfonyl)-4-(4-phenoxyphenyl)-4-phenyl-2,4-dihydrochromeno|3,4-
c]pyrrole ((+)-2u)

(+)-2u

Compound (+)-2u was prepared in 94% vyield (46.4 mg) according to the general
procedure. [a]p?® = +25.5°(c = 1.0, CHCIs). 94% ee (determined by HPLC: Chiralpak



IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR =19.01 min (minor), 28.11

min (major)).

(R)-2-(methylsulfonyl)-4-phenyl-4-(p-tolyl)-2,4-dihydrochromeno[3,4-c]pyrrole
((+)-2v)

(+)-2v

Compound (+)-2v was prepared in 83% vyield (34.5 mg) according to the general
procedure. [a]o?® = +28.8°(c = 1.0, CHCIs). 94% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR =10.05 min (major), 10.98

min (minor)).

(R)-4-(4-(tert-butyl)phenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|[3,4-c|pyrrole ((+)-2w)

(+)-2w

Compound (+)-2w was prepared in 92% yield (42.1 mg) according to the general
procedure. [a]o? = +38.9°(c = 1.0, CHCl5). 94% ee (determined by HPLC: Chiralpak
IA Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 7.69 min (major), 9.09

min (minor)).

(R)-4-(3,4-dimethoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole ((+)-2x)



(+)-2x

Compound (+)-2x was prepared in 96% yield (42.8 mg) according to the general
procedure. [0]p? = +43.1°(c = 1.0, CHCls). 93% ee (determined by HPLC: Chiralpak
IB Column, 80/20 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 8.29 min (major), 9.82

min (minor)).

(R)-4-(3,4-dimethoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno|3,4-c|pyrrole ((+)-2y)

(+)-2y
Compound (+)-2y was prepared in 95% yield (43.8 mg) according to the general

procedure. [a]o? = +74.1°(c = 1.0, CHCl5). 94% ee (determined by HPLC: Chiralpak
IA Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 21.20 min (minor), 31.28

min (major)).

(R)-4-(benzo|d][1,3]dioxol-5-yl)-2-(methylsulfonyl)-4-phenyl-2,4-

dihydrochromeno-[3,4-c]pyrrole ((+)-2z)

(+)-2z

Compound (+)-2z was prepared in 99% vyield (44.5 mg) according to the general
procedure. [a]p?® = +41.8°(c = 1.0, CHCIs). 96% ee (determined by HPLC: Chiralpak



IA Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 19.21 min (major), 22.56

min (minor)).

(R)-2-(methylsulfonyl)-4-(naphthalen-2-yl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole ((+)-2aa)

(+)-2aa

Compound (+)-2aa was prepared in 86% vyield (38.8 mg) according to the general
procedure. [a]p?® = +25.6°(c = 1.0, CHCIs). 93% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR =11.77 min (major), 12.77

min (minor)).

(8)-2-(methylsulfonyl)-4-phenyl-4-(thiophen-3-yl)-2,4-dihydrochromeno|3,4-
c]pyrrole ((+)-2ab)

Ph

(+)-2ab
Compound (+)-2ab was prepared in 93% yield (38.0 mg) according to the general
procedure. [a]p?® = +39.8°(c = 1.0, CHCIs). 95% ee (determined by HPLC: Chiralpak
IG Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 12.59 min (minor), 13.32

min (major)).

(R)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-(p-tolyl)-2,4-

dihydrochromeno[3,4-c|pyrrole ((+)-2ac)



(+)-2ac
Compound (+)-2ac was prepared in 96% yield (38.8 mg) according to the general
procedure. [0]p? = +26.8°(c = 1.0, CHCls). 95% ee (determined by HPLC: Chiralpak
IB Column, 95/5 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 21.76 min (major), 23.59

min (minor)).

(R)-4-([1,1'-biphenyl]-4-yl)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-2,4-

dihydrochromeno[3,4-c|pyrrole ((+)-2ae)

(+)-2ae

Compound (+)-2ae was prepared in 95% vyield (48.2 mg) according to the general
procedure. [a]p? = +24.0°(c = 1.0, CHCl5). 93% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 23.23 min (minor), 26.67

min (major)).

(8)-4-(4-chlorophenyl)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-2,4-

dihydrochromeno[3,4-c|pyrrole ((+)-2af)



(+)-2af
Compound (+)-2af was prepared in 99% vyield (46.1 mg) according to the general
procedure. [a]p® = +28.0°(c = 1.0, CHCIs). 93% ee (determined by HPLC: Chiralpak
IB Column, 95/5 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 25.07 min (major), 28.32

min (minor)).

(8)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-2,4-dihydrochromeno|3,4-

c|pyrrole ((-)-2a)

(-)-2a

Compound (-)-2a was prepared in 96% vyield (41.4 mg) according to the general
procedure. [a]p® = -57.2°(c = 1.0, CHCI3). 94% ee (determined by HPLC: Chiralpak
IB Column, 90/10 hexane/i-PrOH, 1.0 mL/min, 254 nm; TR = 17.70 min (minor), 19.31

min (major)).

Tert-butyl 4-(4-methoxyphenyl)-4-phenylchromenol3,4-c]pyrrole-2(4H)-

carboxylate (3a)

Ms 1) KOH (5 equiv) Boc
I N THF:MeOH/1:1 i N
Y 50 °C, 2 h Y
PMP  2) DMAP (20 mol %) PMP
O ph (Boc),0 (3 equiv) O ph
2a EtsN (4 equiv) 3a, 90%, 2 steps

DCM, rt, 2 h



Compound 3a was prepared in 90% vyield (40.8 mg, two steps) according to the known
procedure (0.10 mmol scale).* Pale yellow oil. *H NMR (400 MHz, CDCls) & 7.46 (d,
J=1.2 Hz, 1H), 7.41 - 7.32 (m, 3H), 7.32 — 7.22 (m, 5H), 7.11 — 7.04 (m, 1H), 7.04 —
6.98 (m, 1H), 6.92 — 6.84 (m, 1H), 6.83 — 6.75 (m, 3H), 3.75 (s, 3H), 1.59 (s, 9H); 13C
NMR (100 MHz, CDCls) 6 158.9, 152.4, 148.9, 143.9, 135.9, 129.1, 128.1, 127.8, 127.7,
1275, 126.9, 123.2, 121.8, 119.6, 119.5, 118.7, 117.1, 113.2, 112.7, 84.2, 83.1, 55.2,
28.0; IR (neat): 2980, 2933, 1743, 1510, 1397, 1254, 1153, 979, 753; HRESIMS Calcd
for [C29H27NNaO4]* (M + Na*) 476.1832, found 476.1821.

1-Bromo-4-(4-methoxyphenyl)-4-phenyl-2,4-dihydrochromeno[3,4-c]pyrrole (4a)

Ms 1) KOH (5 equiv) Br
N THF:MeOH/1:1 NH
| 50°C.2h »
PMP  2) NBS (1.05 equiv) PMP
o L THF,-78°C, 1h O b
2a 4a, 65%, 2 steps

Compound 4a was prepared in 65% yield (56.2 mg, two steps) according to the known
procedure (0.20 mmol scale).* White solid (mp 82-83 €). 'H NMR (400 MHz, CDCls)
§8.13 (s, 1H), 7.89 (dd, J = 7.6, 1.2 Hz, 1H), 7.38 — 7.30 (m, 2H), 7.29 — 7.22 (m, 3H),
7.21(d, J = 8.8 Hz, 2H), 7.09 — 6.98 (m, 2H), 6.95 — 6.88 (m, 1H), 6.77 (d, J = 8.8 Hz,
2H), 6.23 (d, J = 2.4 Hz, 1H), 3.74 (s, 3H); 3C NMR (100 MHz, CDCls) § 158.9, 152.0,
144.1,136.2,129.2,127.8,127.7,127.4,125.1, 122.3,121.4,120.1, 118.5, 116.0, 114.0,
113.1,94.1, 83.2,55.2; IR (neat): 3399, 2932, 1608, 1508, 1466, 1242, 1176, 1032, 754,
700; HRESIMS Calcd for [C24H1sBrNNaO2]* (M + Na*) 454.0413, found 454.0410.

4-(4-methoxyphenyl)-4-phenylchromeno[3,4-c]pyrrole-1,3(2H,4H)-dione (5a)

Ms 1) KOH (5 equiv) 10
N THF:MeOH/1:1 NH
| 50 °C, 2 h N =0
PMP  2) UHP (5 equiv) PMP
0 b HFIP, 45 °C, 24 h o Ph

2a 5a, 60%, 2 steps



Compound 5a was prepared in 60% yield (46.0 mg, two steps) according to the known
procedure (0.20 mmol scale).® Pale yellow oil. *H NMR (400 MHz, CDClI3) & 8.00 (dd,
J=8.0, 1.2 Hz, 1H), 7.49 — 7.39 (m, 3H), 7.39 — 7.32 (m, 4H), 7.30 (d, J = 8.8 Hz, 2H),
7.04 (d, J = 8.0 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H), 6.87 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H);
13C NMR (100 MHz, CDCl3) 6 168.1, 167.7, 159.7, 154.5, 141.4, 133.8, 133.4, 133.3,
133.0, 129.1, 128.6, 128.2, 127.6, 126.3, 122.2, 117.1, 114.6, 113.6, 83.6, 55.3; IR
(neat): 2924, 1766, 1729, 1712, 1604, 1511, 1337, 1255, 1176, 758; HRESIMS Calcd
for [C24H17NNaO4]* (M + Na*) 406.1050, found 406.1042.

(3aR,4R,9bR)-4-(4-methoxyphenyl)-2-(methylsulfonyl)-4-phenyl-1,2,3,3a,4,9b-

hexahydrochromenol[3,4-c]pyrrole ((-)-6a)
Ms Ms

N H, (7 Mpa) N

Pd/C (20 mol %)

= 100 °C, 3.5h =
© Ph © Ph

(+)-2a, 94% ee (-)-6a, 63%, 94% ee, 3:1 d.r

Compound (-)-6a was prepared in 63% vyield (51.5 mg) according to the known
procedure (0.20 mmol scale).* Pale yellow oil. [a]o? = -39.0°(c = 1.0, CHCI3). 94%
ee (determined by HPLC: Chiralpak 1A Column, 95/5 hexane/i-PrOH, 1.0 mL/min, 254
nm; TR = 43.53 min (major), 50.95 min (minor)). *H NMR (400 MHz, CDCl3) § 7.49
(d, J = 8.8 Hz, 4H), 7.25 - 7.10 (m, 5H), 7.05 (d, J = 7.6 Hz, 1H), 6.94 — 6.88 (m, 1H),
6.85 (d, J = 8.8 Hz, 2H), 3.97 — 3.86 (m, 2H), 3.81 — 3.68 (M, 4H), 3.45 (t, J = 6.0 Hz,
1H), 3.36 — 3.22 (m, 2H), 2.25 (s, 3H); 2*C NMR (100 MHz, CDCls) 5 158.7, 153.0,
143.7, 135.9, 128.8, 128.6(9), 128.6(5), 127.4, 125.7(4), 125.7(2), 122.0, 118.1, 114.0,
80.0, 55.9, 55.3, 47.6, 45.2, 36.7, 33.9; IR (neat): 3059, 2930, 2853, 1610, 1512, 1454,
1334, 1251, 1152, 737; HRESIMS Calcd for [C2sH2sNNaO4S]+ (M + Na+) 458.1397,
found 458.1393.



Crystal data and structure refinement for (+)-2a. CCDC Number = 2192857
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1092.68 (2)
P1211

P Zyb

C25 HZ1 N 04 =5
C2Z5 H2Z1 N 04 5
431.49

1.311

2

1.578

452.0

11,9,18
4228
0.042,1.000

Correction method= # Reported T Limits: Tmin=0.042 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.75/0.94

Rireflections)= 0.0419( 4077)

5= 1.167

Theta (max)= 75.086

wRZ (reflections)=
0.1248( 4228)

Npar= 282



Computational Methods.

All calculations were performed using Gaussian 16 package.” Geometry
optimizations and vibration frequencies were calculated by using M06® level of density
function theory with the LANL2DZ’! basis set and pseudopotential for the Cu atom,
and the 6-31G(d,p) basis set!""!? for C, H, O, N, P and S atom. All local minimums were
confirmed with no imaginary frequency and all transition states had only one imaginary
frequency. And every transition state was checked by intrinsic reaction coordinate
(IRC). Single-point energies of all the transition states and intermediates were further
recomputed at the M06-D3/def2TZVPP level of theory. The SMD solvation model'
with PhCF3; was used for all calculations. The ball stick models of molecules were

drawn by CYLview 2.0.'
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.76294700
.15953800
.55831000
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.16531700
.05877000
.08226100
.04795500
.13459500
.56513400
.71785800
.62405500
.47533200
.96567900
.12836300
.78300500
.75921100
.22320000
.59523700
.23974400
.78098700
.37672300
.72846300
.81667700
.18693600
.73940900
.25470500
.45294300
.14377800
.38593200
.25617500
.10102300
.77095400
.53437400
.16308800
.20887100
.44326000
.37930300
.14047100
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Electronic Energy= -5509.293125 Hatree

.21285900
.61507300
.69688000
.05750200
.25454300
.44158400
.63805600
.82188900
.73935400
.00887200
.74654100
.93023700
.84067100
.07654800
.92066000
.99103700
.26824500
.44801400
.50147400
.21027200
.82533300
.06571300
.27295600
.58328000

Gibbs Free Energy= -5508.210574 Hatree

.16488700
.00363200
.73222900
.94861600
.47136800
.99721000
.60230400
.84870000
.02942100
.48441300
.23249200
.66895500
.59571600
.89796000
.94462100
.74963200
.41594200
.83718700
.00766000
.21386400
.32975300
.08739000
.27526000
.47178900

.21967500
.65153800
.46361600
.97869700
.37077900
.26095200
.08443600
.77752700
.17912700
.57825200
.69822600
.97781100
.41272700
.67219000
.33972800
.04816300
.45298000
.50843800
.28856000
.50788800
.24453100
.82602400
.29250600
.12742800
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.79891700
.68273300
.12210400
.94119000
.01981600
.24588800
.50156200
.88632900
.51210300
.49963300
.94336500
.89569500
.51424900
.41785900
.46469400
.02434700
.33118600
.97259800
.60944200
.47090900
.58858300
.18631800
.17103400
.76757900
.27064500
.88839700
.65838700
.32134900
.43006800
.14708500
.46735900
.03248900
.18323500
.42682000
.30240500
.56855600
.41727800
.36950300
.13265400
.15829200
.10963700
.02466300
.34462000
.20121900
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.29301500
.16730400
.50892900
.79473900
.04421200
.89935800
.16536600
.47059600
.07191100
.00296100
.13370300
.82687200
.59066200
.98473800
.47215900
.74936400
.02873900
.45206600
.53295600
.10288700
.35781500
.10573400
.58055900
.14372200
.72556100
.67120700
.39672800
.04065800
.39085600
.30014100
.51446600
.42241900
.66342600
.20662800
.33614400
.08355500
.61355300
.73604600
.39655700
.23653900
.31482200
.08830900
.77635900
.64679100
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.94639500
.72471600
.28246100
.50027700
.05458100
.83372100
.88832500
.46269500
.87370100
.98048500
.417915600
.01920300
.76696300
.41238800
.95546200
.36188800
.21471400
.77700800
.89374900
.28835400
.24153100
.13318500
.97450700
.47479700
.41403500
.38751400
.02386800
.42122900
.12102100
.52335700
.33233700
.28059900
.38170200
.94063200
.31373800
.56044800
.43229100
.21886900
.61315500
.16655100
.34944000
.45485800
.22145700
.44817000
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.88358600
.11501000
.63922400
.76272700
.94259000
.44519000
.14627500
.28727500
.19610500
.45746800
.25510700
.35431800
.68447000
.48961500
.33989100
.37342600
.39578500
.09501500
.08726600
.30738400
.87162700
.79353300
.91328000
.48415700
.83717700
.35151400
.39979000
.34968100
.21347900
.21632200
.34611700
.20107100
.31987500
.99503100
.45562200
.12249900
.48030800
.96635700
.58739500
.61145000
.48433000
.83100600
.55421700
.52211500

.38875600
.48758400
.62809700
.09701800
.44449100
.04208400
.40550900
.03766400
.81518000
.08504500
.50128500
.88087200
.31154200
.51547700
.58104600
.42847500
.56846300
.05422300
.63786200
.50822500
.77168100
.42517900
.95356700
.61750600
.60796100
.43726200
.86936100
.94131500
.75757500
.00620300
.65270600
.90390300
.46446200
.97200600
.07233200
.53459900
.48928600
.80164300
.63189200
.69453300
.47829200
.31023900
.86187500
.01785700
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.71225600
.52952200
.24818800
.87362300
.50026500
.14149500
.18891600
.30436700
.45730400
.45218700
.29013200
.22354100
.85848100
.72186500
.05265600
.21330800
.32339000
.11720100
.92354300
.61808000
.80462200
.35213800
.70913700
.23307400
.25606900
.21980500
.43611400
.84049300
.82052900
.14137800
.89817000
.49377500
.08089000
.07693500

2.27013600

.48121300
.53799900
.08641300
. 22900600
.03441300
.27202300
.76238400
.14747500
.48990400
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.90049300
.73341000
.75980200
.80733000
.04397000
.75167700
.13093200
.37934700
.53787700
.41579300
.60097600
.06515400
.00666400
.64161300
.19292100
.90220500
.29659100
.47760100
.80979800
.41116500
.48909400
. 23000900

1.20434100
1.60040600

.76608100
.27425600
.80934500
.48321000
.66310600
.27207400
.61792900
.95852100
.71820400
.36318800
.87472600
.02259000
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.70382500
.72746900
.49647900
.57689100
.25152400
.16054700
.21233900
.52143000
.29244800
.48805400
.07890700
.45979500
.66682200
.35452900
. 26000800
.29898400
.12109400
.69530300
.71670400
.90086200
.48729200
.32653000
.79704300
.75883500
.56489300
.07947400
.29668600
.04459100
.10343500
.62750400
.99476700
.11181100
.91102100
.54505600
.98912100
.42817300

.67268100
.58439000
.84064500
.75494600
.43932600
.69096100
.40012900
.33219600
.31842300
.24297000
.50317700
.14099900
.95042000
.88695900
.21023000
.89043200
.29948100
.04078700
.93924000
.52421200
.31627900
.78251900
.71542200
.31175300
.26667700
.72126400
.16693600
.24962100
.74595200
.27754200
.52696300
.21415300
.02441700
.78152400
.12736700
.95914400
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Electronic Energy= -5509.277219 Hatree
Gibbs Free Energy= -5508.194192 Hatree
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.23199900
.69924100
.19176100
.03493900
.93598900
.16528700
.53191900
.95158200
.50346700
.28610000
.20067700
.84811900
.18280400
.24224100
.63000000
.58171200
.51882600
.54063100
.48351600
.54264800
.42164600
.62388800
.65112400
.54857700
.31976400
.68627200
.24458400

-1

-1.
-1.
-0.
-2.
.66323300
.01017700
.05482400
.51784800
.67180400
.49789300

.56187100
.62651300
.42626700
.60415400
.52313400
.19785800
.22773900
.68309800
.72003400
.65431800
.29180300
.68184800
.12296200
.14657000
.24927000
.06516500
.06265400

53668100
36831300
98043800
60761300

.98755300
.85657800
.81588200
.48718700
.13892100
.50580700
.15282700
.08424600
.04303800
.41614800
.77040300
.72478900
.00129800
.51069800
.36417500
.42649700
.91766800
.04704300
.56907100
.89737900
.15386200
.11244700
.55435600
.53907900
.04349200
.07480300
.02196200
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.40214600
.63756300
.40522200
.26757900
.56665900
.35583800
.98074700
.72530600
.99460800
.19843800
.77075600
.36235400
.97986500
.20121200
.26730200
.77349600
.58228500
.88068300
.42260500
.15663900
.38774600
.06514500
.42876900
.54363900
00709700
.26899600
.41603300
.72974900
.81887900
.33870700
.58399700
.77411000
.20530900
.19544800
.17378900
.14604900
.14121200
.11021300
.27660100
.21181500
.97165100
.53388600
.12913800
.70948900
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.07256200
.64507300
.06336000
.81725800
.06983000
.82335700
.31234200
.38045000
.60763400
.09824700
.59568600
.01252200
.08739800
.86290600
.33125200
.78922100
.65799600
.09867900
.79352700
-3.
.36354600
.97163300
.47671500
.81734600
.29703900
.24962700
.41475700
.37923300
.43319600
.91064300
.39343500
.43926700
.10811000
.93190700
.33650100
.59800400
.03229500
.42571900
.27492000
.95877300
.71380100
.96565500
.86017000
.29203000

27756100

.66110200
.06189300
.54703200
.38150100
.43545600
.321979600
.60906300
.06388000
.56663300
.00248000
.96413400
.39867400
.58283800
.36382100
.10580600
.33610000
.41956800
.57074900
.76549100
.28499200
.70535900
.49664000
.24436100
.95338400
.04546200
. 20440500
.33079500
.88717600
.99479000
.79768400
.37171600
.63823800
.27206600
.05635300
.46587400
.60031300
.51863600
.39454900
.83786600
.25477100
.40493700
.93745900
.47597000
.83553800
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.47265400
.44704100
.97150000
.98730100
.29066200
.75572100
.35560200
.46478800
.81679500
.26280800
.12092800

4.36951400
1.62768400
3.95153500

2.26278800
.18394700
.52433000
.92451800
.18356200
.02487300
.198915600
.24139100
.64560600
.37210800
.49310800
.02082200
.11351500
.11674000
.79757100
.78049300
.11898200
.84186700
.10128600
.23195700
.75978000
.22491300
.86824000
.88383200
.05041100
.06770900
.78050300
.22614100
.26972400
.25150100

3.88361500

1.92359100
0.61337200

.97588700
.43322200
.07219500
.83589700
.27250900
.67621900
.42765500
.22878000
.20436200
.50239600
.70321100
.80300300
.31922300
.04546500
.26642700
.91359400
.35432200
.15335000
.00097300
.94986100
.21949200
.31062900
.11170600
.28439700
.74351500
.81482200
.88778600
.01286500
.72630000
.06740200
.05459700
.14658200
.06747500
.26112700
.48487000
.62519800
.14194700
.55833500
.24724200
.22626100
.51355900
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.34143400
.92352000
.87170200
.36619100
.17834100
.26000300
.84989200
.50174300
.92618000
.41844000
.71639800
.69629100
.60840100
.23495300
.05951100
.10361500
.05385400
.36231500
.80041500
.37756200
.79129500
.82016600
.57570500
.10476900
.59919100
.38972100
.89767700
.76965600
.20137700
.13957600
.04487800
.09461000

0.85380500

.57847700

0.25763300

.05002600
.95293300
.35971900
.17263100
.03660100
.20837200
.75704100
.63866600
.15151000
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.16925400
.21875900
.86201500
.29360100
.00052700
.22308000
.80338700
.39184600
.26085900
.08352400
.81363600
.67208300
.10084100
.97016000
.85310100
.50225000
.59539500
.22210100
.76427000
.23907900
.73539600
.04937100
.07730800
.26392000
.04172600
.57730500
.47787500
.34526100
.64082900
.28701500
.42366000
.17462200
.12741300
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.99794800
.08510500
.00377800
.58729600
.66830800
.24334800
.67682000
.06696200
.14872800
.32141800
.11559300
.71223000
.90182700
.96084600
.78668100
.43089100
.35785800
.97513700
.58965600
.09445100
.37561900
.68965900
.20354000
.97905300
.80953700
.66457500
.28265100
.85423100
.15696400
-5.
.15166200
.30632700
.84939500

73145600

0.16098300
1.18418800

.60337400
.97736900
.60229100
.90744800
.01224500
.60592600
.51236400
.81031500
.76253100
.42877600
.41132900
.67657400
.65616800
.69948600
.48179000
.07903200
.751947600
.01917800
.15737200
.76692100
.59378700
.84329800
.92852600
.45225800
.58802500
.11136800
.49253500
.94482700
.41790300
.66360000
.02191500
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Electronic Energy= -5509.286594 Hatree
Gibbs Free Energy= -5508.202043 Hatree

.24928000
.71024900
.96889200
.09292900
.19046300
.44602200
.67678100
.63507300
.91856200
.77831500
.47129000
.06017600
.21714100
.99809500
.51832500
.21062800
.14701500
.399277600
.35036000
.48311900
.61337600
.87251700
.04570000
.21098400
.17399400
.49192900
.43600800
.14848500
.79464400

.42181200
.41869500
.10351600
.44710600
.26665000
.66923900
.71721000
.72532100
.21795900
.78953900
.47400000

0.15130100

.03068300
.85583600
.56985600
.89615100
.00991600
.09002100
.38604200
.93650700
.13086000
.08503000
.49587200
.35509900
.91028100
.78991300
.82339700
.61215300
.71678000
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.63799800
.86767900
.79781100
.93262900
.62940000
.35789200
.12277800
.90965400
.13627300
.68207700
.13783000
.92776200
.30753500
.70144300
.52127900
.70312900
.40965900
.45904300
.90553800
.08018700
.22410600
.39275900
.21707200
.37034000
.13853100
.70797400
.14964300
.92050800
.68432900
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.73936500
.60874500
.82650200
.93679900
.63121800
.38916600
.85010000
.60219100
.58633100
.88436700
.32311200
.96490800
.81741100
.19105700
.28309900
.38653800
.26873200
.07089400
.99389700
.17027700
.71426400
.54698100
.18199600
.04883400
.44803700
.72054700
.27010100
.37941100
.79217000
.70886800
.98191300
.71816200
.70300400
.37118600
.60629400
.32912600
.20106500
.58666300
.21742800
.94538000
.14459700
.54768000
.74350300
.37984300

.24374800
.22551600
.00306300
.97106800
.17980700
.27176300
.96753900
.72639900

1.80529500
1.26790800
0.13204400

.71605500
.38913000

2.78591300
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.18914800
.05099300
.41334500
.82742900
.64067500
.93238400
.71277400
.62543300
.33134500
.11746600
.00114600
.27165300
.67591600
.49462900
.63924000
.16282200
.37623700
.29262300
.37593100
.06056400
.75299000
.06032400
.74673300
.97829300
.66401700
.35251300
.38784500
.70162100
.15533100
.10319700
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.42014100
.72976500
.87016900
.20199300
.03012400
.88067300
.16779100
.35673100
.99917300
.76671400
.18411600
.09398800
.50245900
.25231000
.57825800
.14970800
.55469800
.61690900
.80419500
.64752700
.67724500
.22165100
.52365800
.23077100
.31267800
.17599900
.22149600
.19477900
.08437900
.45038400
.77788800
.03370000
.75894200
.06757700
.77989500
.17380800
.77006100
.07513500
.50062500
.70500100
.55876600
.41440500
.97600000
.80753200



O T T N T OO OO I O IT O I O OO I T I OI OI OoOOnNnoOnNnOnOoO=Z2IT T I NI 0O 0on00on0nZ2

00 W W O VT P N TN W N N O N PO OvwWU

.59354200
.15977700
.02602700
.18983200
.17178400
.05153300
.94878600
.10921100
.13451800
.09502100
.91484300
.02682200
.32802700
.22775400
.30404600
.47387700
.33014100
.65812900
.45592700
.51077500
.57906300
.68004700
.56610500
.52346800
.60819500
.64484500
.46916100
.68260900
.29954000
.66264900
.52318700
.86188000
.33979800
.99068900
.91657000
.76578700
.10451100
. 78200900
.82856800
.12114200
.02009800
.95776800
.96703400
.50761300
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.70083600
.09312100
.67044200
.51343600
.65242300
.12803300
.50623300
.05125100
.07109500
.09227800
.04879100
.06020200
.14910600
.82245000
.09851300
.80164100
.09382000
.50127700
.58309700
.79453700
.53228400
.49318600
.05676200
.00409200
.25050300
.36544300
.65840000
.09822700
.68855700
. 88822200
.13207600
.09050300
.43842200
.23903900
.13377700
.89573800
.75728800
.26237000
.42606300
.13658800
.18710700
.90242000
.96971800
.77456000
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.49772500
.96196100
.50755500
.23351800
.29931400
.48129600
.03228000
.59642600
.56419100
.92574300
.01910100
.18669100
.94105400
.89279500
.50403600
.21908400
.47572200
.88881900
.45856200
.14664100
.69481900
.84895300
.65894300
.89411300
.36372100
.72500700
.21377500
.16469400
. 77600000
.90991300
.58379500
.53640900
.12439100
.45566300
.02878600
.22375500
.65615900
.96117800
.52094000
.43106100
.50643000
.55965800
.36741000
.45003400
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.02135600
.32301100
.59074900
.83700400
.79462300
. 88301000
.30939700
.26875900
.90666100
.35669800
.40081600
.82962100
.91853700
.37570400
.94257300
.08351600

9.85369600

.40684200
.78339500

1.98302700

.06797400
.62639900
.26750000
.44060600
.40798700
.71856400
.10250700
.83364200
.51391000
.94722800
.12936700
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.92216900
.65741900
.89982100
.02189000
.13057200
.82719100
.25030300
.43950200
.12312500
.13645300
.78372300
.57202800
.24448800
.12189900
.34083700
.86090200
.66704600
.16240000
.10039800
.93782600
.45990600
.68644300
.42527800
.50030700
.05748300
.32054200
.62094600
.35858500
.09679700
.42578300
.79572600

.27666600
.06981000
.11115600
.87280200
.22093200
.15164800
.56245900
.27806600
.28166200
.65071900
.91992400
.43199200
.06577200
.85499900
.33717800
.24261100
.70358700
.47026600
.56214300
.99565000
.49555100
.04702600
.02033300
.52512300
.19529300
.01102200
.69867500
.56899000
. 24840800

0.78252200

.46075700
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.329945600
.77798200
.98535000
.24195000
.20183700
.49656000
.44205300
.73321700
.05502300
.60485100
.27230000
.92034000
.85460600
.19860600
.83993400
.37839000
.03480500
.66295700
.28197100
.30129600
.92493000
.91735200
.09306400
.21619100
.16397800
.46904300
.37245800

.72303300
.59181100
.06167400
.56885400
.00435300
.38501000
.97063600
.34150200
.14433700
.86686400
.99473300
.66724800
.92632300
.03398200
.92841200
.00246600
.64742800
.83940300
.50944900
.07426000
.35245200
.30406300
.09619800
.78100800
.05495000
.26931200
.78716600

-1.43006000
-1.66439300
-2.52311500
-1.85745400
-0.36761000
-0.03940900
-0.99934700
-1.00171700
-1.94050700
-1.93843100
-0.26270800
-2.89828100
-1.92478400
-2.89499900
-1.95421100
-3.62415400
-3.77348200
-4.75471900
-5.35429900
-4.29469100
-5.40493400
-0.19465500

0.47618200

1.75821000

2.63363800

2.13082200

3.80000700
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.16919400
.70844100
.63458600
.53523800
.71470700
.79567500
.62145600
.27687600
.57059200
.68188000
.29698100
.48361400
.36665000
.20745000
.69003400
.74863500
.45427900
.24019200
.31299000
.06287300
.12488200
.97552100
.46294800
.33064300
.92397000
.08866400
.33671400
.59271200
.24793900
.25394200
.70539700
.55282500
.85016600
.43070000
.09586000
.89661600
.83478400
.67823500
. 80025200
.65104200
.58089000
.22255800
.55890800
.03299100
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.68036700
.01711000
. 28020000
.97398200
.36619700
.85191100
.99410400
.45095700
.45286800
.40721200
.49131600
.46418600
.46481900
.42382900
.51724600
.29072500
.44956500
.33190300
.44557000
.69133500
.57752100
.04065200
.89209800
.57003000
.56890300
.20694100
.09797200
.46182300
.41649700
.57927000
.35433000
.25614500
.11200800
.30115200
.41829500
.90759700
.78686100
.17980800
.47826400
.06172400
.96439600
.70066900
.90128500
.91192900
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.39346400
.26316900
.11371200
.46826300
.47737400
.02310700
.32777400
.39605800
.08051000
.41253200
.64942500
.11822100
.99188300
.95052500
.60981700
.14525400
.97419000
.07175800
.56645200
.63099000
.77269500
.88052200
.92459200
.58933200
.74515300
.36762600
.32294800
.17614100
.15048000
.21376800
.14077700
.47320600
.78576800
.19728000
.43303200
.38267700
.42855900
.09780500
.31415800
.00555700
.18818600
.52585800
.28124300
.88379200
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.29389600
.42512500
.53643300
.56104800
.76938400
.43402800
.79015500
.30281200
.89932500
.62963200
.88593400
.86443500
.42033100
.43110200
.00725700
.16761000
.00388000
.34230400
.16280200
.17309700
.90370900
.34794600
.25390600
.17235300
.26766700
.37502500
.06011600
.42347900
.76165800
. 24340800
.13580500
.71015300
.81142300
.36375900
.99041600
.92226200
. 24624900
.08939100
.93422600
.41341800
.09970100
.33541200
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.42849600

25844900
52156400
96110300
54019600
42276600
56855600
96624600
44724300
96520200
01779100
01915400
01349000

.03254800
.38284100
.89625400
.66454200
.29268300
.90398200

15300200

.88661300
.77263100
.39372400
.38923300
.64338800
.17397300
.27297700
.67963800
.91662700
.58032000
.05640100
.01555300
.72378300
.62066500
.97429700
.85968900
.82374400
.67768600
.35466400
.05633100
.27949100
.74114200
.71078200
.60813400
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71669100
59005900
75360600
33741000
27590800
62008100
37277200
27403000
27024200
10472300
64537600
11959000
26455600
15054700

.89243200
.69964700
.41439500
.00032000
.58687600
.73585200
.08582800
.32906800
.91135300
.90029700
.39839500
.23745000
.47112800
.77685000
.33589600
.13472700
.94750400
.05115100
.50355600
.56210400
.02693000
.26572900
.25532900
.52438800
.97326600
.43219000
.75249300
.91339800
.76638000
.12227900
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.46286100
.14304800
.35288000
.67130100
.97096900
.03436500
.96331900
.09979900
.38381200
.32434400
.87598200
.46020900
.90724800
.24205500
.37880200
.93984700
.59952300
.55288000
.46271400
.93752200
.31097400
.59528200
.50663800
.13521800
.42169300
.13680200
.90698700
.26253400
.64727900
.36234200
.99789600
.58991900
.61282100
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.68348000
.52664700
.22256500
.16840700
.79630000
.42651800
.58623900
.33569600
.55034900
.63641800
.49793200
.38597800
.65487200
.39567500
.12999200
.15809300
.42269800
.99254300
.68931200
.14197800
.16722900
.77451200
.60120500
.97239600
.63565300
.55213000
.57229800
.99567900
.06238800
.76101100
.33941900
.82747000
.27328300
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-3.
-1.
-0.
-1.
-1.
-0.
-0.
-2.
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.06235400
.39448300
.51543100
.62838800
.65220600
.16344100
.07751400
.42124600
.92268900
.65860200
.68336400
.00280000
.81855500
.28628800
.94565200
.79322600

32042600
14720500
66047400
17620000
14094600
78981100
25303300
62350100
90640400
28322000
52254900
26196700

.47246300
.19239900
.97838900
.10130600
.75568000
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.48434200
.94641600
.21048300
.44221900
.225271600
.53794000
.44114400
.30608900
.31614500
.04846000
.61447600
.06406200
.42222900
.93279000
.95751300
.74119100
.61654500
.51979700
.96278300
.31548900
.00179900
.94677200
.07967700
.09478400
.05702300
.24062500
.14465400
.18367700

.77380700
.62902200
.09757500
.61147200
.15114900
.68479100
.99935900
.20747500
.03783700
.45276700
.96524900
.26797800
.91667000
.48378800
.39363000
.50135700
.81543300
.85669100
.30681700
.62056900
.06838400
.19874800
.37573200
.19082900
.28588300
.98425200
.17466000
.64192200

.27675400
.39671300
.32198500
.41630600
.17630400
.31748800
.86112300
.55356100
.35907700
.69606100
.19182600
.51154800
.84573100
.18192100
.23391400
.86979500
.30859500
.83352000
.72390300
.11546800
.11729600
.18944900
.51096900
.71033400
.63758400
.88272300
.70274700
.52059100
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.32606400
.27266700
.33643900
.21705800
.34330000
.26361800
.18704600
.66703700
.33385600
.28553700
.76990900
.94715900
.73998500
.42312400
.86939400
.83665200
.90276600
.57168100
.31555000
.49018400
.24822600
.62792700
.70992800
.20289700
.11870100
.30135000
.58651300
.21193700
.27546500
.62917000
.49352700
.77317400
.44927400
.20492900
.93373100
.03394100
.77787900
.74587700
.56888800
.42771000
.06864600
.43449400
.82629000
.82540500

.89067300
.98421000
.23538300
.50608100
.68520700
.95078600
.24022400
.49022700
.21838300
.27394800
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0.56106500
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.19592100
.81173400
.24814000
.19324000
.42212200
.63542000
.92542000
.82117000
.17340400
.96744000
.80016500
.62982300
.10399400
.02622300
.35314900
.54641000
.48484500
.49282200
.07291000
.24219800
.26256000
.38064200
.89939400
.78477900
.10134800
.50174600
.07558700
.92506400
.61467800
.83036900
.90240900
.37257500
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.93168300
.83730700
.42766400
.02819700
.66547300
.97198900
.34154200
.66994800
.99725800
.64384200
.17660400
.96833900
.74211700
.29451600
.89288500
.47427700
.05592700
.45150300
.65769900
.56681100
.64712300
.76934800
.36539100
.36899900
.34724400
.29568500
.12026900
.08351300
.16438400
.15728000
.52351700
.79865000
.12702600
.53192500
.18255000
.53263400
.06301600
.07902900
.02673000
.28622000
.64480500
.37695100
.00156200
. 88243400
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.00964400
.29570000
.31137500
.49213500
.30451400
.64842200
.50572300
.45993000
.61379900
.63554400
.56142300
.44461600
.54043700
.32353700
.31798100
.11411600
.34119800
.03522000
.47668900
.40460800
.16734500
.91477600
.39265800
.42650900
.09715800
.28122700
.39637100
.13279800
.41165000
.84849300
.33956200
.13998700
.65808700
. 86498900
.42859400
.85856400
.75435200
.10281800
.87389700
.77285300
.22305800
.98326400
.10870500
.19878000

-2.
-1.
-2.
-3.
-2.
-3.
-3.
-2.
-1.
-2.
-3.
-1.
.89569000
.34498900
.91442200
.45997500
.02034000
.66814200
.78880300
.64306700
.44188600
.21018600
.99470400
.23712200
.81876000
.80878800
.54655800
.78858100
.42293900
.91188600
.90570100
.54979300
.45777500
. 80642500
.67951800
.97498700
.80299700
.53545600
.17875200
.38604800
.92209100
.91189600
.75851300
.83235000
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18905200
52661900
90856200
46957000
34346000
46882100
90880500
33377500
89816900
89927000
91740900
88298200
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-0.
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-1.
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65877000
62940300
66496400
17715600
94366200
95421000
82105200
71808000
33087200
22467600
56477500
70853300
83056600

.93878900
.74863200
.56412100
.20673000
.71241200
.97934800
.31385400
.48947200
.99063800
.11990200
.69359100
.37852600
.71998500
.70306400
.27702100
.24221800
.86785800
.01537400
.63132400
.68248000
.08692500
.39477200
.21353800
.40850500
.93694300
.23580300
.63146900
.80594700
. 78880000
.93204500
.80993700
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.11130500
.48580600
.47357000
.71999600
.17197800
.06585900
.24424800
.56355700
.49715000
.06092300
.67380500
.88383200
.21760200
.39989700
. 86600900
.52752100
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.34496400
.65728600
.08041100
.25907100
.20759300
.37658800
.10185200
.21328100
.66430000
.03199600
.35730100
.12257300
.74563500
.31688500
.42068200
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.33144200
.08627800
.37848800
.88439800
.27751100
.43012400
.17353500
.41607700
.51569600
.35475600
.25811700
.44350500
. 20056000
.90502800
.92691100
.17597800
.74883600
.47126100
.20024100
.18722600
.89067600
.60349500
.91975100
.61544800
.59114600
.78154200
.13500200
.31640000
.00258100
.65150800
.06914300
.46848300

.55662500
.44994100
.53458000
.36756700
.06550900
.01858300
.28748500
.83774400
.60866500
.57517700
.91589300
.00774900
.44711400
.15302600
.02327400
.57831200
.39934500
.87202900
.81685100
.199278600
.42551300
.79868100
.16974500
.39581000
.81029300
.35331300
.47446800
.26419900
.05759300
.88706200
.09093200
.85091300
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.62657800
.00533300
.11785800
.68318200
.25302500
.52850800
.45486900
.39645300
.27226100
.13580100
.759471600
.01769200
.32603300
.95176500
.10398900
.64369700
.63877000
.46501000
.91791000
.25782100
.87968500
.01452200
.06161400
.05219100
.01584100
.17081900
.07390000
.15742900

.83289100
.47130000
.65075100
.13048300
.15715000
.68848900
.16220000
.47667600
.25024300
.86016000
.20732500
.61849700
.77968100
.93146800
.88266100
.12056200
.40030500
.48537800
.04720500
.08628300
.65410700
.35777900
.24336300
.94274800
.90738900
.74517900
.67494600
.26039800

.36209400
.46230100
.49968800
.00421400
.23707100
.35023900
.75399600
.23096800
.41692000
.34196900
.73764200
.53396800
.06626500
.00097400
.71084400
.02429100
.07293200
.77507700
.59393900
.12992400
.18812100
.22952700
.48960100
.76360400
.69798200
.03786700
.85597400
.50639700
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.23905700
.18130500
.25743700
.11908400
.23247300
.19828500
.18591300
.76941300
.23519600
.39353300
.95220800
.85315500
.55992900
.43262100
.06202500
.66581900
.91615800
.76265700
.61940600
.75379200
.17586900
.57107900
.56552800
.03937900
.18706900
.42648700
.80301200
.35921900
.59974700
.58048400
.40816700
.66414100
.68788500
.52942100
.40956900
.19447900
.32064400
.40158900
.66448800
.53538200
.19455900
.51416900
.95537100
.03408400

.51618200
.48774000
.63318500
.13235400
.08944600
.85974600
.33031200
.65837700
.10473900
.54105000
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.77374800
.14264800
.10119600
.57599200
.42317700
.78930300
.54898700
.69987100
.82762400
.04512500
.77039000
.55688700
.65165600
.54705100
.09634700
.29828600
.64064700
.44301000
.39642600
.16339400
.11829600
.40937200
.52282700
.17774300
.00125000
.12632500
.87784800
.98004300
.85166500
.57660400
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.46025300
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.82339600
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.92308800
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.50757300
10.
.26183300
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.95353100
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.75224500
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.46310500
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.75912700
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.12960000
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.33710400
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.51867700
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.31610000
.38680700
.55587500
.20332000
.62176400
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-2.37615300
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.27652200
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.50796900
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.07484700
.67746300
.72042000
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.04504400
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.34591500
.23778600
.51856900
.91035800
.00425000
.24621300
.40959900
.95479600
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.66986500
.73709300
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.24065000
.91470900
.18842300
.29679700
.88390300
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.13974200
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.48317100
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.37473700
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.42674700
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.48651500
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.53358900
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.10202500
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.14655900
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.16469900
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.71596900
.38618700
.78646600
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.44733200
.16334000
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.68784100
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.04565800
.49473500
.72461400
.96616900
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.92456200
.67497700
.10946600
.85830300
.50368700
.89403500
.04390200
.74552300
.09117200
.33975400
.93514500
.41654400
.93818600
.50810500
.19983600
.61657600
.66615800
.41676700
.17092300
.01703600
.75013300
.83136700
.59408700
.65634300
.54117500
.66082100
.63412900
.98813100
.06621500
.77030000
.43335100
.84275400
.99224800
.19837100
.82668800
.39170000
.80585500
.02889000
.82456000
.54381400
.71066800
.60052100
.92130200
.11374900

.42855700
.04247000
.04284900
.99769400
.84636500
.45998600
.00427500
.85028600
.08537400
.00917700
.83033900
.94921100
.60821700
.71395200
.93847600
.14257100
.49239000
.41383800
.31326000
.44558100
.33146600
.36447200
.35082800
.21255100
.71754700
.62484800
.75488300
.08586300
.21445400
.87494400
.50372800
.01076200
.94789600
.33791300
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.59006200
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.14283500
.04723400
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.15822000
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.46828800
.47540400
.86204200
.44138700
.14595000
.71802900
.63021800
.67263400
.48108500
.72569000
.14161400
.32188400
.44926800
.18055100
.02911300
.18030100
.57088700
.80165300
.38656200
.76779000
.90384800
.84268000
.55741500
.25201400
.00594800
.53746000
.21175900
.20834200
.36960800
.34200400
.30536800
.50460500
.37959600
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.37946900
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.36852800
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.50363700
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.64602100
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.04487500
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.10296000
.16463600
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.09486700
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.39680700
.21783000
.45080800
.11357000
.89367200
.54179600
.10065200
.38143800
.36386600
.38938400
.54216700
.55825500
.30931000
.25864200
.15279400
.45664300
.07545000
.39203700
.56801900
.66937500
.44742400
.44497000
.33214600
.33840300
.57249800
.21577800
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.01787400
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.56358800
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.22405800
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.26245100
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.28215300
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.12593500
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.96189200
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.98496400
.46069900
.39497100
.63427800
.88939900
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.22742800
.57503200
.46884700
.81792800
.58874500
.87854500
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-1.
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.56099900
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.24344400
.14706300
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.69924100
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.50346700
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.20067700
.84811900
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.56187100
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.42626700
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.19785800
.22773900
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.72003400
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.03383800
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.93157600
.50392900
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.98755300
.85657800
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.04303800

41614800

.77040300
.72478900
.00129800



I T T N O O vnw IT T T N I O I ONOOONnONnOIIITIOONDITOOnOOoOOonNOonOnNIT I T OO I ITN

0

u

I T O 0N

P R R R R
P R, NP ® O 0 VO

N © ©O P N O FRF N UV OO N PP U N NUVIOO UV AN ON WOR WEDNNDNPR

1 1 1 1 1
w A W W

.24224100
.63000000
.58171200
.51882600
.54063100
.48351600
.54264800
.42164600
.62388800
.65112400
.54857700
.31976400
.68627200
.24458400
.40214600
.63756300
.40522200
.26757900
.56665900
.35583800
.98074700
.72530600
.99460800
.19843800
.77075600
.36235400
.97986500
.20121200
.26730200
.77349600
.58228500
.88068300
.42260500
.15663900
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.14657000
.24927000
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.06265400
.53668100
.36831300
.98043800
.60761300
.66323300
.01017700
.05482400
.51784800
.67180400
.49789300
.07256200
.64507300
.06336000
.81725800
.06983000
.82335700
.31234200
.38045000
.60763400
.09824700
.59568600
.01252200
.08739800
.86290600
.33125200
.78922100
.65799600
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.36354600
.97163300
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.81734600
.29703900
.24962700
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.15386200
.11244700
.55435600
.53907900
.04349200
.07480300
.02196200
.66110200
.06189300
.54703200
.38150100
.43545600
.321979600
.60906300
.06388000
.56663300
.00248000
.96413400
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.58283800
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.10580600
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.95338400
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.77411000
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.17378900
.14604900
.14121200
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.27660100
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.97165100
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.129138600
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.24139100
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.43926700
.10811000
.93190700
.33650100
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.03229500
.42571900
.27492000
.95877300
.71380100
.96565500
.86017000
.29203000
.88361500
.92359100
.61337200
.97588700
.43322200
.07219500
.83589700
.27250900
.67621900
.42765500
.22878000
.20436200
.50239600
.70321100
.80300300
.31922300
.04546500
.26642700
.91359400
.35432200
.15335000
.00097300
.94986100
.21949200
.31062900
.11170600
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37171600
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27206600
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46587400
60031300
51863600
39454900

.83786600
.25477100
.40493700
.93745900
.47597000
.83553800
.34143400
.92352000
.87170200
.36619100
.17834100
.26000300
.84989200
.50174300
.92618000
.41844000
.71639800
.69629100
.60840100
.23495300
.05951100
.10361500
.05385400
.36231500
.80041500
.37756200
.79129500
.82016600
.57570500
.10476900
.59919100
.38972100
.89767700
.76965600
.20137700
.13957600
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.11898200
.84186700
.10128600
.23195700
.75978000
.22491300
.86824000
.88383200
.05041100
.06770900
.78050300
.22614100
.26972400
.25150100
.16925400
.21875900
.86201500
.29360100
.00052700
.22308000
.80338700
.39184600
.26085900
.08352400
.81363600
.67208300
.10084100
.97016000
.85310100
.50225000
.59539500
.22210100
.76427000
.23907900
.73539600
.04937100
.07730800
.26392000
.04172600
.57730500
.47787500
.34526100
.64082900
.28701500
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.01286500
.72630000
.06740200
.05459700
.14658200
.06747500
.26112700
.48487000
.62519800
.14194700
.55833500
.24724200
.22626100
.51355900
.99794800
.08510500
.00377800
.58729600
.66830800
.24334800
.67682000
.06696200
.14872800
.32141800
.11559300
.71223000
.90182700
.96084600
.78668100
.43089100
.35785800
.97513700
.58965600
.09445100
.37561900
.68965900
.20354000

1.97905300
©0.80953700

.66457500
.28265100
.85423100
.15696400
.73145600

.04487800
.09461000
.85380500
.57847700

0.25763300

.05002600
.95293300
.35971900
.17263100
.03660100
.20837200
.75704100
.63866600
.15151000

0.16098300

o 1
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1
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.18418800
.60337400
.97736900
.60229100
.90744800
.01224500
.60592600
.51236400
.81031500
.76253100
.42877600
.41132900
.67657400
.65616800
.69948600
.48179000
.07903200
.75194700
.01917800
.15737200
.76692100
.59378700
.84329800
.92852600
.45225800
.58802500
.11136800
.49253500
.94482700



H -7.42366000 -6.15166200 -0.41790300

H -9.17462200 -6.30632700 -0.66360000
H -8.12741300 -5.84939500 -2.02191500
TSc-c’

TScc

Electronic Energy= -5509.278769 Hatree
Gibbs Free Energy= -5508.195752 Hatree

*} ) Dihedral 01-C1-C2-C3
=0.03 rad

.27011200 -1.53585000 -1.35760700
.71860100 -1.45266300 -1.64013100
.91222800 -0.99584100 -2.61801400
.18913400 -2.44447100 -1.61961300
.15674200 -0.57777200 -0.50526200
.35853500 -0.01989000 -0.39487900
.547427060 -0.12257900 -1.22997100
.88081200 0.88346200 -2.15265500
.34636400 -1.26775300 -1.16522300
.98731600 0.74998400 -2.96737900
.25661600 1.77310600 -2.22406600
.45602900 -1.42017400 -1.98819900
.09041000 -2.05262500 -0.45547600
.78073700 -0.40305000 -2.88904600
.25713500 1.51950300 -3.68628900
.05604500 -2.32209000 -1.91953900
.83846100 -0.44353200 -3.73226800
.66825200 -1.59525300 -3.70024800
.44884300 -1.43029000 -4.44486400
.13078200 -1.72571600 -2.71411300
.10461100 -2.49947600 -3.96125400
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.88484200
.02818800
.21181400
.22483100
.42712800
.43712800
.26713700
.67821200
.65999300
.64223600
.63714700
.83910700
.48756800
.73177700
.75494000
.82655900
.96545900
.60400600
.04375500
.97343700
.10610200
.79840100
.16070200
.05493300
.22557100
.05021700
.02551200
.69370200
.21352700
.02016100
.56937000
.07836200
.39537200
.73600200
.43076400
.53070600
.59841100
.30977200
.63596100
.47090300
.02529900
.96669500
.62460900
.73244800

1 1
o ©
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.91339900
.37127900
.44405300
.65755800
.10056300
.49573100
.14823300
.93371400
.13826300
.64074500
.42536600
.79394600
.92502500
.61091300
.93557800
.90137300
.60623200
.08122700
.55562800
.36685600
.90784600
.10846100
.57111800
.42409500
.40176200
.57738900
.90631300
.75707900
.34715400
.34328200
.35722000
.86612900
.30767900
.81354600
.03358700
.07300600
.37669800
.23467500
.33922400
.48398700
.45370300
.09193200
.76411300
.20880300

-0.16173700

0.37083400
.55407200
.52590000
.77004300
.61102400
.40833600
.84323700
.77162900
.33925400
.96793600
.61868700
.78819100
.96819100
.60346600
.48428400
.75086300
.95717900
.64718700
.00509800
.27434100

2.23919000

0.27957500

1.39387700
-2.30646700
-2.60696900
-3.42297700
-1.29542900
-0.39843000
-1.88215300
-1.03259800

0.46428000

0.38434600

1.00338800

1.01127400

2.04952100
-1.01478800
-1.58138600
-1.54311300

0.20891600
-0.71373300

0.33007900
-1.68139000
-0.34598100
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.87135300
.81746100
.03303500
.58111000
.14801700
.53451100
.29906300
.75113000
.53655800
.39443600
.53382000
.52968800
.78321200
.43763100
.77334700
.35055300
.90427700
.66165100
.85975300
. 87900000
.62738500
.69736000
.54518700
.61635700
.71381800
.59598300
.74857000
.26032700
.61487600
.41785200
.49624600
.11948800
.18066700
.38258300
.10115100
.27347600
.67595800
.41684700
.85763900
.53764900
.56247900
.01401500
.04639000
.07497800
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.88547500
.74679200
.48655200
.37534800
.40909900
.39144600
.26211700
.22177700
.88474600
.82711300
.41251200
.03461300
.22942100
.02870600
.85930800
.56472100
.46036000
.69825900
.24632200
.32377800
.21978100
.35372700
.14508900
.91566800
.12040400
.67532100
.71129300
.88284600
.50601200
.65991000
.28516700
.08749900
.47135500
.99051800
.27980300
. 80694900
.38079800
.44795900
.91358400
.81057800
.21267600
.06974900
. 80926400
.80853100

1.07847800
1.29711500
2.70072000
2.21725700
3.78542900
2.34209900
1.63086200
-0.89184000

0.98249200
-0.26652200

0.28513400
-1.41331400
-0.30519900

1.17902500
-2.00999800
-1.85514900
-1.45913300

0.13658800
-2.90574200
-1.92745600

1.29191800
.09785700
.28593300
.31658200
.22097100
.27821700
.58225600
.18419500
.19209400
.21334800
.29834000
.91282800
.96529200
.32923900
.77657800
.72662800
.14217900

1.60731300
-1.34613100
-1.07713300
-0.92505700
-1.41088500
-0.92846700
-0.94394800
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.38292000
.42744100
.02567100
.73283100
.16896900
.76012500
.02989800
.71439600
.31074300
.05940400
.39506600
.87999600
.63154900
.97550700
.31412700
.22368500
.72442000
.56670500
.35232000
.59024800
.93687800
.23609900
.99333100
.74880700
.64706400
.60304900
.09647200
.26408300
.24858400
.60270900
.34481100
.76216400
.48903300
.00071500
.18920800
.98477600
.46397000
.36096700
.27554400

.15438800
.13464700
.56015800
.49067600
.40130400
.49544400
.53114800

.63361600
.59660800

.72750500
.01670200

.76572200
.79769100
.72728900
.95589600
.98843800
.87963100
.91919200
.71953100
.38293700
.30725500
.13266200
.47520400
.93244300
.55188200

.30782300
.19551900
.90276600
.94805600
.34298500
.94439300
.05115300
.06932400
.46304600
.70211700
.04193400
.64947800
.05418000
.41348500

.73776200
.70522900
.09557900
.52618600
.73593100
.49120900
.31628600
.36335600
.62910700
.35158500
.68629300
.03987200
.03105800
.13051300
.76523900
.66791500
.34599900
.83029200
.03473200
.46951600
.31159600
.10117800
.66089300
.64421900
.81895000
.11508800
.86245000
.76200500
.02612800
.67424100
.46825600
.95025500
.12217400
.78139200
.97045300
.03527600
.86793600
.21202000
.88377600
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Electronic Energy= -5509.282475 Hatree
Gibbs Free Energy= -5508.194138 Hatree

.74490300
.91950800
.38784800
.67644700
.27397300
.87079100
.24437800
.06606600
.78434900
.38788900
.65547900
.10449500
.16136200
.91565700
.03029100
.49335700
.21914000
.79266400
.83051300
.27866500
.77073700
.55685400
.87627200
.06718500
.77666800
.62063500
.11609000
.30922300
.01154100

-2.
-1.
-0.
-1.
-0.

1.
.57138900
.39276600
.20085700
.79882700
.94744400
.63144700
.35324600
.42082900
.66246400
.11599200
.79049200
.42891900
.64190600
.37046800
.77662300
.55334900
.33145100
.53185200
.23674600
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03441000
16959400
88394300
67214300
01648000
09897400

1.71196800
1.07900800

.69088200
.56239000

.62113700

0.36345100

.31207100
.25590000
.34027700
.78762400
. 80670000
.31774400
.93436400
.29842700
.22228800
.95605500
.81362800
.83798000
.16492600
.84633700
.75980900
.88945800
.62692500
.12066200
.77161500
.06811600
.49509500
.32642000
.79724300
.82086800
.67883300
.46869800
.72115400
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.73012900
.88782000
.52085900
.21885000
.92699000
.86791800
.31806300
.38580500
.26885700
.69124200
.34766000
.05512600
.78870900
.61364400
.97367800
.75913800
.99726400
.70730700
.06249100
.61898200
.90906000
.70603700
.59950400
.77534300
.73436600
.77830000
.34155200
.74460900
.13941300
.02298300
.44972400
.89863900
.47500200
.35547900
.17672000
.91522400
.42679000
.99958600
.88553200
.47735100
.06355800
.15543000
.08329800
.48967100
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.23884500
.81938400
.46029800
.89057900
.13497200
.31146400
.50227600
.15648000
.62197900
.54915500
.28602900
.18178000
.51308100
.58032600
.20092200
.39248400
.60622800
.19329200
.56220900
.43057200
.27099600
-5.
-4,
-2.
.07486500
.21905800
.81299700
.16936200
.48683500
.80394200
.37109600
.37121400
.53857800
.17386100
.29368900
.31951100
.89025500
.32735600
.29846500
. 77804900
.49252700
.17995300
.49800500
.12772800

49494300
01746400
23165000

.15465700
.01079400
.06104300
.85687300
.32184300
.46745700
.99813900
.81678300
.16969200
.01737400

1.62623200
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.16740400
.13262800
.54763100
.64369000
.77039600
.11436900
.47294100
.11653200
.32467700
.14179600
.08813000
.57551800
.40368900
.60831000
.70640500
.43789300
.07754800
.14637300
.18839900
.58533000
.65871900
.68626200
.70953300
.42323000
.19677900
.43473600
.15209400
.90757300
.59501600
.96839900
.31981600
.01137500
.83834500
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.69958300
.04489600
.99250800
.43418300
.31520500
.68357900
.74984200
.70559000
.69475100
.04579700
.04584200
.72627200
.74053700
.75514800
.34470500
.56799200
.09415900
.34649500
.91810800
.68885600
.05147300
.91370800
.29769400
.34256500
.52463800
.34860700
.91054500
.32140000
.50070000
.14654400
.89277900
.69666700
.49292800
.94406400
.24335900
.14857900
.35764000
.11320800
.07145300
.32666300
.66181300
.22272700
.96580800
.86264400

.95286700
.43235800
.58814900
.69121400

0.35927300

.57272300
.91829500
.50168100
.89670000
.16396900
.90174000
.08453800
.56572000
.21615500
.41107200
.03448200
.41772600
.67227200
.80202700
.04319700
.92273700
.66947700
-5.
.25952400
.38057700
.18029800
.17662100
.49477100
.44000700
.99788900
.76653800
.25974600

17110600

2.75834000

.74354100
.47006700
.61493600
.37627500
.63608900
.45139900
.59689200
.22625700

0.47879400
1.24496200
1.94697500
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.49907600
.18739600
.11681600
.65200400
.48948600
.76282800
.04201000
.69780800
.95522200
.41380800
.40064000
.24574000
.21247600
.50094800
.80298600
.03701800
.68464400
.13519000
.34588900
.77032600
.51480400
.99733600
-3.
.44091400
.84922300
.68937600
.18521700
.63647100
.15639600
.93575500
.67302300
.32560500
.77510400
.79270400
.01373200
.03478900
.86924300
.27059400
. 72790400
.62885800

31099300

2.69003500
0.56220000
0.37250100

.60973500
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.05394900
.30975300
.88624200
.72120000
.80475700
.56418500
.16317400
.32734600
.65651400
.08729700
.49941200
.01849800
.74021800
.46153300
.93510900
.95816600
.23269500
.82120000
.30296900
.59181100
.41683900
.63658400
.15110000
.92066000
.171177060
.94416400
.21928400
.93510100
.18496300
.55941400
.88541400
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.31728800
.66091100
.82619700
.57179300
.40221700
.16784500
.26454000
.66097500
.23157000
.43928100
.22274900
.42563000
.00549300
.19129400
.97915800
.16158300
.42564600
.19044100
.16003400
.27354900
.18909900
.24826100
.56081200
.15987400
.76380600
.16280900
.43024300
.79600000
.39571700
.67595800
.11429600
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.09654000
.47856700
.37416500
.21967700
.32593100
.30846100
.43248000
.33233200
.57170500
.32405300
.68114100
.73018700
.82325000
.83700000
.77369400
.93453000
.69197200
.72827600
.79280700
.94736800
.05619400
.82381700
.36755900
.99689500
.20462600
.20119700
.20454400
.27378900
.26221300
.09084200
.28655500
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Electronic Energy= -5509.233639 Hatree
Gibbs Free Energy= -5508.147344 Hatree
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8
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.52684700
.96924400
.19277200
.33644600
.50556500
.84635700
.83144900
.42549700
.19328800
.33239700
.17734200
.09582200
.77157200
.66745800
.79773300
.35391600
.56314500
.93699600
.64869900
.42058400
.07134000
.21077100
.44809500
.69401400
.72500700
.00417100
.06124400
.69146000
.37018900
.37314400
.28358600

.71592000
.68900100
.02812000
.67563400
.26287000
.04020400
.49648200
.75379100
.26998600
.23553100
.35308100
.21266400
.26593600

1.47210400
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.21027800
.40542800
.03676000
.29124000
.90963100
.34570100
.08084200
.33246200
.12146900
.42930700
.69295200
.77146000
.30654100
.39970800
.40483300
.68455300
.48959600
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.40607100
.70581000
.50958800
.01420200
.38697700
.08786300
.03460100
.85620900
.14304300
.78343600
.01734600
.08708100
.27109700
.90769500
.65784300
.94138900
.76055600
.90708800
.45730400
.63014000
.54816900
.12932700
.51706700
.84711300
.81803800
.18450700
.02281600
.63504800
-3.
.28674300
.76052400

35173100
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.41397100
.63321600
.08688300
.56048400
.75207300
.95772900
.35633000
.67489800
.51878200
.57191800
.73233500
.72438100
.59803200
.18793300
.39966100
.17959000
.61527000
.33564200
.92851200
.43465400
.11551700
.47167000
.80975000
.89762400
.77954100
.65993700
.22535000
.86060200
.29783600
.64661100
.79044000
.29756500
.66862000
.89640300
.57901900
.40263300
.76531300
.36370100
.76285600
.40357000
.30303300
.01163500
.39897800
.54883500

.64830500

2.16788800

.43527600
.09083200
.04655000
.22312200
.21151000
.92295400
.40221000
.43178500
.40793200
.97299900
.52297600
.32012400
.32235200
.66232200
.36776600

0.04391600
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.83107500
.32751200
.39033400
.10400000
.22480100
.77933600
.25339800
.82747500
.17292200
.04338300
.30848600
.19415800
.22704800
.27731300
.48852800
.13734400
.52827500
.16805300
.23007400
.14107200
.40353500
.96960300
.75656300

3.46171200
1.96819800
3.23704300

.52941600
.22406900
.31278900
.24834200
.88132000
. 20720000
.33761500
.96272000
.67512600
.78666900
.23831000
.79122600
.61193800
.61260200
.50812700
.69492600
.85236200
.85932600
.33264300
.54263600
.92199200
.53384600
.85000100
.83919800
.79193400
.03726100
.67847800
.87504200
.25442200
.87405300
.49450900
.00649100
.56300800
.08676600
.03893600
.25820300
.06260000
.44342700
.14343300
.57337000
.53327900
.62027600
.05429200
.17153700
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.79385400
.48553700
.95887200
.85176700
.64722400
.51564300
.88898800
.92352800
.58562000
.80018700
.28002500
-3.
.17896100
.06727900
.89460400
.10287900
.89430200
.07112800
.81215700
.17852800
.18234700
.90544800
.10034300
.33280000
.87273600
.12464400
.19855100
.27265000
.43656300
.72151400
.99635300
.02401100
.88548100
.09201600
.26829900
.68365800
.00592500
.85501500
.91158400
.07227400
.52984200
.10273200
.63973800
.21406400

34925500
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.47147800
.92775600
.39308400
.70802400
.84064300
.74239400
.06978200
.57813300
.59205100
.00022900
.73017500
.92248700
.45971300
.92451100
.17149700
.09549200
.35209800
.33457600
. 58054000
.79258400
.67104600
.88345200
.91302200
.71864400
.80757500
.60377700
.77357500
.69487300
.56121300
.26429300
.64829500

1.62055400

.09599600
. 20007400
.18812400
.40521000
.14927700
.39526700
.66760900
.52243900
.46335100
.60181300
.88875200
.39381800
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.75524700
.19057500

0.00499700

.81796000

1.95048500

.65558900

1.35728700

.46537200
.00884800
.95000100
.02559100
.82462300
.31926700
.60523600
.78286200
.33870600
.02707100
.51075800
.77584600
.78897000
.33722500
.07723900
.35510400
.39588400
.71254900
.65262900
.27764100
.51424500
.18160500
.16795600
.50402000
.16098400
.15493400
.46922900
.29301300
.84447500
.41168600
.67514000
.10700200
.94278800
.22532300
.40638100
.36153900
.76119000
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.82079200
.97949000
.12037600
.68107500
.19808800
.49814600
.21687100
.05840500
.42910000
.43564300
.09166000
.86233700
.84655200
.88101100
.19652900
.34925200
.02588100
.93320900
.18069700
.61117200
.53205100
.50790300
.84118600
.72668300
.33989400
.29184000
.39405400
.77487300
.82563000
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.42503300
.90571600
.07787000
.75662000
.23770200
.37829600
.29634700
.05619200
.72972900
.48180800
.01655700
.15163300
.39884500
.29989800
.84606900
.69073400
.06738600
.57487300
.61654000
.73085400
.60463900
.22886100
.52957500
.40623600
.75527700
.20448600
.30211700
.03325900
.04928600
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.09578000
.85407500
.56469900
.02028400
.51809800
.34864100
.91309500
.80389400
.89940400
.17292400
.41204100
-1.
.19562400
.75613500
.60178000
.48887200
.70749300
.41387500
.69087000
.76192800
.00318900
.46348800
.36279100
.70759000
.31522100
.59226500
.20470500
.11943800
.64832000

12871400
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Electronic Energy= -5509.366273 Ha

Gibbs Free Energy= -5508.278499 Hatree

3
4
5
5
4
4
5
5
5
6
5
6
5
6
6
6
6
7
7
8
6
2
3
2
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2
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.90966600
.99400900
.29751000
.88044700
.31107700
.84067700
.39914000
.56026100
.76207800
.07493900
.28112700
.27113600
.64198600
.43200400
.20429800
.54009800
.92511700
.29881300
.66505400
.09868200
.44224700
.75612400
.04119500
.14271200
.91472800
.55625500

-1.80074800
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.82334800
.80931000
.06757600
.41431200
.81832200
.20112700
.28651200
.53092700
.69128500
.24182000
.95396200
.25453300
.02577700
.98432800
.99703200
.32906600
.67495200
.70912200
.99886700
.35362100
.27961700
.13931600
.21535200
.06291800
.50421300
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.56448000
.77111600
.82831300
.16530900
.34947400
.33181100
.03153900
.07381300
.24676800
.29678300
.94255500
.46812700
.44171100
.50076700
.11286000
.60405800
.72994800
.97540700
.00316900
.29753100
.87617400
.11934300
.03389300
.41614900
.06399200
.03958700
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.10211100
.60119800
.74530000
.51593000
.85316900
.08819300
.11739300
.73031800
.85062600
.19638700
.43040700
.11182500
.53028500
.35013400
.38222800
.69202400
.15784700
.01293900
.40847500
.18862300
.89065400
.06594100
.09156500
.49874700
.25167300
.04830800
.97714200
.53686700
.69688400
.18730200
.67464500
.86671000
.68935200
.05352500
.77874000
.58004000
.29559000
.43642700
.07380700
.17434800
.69265600
.40148400
.05142100
.47469800
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-3.

.16490900
.06516800
.60876600
.43290000
.03649900
.59057700
.29730000
.69825700
.99933700
.70249800
.34819800
.76497300
.41936800
.41834400
.57037000
.12656600
.53406200
.70081800
.18015000
.47522900
.13382600
.54015700
.94758500
.68879200
.02806400
41904400
.98561100
.01808900
.89475200
.36737400
.63860800
.70549300
.15656500
.53149400
.43431900
.59029900
.33980900
.25486700
.32936400
.73332000
.04803900
.57372500
.17618700
.39785400

.30433300
.37256000
.26823800
.89628500
. 80894500
.04868500
.08053700
.63857700
.45572600
.23314800
.74012500
.27900700
.23603500
.78284000
.92561600
.55582200
.09223700
.77755000
.37203300
.85349700
.87604400
.01484300

0.58763500

.46909100

0.52713200

.58713400
.07375200
.01874600

1.07632500
1.93538600
1.39691000

.46937700
.45215000
.22136900
.19221600
.25815400
.44867300
.11592900
.58337400
.23375600
.71264000
.33183000
.72528900
.40834700
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.68308300
.47342200
.46608300
.57093400
.97567600
.05723900
.10133500
.24816700
.96516700
.29075100
.26123000
.36625100
.08656200
.38370000
.29755300
.43573800
.35236900
.87864100
.19890300
.45265900
.08721800
.53463400
.34102800
.57945900
.66414500
.11379700
.00095400
.36027800
.437115600
.06145800
.50977500
.82331100
.19633700
.24400400
.82837900
.92053900
.50372600
.11138900
.97325500
.40627700
.08244000
.75731300
.51632300
.75324900

.60545100
.04899600
.25598500
.01353000
.84442500
.01457800
.19239000
.46199500
.06404700
.67063800
.87021300
. 80460200
.21790600
.72211800
.18016000
.28172300
.70347500
.42039300
.83441300
.23919700
.07328700
.75415400
.47189000
.90606100
.88427000
.41019000
.54838800
.28508400
.37741100
.21649500
.74471700
.34578600
.01219200
.89738700
.11518300
.70716200
.59090900
.85555100
.90676900
.00487500
.06289600
.55109200
.16481500
.93538500

.10645000
.32153100
.32477200
.16560900
.07502700
.26657200
.42470200
.81131200
.98340400
.96176400
.26557400
.15721200
.96036000
.22509300
.57490600
.60740200
.67411200
.63865700
.80329000
.25429900
.56184200
.32220800
.99932400
.13539300
.14882900
.69420000
.46272200
.73128200
.74359700
.30734000
.55201900
.60407100
.93137900
.27475400

2.38070600

.18379200
.04781400
.49453500
.59837200
.55774400
.65739000
.44983000
.49163900
.42222000
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.37630800
.23465500
.28423600
.43219000
.67544200
.80872700
.29677400
.32331500
.31047700
.78631300
.78797100
.42633500
.76493900
.07769200
.59495600
.42730600
.05351600
.52423300
.67315700
.71650900
.91062300
.58346300
.69829700
.39555900
.60373800
.25468100
.70278000
.66704500
.45920000
.66097800
.61113200
.83937400
.34312800
.61621300

.18800500

0.47242400
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.14323400
.04766800
.67613800
.12513100
.07561600
.68289700
.91478700
.50493100
.66188200
.29332400
.89388900
.30799200
.21304000
.19317500
.42899100
.51940200
.32091800
.55752400
.23252600
.79523100
.49273500
.34781900
.05641700
.31203500
.37390200
.69721100
.33299100
.24706200
.48704000
.84836800
.29997700
.92391300

.39042900
.34457300
.11558600
.70316800
.55125800
.80669700
.18495200
.25972800
.47366800
.53291000
.23303700
.94143200
.46055600
.88802300
.91947600
.83813200
.02688500
.98149400
.89215500
.08026800
.95802500
.74068400
.23520800
.37688400
.07663600
.53483700
.60597400
.46703200
.58929800
.32886800
.74690900
.60698500
.71851100
.89803000
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Electronic Energy= -5585.776898 Hatree
Gibbs Free Energy= -5584.666239 Hatree

2
3
3
4
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6
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3
3
2
4
2
1
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3
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5

.54887900
.86598100
.72013100
.54924600
.16883600
.44015500
.16666800
.94298100
.95899200
.50610000
.32390700
.51140000
.13531100
.28624200
.33269800
.12242500
.00143900
.04995500
.10453300
.17871600
.17135700
.28786900
.36961100
.28915900
.33825900
.55789900
.12391500

.78448900
.31062200
.74202800
.94775100
.46381200
.15940800
.62883000
.90499700
.72839800
.27139900
.61303900
.09253800
.26892700
.36383600
.27056300
.37897300
.23692100
.52242700
.32671000
.27563200
.23349500
.12824100
.54519300
.09133400
.04357200
.07261200
.78781500
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.77813700
.06049900
.17042200
.62018600
.93551800
.54357500
.79226800
.31467700
.50621400
.53646200
.76930000
.73039500
.10517500
.25052200
.92914500
.27785900
.64440400
.09870000
.11052200
.15305900
.20688500
.24625100
.09747400
.29376100
.30989700
.05124900
.32695100
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.43026700
.08640700
.30087300
.95042900
.46910600
.74860900
.04231800
.27882200
.75209700
.91547000
.48283400
.18033300
.66458800
.58003000
.07648000
.37878100
.83942300
.271179600
.17465300
.23958400
.37669800
.69200700
.19353000
.40185500
.63476200
.53482400
.79281900
.73969400
.81107600
.56194400
.62054100
.58464800
.50444300
.47133000
.08391000
.84426600
.95482900
.46162000
.71544600
.31291800
.79617300
.27805700
.79538600
.16163800

.71276800
.35772900
.28867300
.01259600
.83834200
.74180900
.47182100
.12242400
.85410800
.17888600

2.75633400

.58198000
.77359900
.09964000
.85401100
.71377300
.09373600
.32196000

0.32727700

.46877300
.01318500
.11155900
. 86205000
.28611700
.55504500
.06034400
.23455900
.34700400
.45291800
.20585100
.93679200
.00678600
.92125500
.01279600
.82472700
.48907200
.66263900
.83503900
.22445500
.12479700
.84742200
.27747100
.04260400
.61522500

.16200400
.19147900
.36281500
.73069200
.89174300
.60040700
.34019300
.76484300
.61832500
.12231500
.88988200
.15870000
.84032600
.92906700
.05251900
.42847000
.00522900
.06468400
.56539400
.05773700
.61196800
.44182600
.40376300
.48540500
.84073400
.22229700
.46826200
.49450600
.20755900
.64090900
.16833700
.34044700
.46778800
.29526300
.56476500
.73546600
.64015900
.39059700
.92388500
.45523900
.19468800
.15081000
.30484600
.37917500
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.96309000
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.99681000
.99237100
.06353400
.79438800
.06971700
.97162600
.22317700
.08431900
.46437000
.62264200
.56685700
.86614200
.54535100
.80775200
.32519900
.96066600
.76100700
.87656600
.93252200
.64779900
.56220700
.62514800
.42248000
.81359900
.49314800
.73578100
.39936100
.07189100
.74959800
.59696800
.94027400
.61482600
.65269900
.95844600
.86230300
.79379600
. 80462400
.41200200
.23673900
.16514300
.42149100
.09573900

-4.15193500
-4.56302200
-2.73440200
-2.01591100
-3.50249500
-4.74955000
.22411000
.58944100
.20909800
.89116200
.36196800
.88143600
.64852100
.68430700
.43121200
.46075700
.22062600
.97067600
.09145900
.89978400
.81220500
.18889200
.45505700
.93282100
.47081400
.67627600
.95070400
.05552000
.23230000
.02156600
.05098600
.79061800
.71310900
.17819600
.29614300
.10844200
.16591500
.85746300
.93932300
-1.60340700
-4.67938700

4.66293100

4.79389800
-5.75858100
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.44963600
.25870200
.13955300
.75597900
.67655600
.07904100
.09860200
.27262700
.08401200
.09399500
.47131600
.88922000
.66749500
.48346600
.95050000
.26990300
.12499300
.67549200
.01629400
.19934700
.13827400
.01373700
.58909900
.05397700
.17301600
.34887800
.34620200
.38907400
.20213900
.11299100
.91363800
.17188000
.62219100
.05903300
.39915600
.54508900
.43316500
.74192000
.66660900
.28547600
.76758400
.25814900
.26548200
.39935100
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.00403400
.14075000
.67921200
.63809400
.31157200
.77702900
.33359000
.78095200
.91555200
.22556700
.77455700
.95195400
.63965700
.24205800
.61470500
.82358700
.23131400
.79404600
.43044900
.59772300
.25558000
.57794800
.93895900
.68680300
.35509800
.80493400
.99436100
.59767000
.59021400
.38956700
.719975600
.63106100
.82184500
.61611800
.24333700
.54683400

-5.
-5.

-3.
-2.
-1.
-1.
-2.
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95093800
48370600

.95974500
.22686800
.81651000
.76320800
.59533300

44247100
97333100
94813200
10760900
67473700

.57663700
.11970800
.17001000
.83044900
.41728900
.71010900
.43064300
.34011500
.08343700
.43669100
.54609900
.41974100
.06720300
.50364100
.95798500
.45541000
.94548100
.03235700
.64919800
.96799200
.43107600
.54049000
.21006900
.17591800

.32026400
.60479700
.20340700
.99287600
.95150100
.27638600
.73721300
.16938100
.88373300
.76112000
.32342100
.13765200
.60860500
.76767000
.26700200
.37271900
.83367300
.212185600
.47196200
.86320000
.15011200
.64104800
.09654700
.16828000
.62454400
. 26095600
.11256500
.02572600
.85626500
.04626300
.20572300
.96647800
.51812800
.12556400
.15627200
.73477200
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Electronic Energy= -1718.710625 Hatree
Gibbs Free Energy= -1718.710625 Hatree

.94591800
.96471900
.14530800
.88927800
.47642400
.42369300
.18678400
.52490600
.07683900
.09220400
.40073000
.70228900
.18290100
.09637500
.48232300
.44720000
.18503800
.20542100
.25107800
.85219400
.72525500
.06563600
.83493500
.76614800
.67835900
.64039900
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.32038200
.66539800
.67590300
.07863900
.59812900
.07680900
.49961000
.02956700
.85622200
.76510500
. 38485600
.70923200
.80289700
-4,
.11568900
.54120200
.30592100
.13682200
.53080000
.45896700
.23419500
.85879600
.15866000
.54573900
.31881900
.60186600

17331800

.22177700
.10106000
.44604600
.48891000
.82304400
.16694500
.47568800
.15143500
.76575100
.27088900
.44128200
.87410700
-1.
-3.

Q.
-0.
-0.
-1.
-1.
-2.
-2.
-0.
-2.
-2.
-2.
-3.

75078700
79165400
35996900
23215800
70398000
37979500
45868000
01085500
15252500
96526500
70178800
77544600
20584000
17537800
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.53630100
.92377600
.48210800
.10308600
.84276900
.05725400
.04797900
.81201100
.15504500
.41570800
. 76800000
.86215300
.19511400
.12337600
.64498300
.36298300
.90100100
.11081900
.61043300
.06567000
.09473700
.27630700
.66409100
.98075000
.17725600
.93420100

4.09223100
0.08884800
-0.30182400
0.06374400
-0.42377400
0.29997100
0.16853100
-0.18581200
-0.70930100
0.17890800
0.58611200
-0.28651400
0.21147400
1.28894800
-1.17353000
0.55026800
1.53864000
0.53263100
-0.22712000
2.42933300
-5.86241800
0.43509300
0.32419700
1.02935600
0.56736000
-0.69533500

-3.31439600
-2.01991800

w W NN R RPRRPOWNRORNOLR

N WN W W R

Q.
.579271600
.00273100
.55847300
.83035400
.97031200
.00093700
.25937300
.56702300
.71291800
.36448600
.05180600
.34239500
.88621700
.81075700
.68432700
.04564300
.22140000
.97939200
.28117900
.01421900
.23509200
.94664400
.71059000

(O]

28637400



(+)-2a: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min™, A = 254 nm

200 Z3d #605 [modified by yiw-hplc] 7j-13-200-rac-IB-90-10-10-254 UV WIS 1
Al WWL:254 nmi
150
100
50| /1 ~16.980 2-19.153
4 l.l’ }I(
/
1 ! I.l'l A
1 ;.llll \ ! \
i . — —
-20 T — T T " L I T min
15.00 16.00 17.00 18.00 19.00 20.00 21.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 16.98 n.a. 52.440 28336 50.39 na.  BMB*
2 19.15 n.a. 48.211 27.897  49.61 na _ BMB*
Total: 100.652 56.233  100.00 0.000
7). #5604 [modified by viw-hplc] UV WIS 1
7001 AU WAL 254 nm
600
500
400
300] ﬂ1 -16.673
§ Y
: [
200 I,' "\
] |
| Fo
100 II.' \
1 ,
] / \ 2 -18.060
— : I
-20 ] — 1 T T 1 T ]
15.00 16.00 17.00 18.00 19.00 20.00 21.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 16.67 n.a. 302.792 145986 97.10 na.  BMB*
2 18.96 n.a. 9.877 4.359 2.90 na _ BMB*
Total: 312.669 150.345 100.00 0.000




(-)-2a: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min, A = 254 nm

200 Z3d #605 [modified by yiw-hplc] 7j-13-200-rac-IB-90-10-10-254 UV WIS 1
Al WWL:254 nmi
150
100
50_‘ 1-16.980 219453
j / /
/N /\
/ \ /
/ \
] . -~ /000~ ]
-20 " 1 — T T T T T T min
15.00 16.00 17.00 18.00 19.00 20.00 21.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 16.98 n.a. 52.440 28336 50.39 na.  BMB*
2 19.15 n.a. 48.211 27.897  49.61 na _ BMB*
Total: 100.652 56.233  100.00 0.000
1.200_2JJ #766 [modified by yiw-hplc] UV _VIS_1
’ mAU WVL:254 nm
1,000+
800+
600
2-19.307
I
A
1 /
400 / \
] [\
1 | Y
200+ )I \
1-17.700 /
20 = —
- T T T T T
15.00 16.00 17.00 18.00 19.00 20.00 21.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 17.70 na. 25.991 10.602 3.13 na  BMB*
2 19.31 n.a. 547.788 328.245  96.87 na. _ BMB*
Total: 573.779 338.847 100.00 0.000




"Pr

(+)-2b: 1A, n-hexane/2-propanol = 90/10, v = 1.0 mL min, A = 254 nm

Os/
SN
~0

1 200_2ZJ #6856 [modified by iw-hplc] Zjj-14-15-rac-IA-80-10-10-254 UV VIS 1
! mAU WWVL:254 nm
1,000+
8004
600+
400
] 1-10.667
.:ﬂ
1 f \ 2-13.400
200 { /\\
i )II'II / \\
20 -7“/— ——— —‘/— e ————————— 1|
- T 1 T [ T T v T T T T T ] T Tt T T T T T
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 10.67 n.a. 291.577  164.271 50.68 na. BMB*
2 13.40 n.a. 218.055 159.846  48.32 na _ BMB*
Total: 509.631  324.117 100.00 0.000
1 20024 #6857 [modified by yiw-hplc] UV VIS 1
! mAU WWL:254 nm)
1,000+
8004
600+
400 2-13.567
i N
[
i [
200 /
4 ||'
l.’"
1-10.787 /
[ T - e Wit
20— T T T 1 T T T
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 10.79 n.a. 44,860 19.995 7.54 na.  BMB*
2 13.57 n.a. 373.569 245349 9246 na___ BMB*
Total: 418.420 265344 100.00 0.000




+)-2¢: IE, n-hexane/2-propanol = 98/2, v = 1.0 mL min™, A = 254 nm
(+) prop

|« PMP
O =
Ph
4p0_2Jd #8661 [modified by yiw-hplc] _zjj-14-16-rac-IE-98-2-10-254 UV MIS 1
mAU WWL:254 nm|
300
200
2 -34.367
100
- :~;ﬂ__._‘_‘_'_
20— . . . . . . . . Imlin
28.0 30.0 313 325 338 35.0 36.3 3rs 38.8 40,0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 31.67 n.a. 106.941  134.765  49.65 na. BMB*
2 34.37 n.a. 93.464 136.656  50.35 na__ BMB*
Total: 200.405 271.421 100.00 0.000
40G_Z.JI.J #662 [modified by viw-hplc] zj-14-16-chiral-|[E-88-2-10-254 Uy VIS 1
mALl WWL:254 nm
300+
200
100 /g -34.660
f
1. 32.860 .
[ BT s P — .
20—y T T N T T T e
28.0 30.0 31.3 325 338 35.0 36.3 375 38.8 40.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 32.86 n.a. 9.201 B8.472 7.25 n.a. BMb*
2 34,66 n.a. 84,869 108.326 9275 n.a. bMB*
Total: 94.070 116.798 100.00 0.000




+)-2d: IE, n-hexane/2-propanol = 95/5, v = 1.0 mL min™, A = 254 nm
(+) prop

Chro am ]
1,000
875
7504
g 625
% 500
2 ars]
1] - 15508 216620
250
1254
4 1
-20- T T T T T
13.00 14.00 15.00 16.00 17.00 16.00 19.00
1} (] [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAl % % na.
1 15.598 121.798 301.871 50.00 51.63 na.
2 16.620 121.787 282,759 50.00 48.37 n.a.
Total: 243.585 584.630 100.00 100.00
Chromatogram
5,000 — -
4,000+
%’3.000 1
=]
=
£
gzlmo_ 12-16.183
1,000+
-30+ T T - T T T
13.00 14.00 15.00 16.00 17.00 18.00 19.00|
11 (] [min]
|Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mALl % % n.a.
1 15.407 70.838 194.071 6.18 9.04 n.a.
2 16.183 1075.155 1952.437 93.82 90.96 n.a.
Total: 1145.993 2146.508 100.00 100.00




(+)-2e: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min, A = 254 nm

NO,

300_2Jd #640 [modified by yiw-hplc] _zj-14-2-rac-IB-90-10-10-254 Uv \IS 1
JmAU WWL:254 nm
250
200
150-]
100—_ 1-32.373
1 / 2 -38.507
|II \\ /\
50 [ N /
4 /
1 { . / \“x_“___
A | 'Hq__'_ T T I| 1 T H'H__T_'_ T o
30.0 32.0 34.0 36.0 38.0 40.0 420 45.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 32.37 n.a. 95,394  149.351  49.98 na. BMB*
2 38.51 n.a. 72834 149498 50.02 na.___ BMB*
Total: 168.228 298.849 100.00 0.000
400_ZJd #6841 [modified by yiw-hplc] zj-14-2-chiral-IB-80-10-10-254 UV VIS 1
mAU WAL:254 nm
300
200
: 1-32.733
s
i
4 ||I \
100 | A
4 ||
|
p ||
] / ~— 240800
. S
30.0 32.0 34.0 36.0 38.0 40.0 42,0 45.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 32.73 n.a. 167.535 284.562 9255 na.  BMB*
2 40.80 n.a. 15.096 22.914 7.45 na___ BMB*
Total: 182.631 307.476 100.00 0.000




CF3

(+)-2f: IE, n-hexane/2-propanol = 98/2, v = 1.0 mL min™, A = 254 nm

go0_2Jd #654 [modified by yiw-hplc] _zj-14-12-rac-IE-98-2-10-254 UV VIS 1
—mAL WWVL:254 nm
750
625
500-]
375
1 1-14.567 2 -15.807
250+ / ;
1 If \ /
] / / A
125+ i
] / \
] / N A S~
) — S | — — L —LL
13.00 14.00 15.00 16.00 17.00 18.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 14.57 n.a. 271.003 144.871  49.64 n.a. BMb*
2 15.81 n.a. 246636 146.982  50.36 n.a bMB”
Total: 517.639  291.852 100.00 0.000
2 5p_2Jd #655 [modified by iw-hplc] UV VIS 1
' mAU WWL:264 nm
2,000
1,500
2 -15.367
1,000
I||I \
AN
500 ,'I S
III
II
_1-14.507 }.'
,_,.{./ i T
-20 — T T T/ 1 7
13.00 14.00 15.00 16.00 17.00 18.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 14.51 n.a. 111.696 47.054 7.03 na.  BMb*
2 15.37 n.a. 1035.430 622.363  92.97 na.___ bMB*
Total: 1147125  669.417 100.00 0.000




(+)-29: IG, n-hexane/2-propanol = 80/20, v = 1.0 mL min*, A = 254 nm

Chro am

300

250

¢

1504

Absorbance [mAU]

11-14.325

12 - 17 675
1004
504
0_ T L T
-20 N T T T T T T T
11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 200 21.0
4} [#] [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mALl % % na.
1 14.325 89.379 132.634 50.20 54.56 na.
2 17.675 88,670 110.469 49.80 45.44 n.a.
Total: 178.049 243.103 100.00 100.00
Chro am
4,000
3,500
3,000
g 2,500
% 2,000
< 1,500 \2- 17367
1,000
500
- 14.462
.30 : L
110 120 130 140 150 16.0 17.0 180 190 200 210
Ik} ) [min]
Integration Results
Mo, Peak Mamea Retention Time Area Height Relative Area Relative Height Amournt
min mALU*min mAL % % na.
1 14.462 135913 263,585 11.10 15.76 na.
2 17.367 1088.841 1409.083 88.90 84.24 n.a.
Total: 1224.753 1672.669 100.00 100.00




(+)-2h: IE, n-hexane/2-propanol = 95/5, v = 1.0 mL min%, A = 254 nm
MBS

Chrol am
1,400 4
1,200
1.0004
=
= 800
g
é 600
ES
11-34.022
400
2004
= = ; - = — = — g ;
31.00 32.50 3375 35.00 36.25 37.50 38.75 40.00 41.25 43.00]
It} [8] [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mALl % % n.a.
1 34.022 522.197 443,955 50.12 52.59 na.
2 38.283 519.680 400,288 49.88 47.41 na.
Total: 1041.877 B844.243 100.00 100.00
1 200_2JJ #746 [modified by yiw-hpic] Uv vIS 1
! mAU WWL:254 nm|
1,000+
8004
600
: 2 -37.480
400 [\
] [\
/ \
_ [\
200 JII Y
1-33.873 { \
-— . S T - / == T i
B e B I A B L L L L L L B B T
31.0 325 338 35.0 36.3 375 38.8 40.0 41.3 43.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 33.87 n.a. 64.255 56.908  10.55 n.a. BMB*
2 37.48 n.a. 453.692 482752 8945 n.a. BMB™
Total: 517.947 539.660 100.00 0.000




(+)-2i: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min™, A = 254 nm

Me
1 opo_Zd #6811 [modified by yiw-hplc] UV VIS 1
’ Im AL WL 254 nim
8OO
600
1-13.080 2. 13.967
4004 Y o
] [ A
[ [
[\ [
b [ | |
200 \ | \
|
|'I \ II| \
.'I \*/'l
20— : : — — :
11.00 12.00 13.00 14.00 15.00 16.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 13.08 n.a. 413.183 141223  49.75 n.a. BMb*
2 13.97 n.a. 384021 142626  50.25 n.a. bMB”
Total: 797.205 283.849 100.00 0.000
2 0po-_Z3J #614 [modified by yiw-hpic] UV VIS 1
' im AL WWL:254 nm)
1,500
1,000+
1-13.073
A\
|
[
| I|' \
500 l".
"n
|
\
|I \
/ \ 2-14.113
o ———— L e
11.00 12.00 13.00 14.00 15.00 16.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 13.07 n.a. 902.784 320.449 9547 n.a. BMb*
2 1411 n.a. 45.644 15.221 453 n.a. bMB*
Total: 948.429 335.670 100.00 0.000




(+)-2j: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min, X = 254 nm

MeO
ZJJ #617 [modified by Wiw-hplc] U WIS 1
8001 AU WL:354 nm
625
500
375+
i 1-15.960
2 -17.200
i \ Ilr’\
250+ [\ /
1 \ [
} [
] | ‘\.. { Y
125-] | Y (
1 | A |
: / \\ J'III
20— T __'_L/ _| — ‘-L‘ T |- - T "
14.00 15.00 16.00 17.00 18.00 19.00 20.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 15.96 n.a. 318.077  140.783  49.95 na  BMB*
2 17.20 n.a. 285.703 _ 141.063 _ 50.05 na.___ BMB*
Total: 603.780 281.846 100.00 0.000
1 200_2J #620 [modified by yiw-hpic] UV VIS 1
N mAU WWL:254 nm
1,000+
800+
600+
1-16.013
1 { \".
400—_ [ \.\
| }
|| |
200 ] I \
_ [\
[ \\
/ 2-17.573
J —_ T )
-20 T L Y T —T— - —T— L =
14.00 15.00 16.00 17.00 18.00 19.00 20.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 16.01 n.a. 516.886 243.700  95.57 na  BMB*
2 17.57 n.a. 24.941 11.283 443 na.___ BMB*
Total: 541.827 254.983 100.00 0.000




(+)-2k: 1A, n-hexane/2-propanol = 80/20, v = 1.0 mL min™, A = 254 nm

Ms
’
i N
V
| «PMP
F o =
Ph
300_Z2JJ #6486 [modified by yiw-hplc] Zj-14-11-rac-lA-80-20-10-254 UV VIS 1
mALl WWL:254 nm
250
200-|
150
j 1-10.360
] ‘\II 2 -11.853
100— II III| |II II'\
4 II ||I II' \I"
1 |
1 | \ / “'-.
| \ \
50 | \ /
] / N, f \
J { !
/ \_'/ B
4 s —_— __|
A"
8.00 .00 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 10.36 n.a. 123.172 62.411 50.01 n.a. BMb*
2 11.85 n.a. 109.022 62.398  49.99 n.a bMB*
Total: 232.194  124.809 100.00 0.000
1 200_2JJ #647 [m odified by yiw-hplc] UW VIS 1
! mAU WWL:254 nm)
1,000
8004
600
2-11.847
400 ,/ \
4 II I“.
4 II "'.
/ \
2004 |
[\
1 EEIETI \aﬁ_ :
-10 T e e 4
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 10.38 n.a. 29.786 11.972 4.47 na.  BMB*
2 11.85 n.a. 464.360 255505 9553 na.__ BMB*
Total: 494.146  267.567 100.00 0.000




(+)-21: 1A, n-hexane/2-propanol = 90/10, v = 1.0 mL min, X = 254 nm

PMP

Cl (O 1=
Ph
5OD_Z.JI.J #664 [modified by yiw-hplc] zj-14-22-rac-IA-90-10-10-254 uw MSs 1
_mAU WAL:254 nm)
400
300+
2004
| 1-19.800
1 A
j [ f'{ - 25.880
100 [ I
] II| \ /1 b
T / \
| / /N
— = —- L _____-—__f 4
B i S B S L L B "
16.0 18.0 20.0 22.0 240 26.0 28.0 30.0 32.0 34.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 19.90 n.a. 175.326  190.812  50.00 na.  BMB*
2 25.88 n.a. 120.859 190.836  50.00 n.a.___ BMB*
Total: 296.185 381.648 100.00 0.000
5OD_Z.JI.J #665 [modified by viw-hplc] zjj-14-22-chiral-1A-80-10-10-254 uv MSs 1
AU WWL:254 nm)
400
3004
200+
1 2 -26.307
1 N\
100 Y
i { Y
. 1-20.287 \
. e — .
S L L s I R L R L —n
16.0 18.0 200 22.0 24.0 26.0 280 30.0 32.0 34.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 20.29 n.a. 14.787 12.680 5.64 na. BMB*
2 26.31 n.a. 136,382 212253 94 .36 na__ BMB*
Total: 151.168 224.933 100.00 0.000




(+)-2m: IG, n-hexane/2-propanol = 50/50, v = 1.0 mL min™, A = 254 nm

Br
1 poo_2JJ #6821 [modified by yiw-hplc] Uv VIS 1
' im AL WWL:254 nm
BOO
GO0 1-8.200
I
] fl
] I
| |
| [
400 | ||
] 2-11.733
[
| [
] | |
[ i
200 [ [
| I| |I "\
] [ fo
] [ Y. Ny
20— 'Il'"|""|""|"m.r
7.00 875 10.00 11.25 12.50 13.75 15.00 16.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 8.20 n.a. 586.328 203.6684 4992 na  BMB*
2 11.73 n.a. 343.080 204304 50.08 na __ BMB*
Total: 929.408 407.968 100.00 0.000
1 ooo_Zd) #6872 [modified by yiw-hplc] UV VIS 1
’ m AL WWVL:254 nm
8OO
600
I,(S -12.580
400
4 II \"'|
II “‘.
i | Y
| 1
200 | y
[\
1-8.540 { \
20— AL H L I N
7.00 875 10.00 11.25 12.50 13,75 15.00 16.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 8.54 n.a. 68.638 24.071 7.68 na. BMB*
2 12.58 n.a. 416.534 289.462 9232 na _ BMB*
Total: 485172  313.533 100.00 0.000




(+)-2n: IG, n-hexane/2-propanol = 50/50, v = 1.0 mL min™, A = 254 nm
Ms
’
N
Me
| «PMP
O =
Ph
go0_2Jd #601 [modified by yiw-hplc] Zjj-13-201-rac-1G-50-50-10-254 UV VIS 1
mAL WL 254 nim
500+
400
300+
j 1-7.780
200 M\ 2-9.180
- [\ N\
f \
100 / \‘\ \
| | i
| J/ S /
- N\
20 v T 1 —r "
.00 7.00 8.00 9.00 10.00 11.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 7.78 n.a. 213.476 87.018  48.30 n.a. MB*
2 9.18 n.a. 182.174 93.134 5170 na _ BMB*
Total: 395.650 180.152 100.00 0.000
600-Z2JJ #603 [modified by yiw-hpic] UV VIS 1
mALl WWL:254 nm
500+
400
3004
2004
] 2-8.993
4 llr., -\
100+
_ /A
/ Y,
j / \
1-7.680
] T N R
-20 T T T 1 —r— "
6.00 7.00 8.00 9.00 10.00 11.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 7.68 n.a. 24.388 8.146 1013 na.  BMB*
2 8.99 n.a. 154.492 72.286  89.87 na___ BMB*
Total: 178.880 80.432 100.00 0.000




(+)-2t: 1A, n-hexane/2-propanol = 70/30, v = 1.0 mL min, A = 254 nm
OBn
3 onp_2J #627 [modified by yiw-hplc] Uv WS 1
! im WWL:254 nm)|
2.500—-
2,000
1,500-]
1.0004 1-12.120
4 |'n'
I
1 I| '.II 2-16.813
500 [ /\ Y
] | /
] | 4 / \
_ I\ / N\
— —_ _ _ "
2= .—l'—-—.".‘—-lL/-. ————
9.0 12.0 14.0 16.0 18.0 200 22.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 12.12 n.a. 939.596 585337 50.66 n.a.  BMB*
2 16.81 n.a. 624.379  579.748 49.34 na__ BMB*
Total: 1563.975 1175.085 100.00 0.000
400_2J #628 [modified by yiw-hpic] uv s 1
mAL WWL:254 nm
300
200
j |r'1 -1z2.120
_ i
Il
1 I
100 [
| 1
] || \
i || \\.
/ \____ | 2-16.633
L P s — ---|---|---|---rr1ir1
2.0 12.0 14.0 16.0 18.0 20.0 22,0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 1212 n.a. 173,132 102904  97.54 na.  BMB*
2 16.63 n.a. 4.107 2.501 2.46 na. BMB*
Total: 177.240 105486 100.00 0.000




(+)-2u: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min™*, = 254 nm

200_ZJJ #666 [modified by yiw-hplc] zjj-14-25-rac-1B-90-10-10-254 Uv IS 1
mau WWL:254 nm|
150
100
| 1-18.887
j n
I
j f\
1 [ 2 -28.493
50— || | I
{
4 | II I|l
] || \ /
j | /
e\ - J\L
s R ) B A S R T T T T 1 —m0
16.0 18.0 200 220 24.0 26.0 28.0 30.0 32.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 18.89 n.a. 75.054 42161  49.79 na.  BMB*
2 28.49 n.a. 50.906 42.508  50.21 na___ BMB*
Total: 125.960 84.669 100.00 0.000
800_ZJJ #667 [modified by yiw-hpic] uv VIS 1
mAL WWL:254 nm
625
500
375
] 2.28.113
IA
250 [
- [
] || \
125-] [
1 |
1 |
] 1-19.007 .'I
20 ——— T 1
16.0 18.0 200 22.0 24.0 26.0 28.0 30.0 32.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 19.01 n.a. 18.363 8.386 3.08 na.  BMB*
2 28.11 n.a. 316440 266.018  96.94 na___ BMB*
Total: 334.802 274.404 100.00 0.000




(+)-2v: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min™, A = 254 nm

1 00024 #670 [modified by Ww-hpic] Uv VIS 1
] mAL WWL:254 nm
8OO
600

A - 10087 2-10.913
400—_ ,"l \,ll Iﬂl
| I|I I
| .
[ [
) [ [
| \ | |
200 [ [
f | [
] | \ / \
i | 1y | \
S Y S S .
20— . l..\‘d.l R
8.00 9.00 10,00 11.00 12.00 13.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 10.07 n.a. 414,639 119.565  50.00 n.a. BMb*
2 10.91 n.a. 388.216  119.574  50.00 n.a bMB*
Total: 803.855 239.139 100.00 0.000
2.500-2J) #671 [modified by yiw-hplc] UV VIS 1
Al WVL:254 nm)
2,000+
1,500
1,000 1-10.053
|I| \
| 1
II '||
500 II I".
[
| |
II| \
/ \ _2-10.980 )
20— . e e S B AL
8.00 9.00 10.00 11.00 12.00 13.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 10.05 n.a. 991.206 259.722  96.91 na.  BMB*
2 10.98 n.a. 36.331 8.272 3.09 na___ BMB*
Total: 1027.537  267.994 100.00 0.000




(+)-2w: 1A, n-hexane/2-propanol = 90/10, v = 1.0 mL min, A = 254 nm

ZJJ #700 [modified by viw-hplc] Uv VIS 1
YOD__mAU WWL:254 nm
600
500—-

400
300 ]

1 1-7.807
200__ lﬂ'n, 2-9.240

j [ A
100-] [\ [

_ I\ [\

I
] R L / \\-— L \“H-__
— T
'55‘"'|""'|''|"'|"'|""T|in
5.00 6.00 7.00 8.00 9.00 10,00 11.00 12.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 7.81 n.a. 212.988 71.186  49.76 na.  BMB*
2 9.24 n.a. 173.065 71.864  50.24 na___ BMB*
Total: 386.053 143.051 100.00 0.000
600023 #701 [modified by iw-hpic] UV VIS 1
’ mAU WWL:254 nm)
5,000
4,000
3,000
i 1-7.687
2,000 '(\‘.
] A
I| |
b 1
[
1,000+ [
[
j | h
{ Y,
1 /‘ \__ 2 -9.003
I —ee "
=l —r 1 ' T T 1 " 1 T 1
5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 7.69 n.a. 2174886 762.994  97.00 na. BMB*
2 9.09 n.a. 67.971 23.637 3.00 na__ BMB*
Total: 2242,858 786.631 100.00 0.000




(+)-2x: 1B, n-hexane/2-propanol = 80/20, v = 1.0 mL min™, A = 254 nm

1 50023 #714 [modified by w-hpic] Uv VIS 1
’ mAU WWL:254 nm
1,000+
8004
600+
| 1-8.287
i |"|I 2-9.753
400 |I | |'n".
1 [ ] [
[ [
i [ | |
200 I| | f \
1 1 1
|| 5\ f \
] / )
-20 T '|"'__:J' '|'I"|k "'|"'mm
6.00 7.00 8.00 9.00 10.00 11.00 12.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 8.29 n.a. 500.525 117.863  49.95 na.  BMB*
2 9.75 n.a. 434.689  118.092  50.05 na___ BMB*
Total: 935.214  235.955 100.00 0.000
2 00023 #715 [modified by iw-hpic] UV vIS_1
] mAL WWL:254 nm
1,500
1.0004
1-8.203
| f\
I| '|I
] [ II
500 \
i |
1
|
1
4 "\
/ 2-9.820 .
6.00 7.00 8.00 9.00 10.00 11.00 12.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 8.29 n.a. 845.601  199.127  96.50 na. BMB*
2 9.82 n.a. 28,492 7.232 3.50 na__ BMB*
Total: 874.093 206.359 100.00 0.000




(+)-2y: IA, n-hexane/2-propanol = 90/10, v = 1.0 mL min, A = 254 nm

1.300 ZJJ #6887 [modified by Ww-hplc] Ifs-2-176-rac-1A-90-10-10-254 Uy VIS 1
! im AL WhL:254 nm
1,000
800
600 ]
] 1-20.767
400 | |
|
|| Illl 2 -30.600
] \
200 \ 4
4 |I \ |II \
1 | “\ I|I
| \ | \
h / — / — .
B S e e AR e
15.0 200 250 30.0 35.0 40.0 43.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 20.77 n.a. 436.336 477.144  50.00 na. BMB*
2 30.60 n.a. 266.746  477.174  50.00 na.___ BMB*
Total: 703.082 954.318 100.00 0.000
2 2002 #8688 [modified by Ww-hpic] uv VIS 1
’ mAU WWL:254 nm
1,500
1,000 2 -31.280
i N
I|' \
il | II|
] |I "'.‘
500 || Y
|\
|
a \
1 1-21.200 {
30 _ [P vi — —min|
7 —T1 T T T T — T T T T 1 Y
15.0 20.0 25.0 30.0 350 40.0 43.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 21.20 n.a. 58.941 54.211 3.04 n.a. BMB*
2 31.28 n.a. 966.180 1729.808  96.96 n.a BMB*
Total: 1025.121 1784.018 100.00 0.000




(+)-2z: 1A, n-hexane/2-propanol = 90/10, v = 1.0 mL min™, A = 254 nm

500_2Jd #679 [madified by Viw-hplc] _Z{j-14-35-rac-1A-90-10-10-254 Uv vIs 1
AU WWL:254 nm)
400
3004
200+
_ 1-18.980
[ 2-22.120
1 | \
100 /
J | {
|
II| IlI
! |
I 41_.4{1 '-'“'“—_—._.|L/" — ]
-20 L T T T T T mn
15.0 18.0 20.0 22.0 24.0 26.0 28.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 18.98 n.a. 174.239 146.203  50.00 na. BMB*
2 2212 n.a. 135467 146.183  50.00 na _ BMB*
Total: 308.706 292.386 100.00 0.000
500-2JJ #680 [modified by yiw-hplc] Zj-14-35-chiral-IA-90-10-10-254 Uv_ VIS 1
_mAU WWL:254 nm
400
3004
' 1-19.207
I
j [
200 |
1
4 1
i 'l ll\
100
_ [\
llII \
_/' \-.R_ _2-22.560
| o e )
20— - - . — : min
16.0 18.0 20.0 220 24.0 26.0 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 19.21 n.a. 255.271 234103 97.93 na.  BMB*
2 22.56 n.a. 5.732 4.956 2.07 na.__ BMB*
Total: 261.004  239.058 100.00 0.000




(+)-2aa: 1B, n-hexane/2-propanol = 90/10, v = 1.0 mL min™, A = 254 nm

1 0002 #694 [modified by yiw-hplc] UV VIS 1
’ _mAL.l WWL:254 nm
8OO
600~
4004
] 1-12.167
2-13.127
f
|'l Y [
200—_ ,."l \\ / \
f J." I'\\ / \
J ./ . |
-50 T T T T T T T T T T T T T T T —n
10.50 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 12.17 n.a. 308.238 93.237  50.00 na. BMB*
2 13.13 n.a. 290.041 93.227  50.00 na__ BMB*
Total: 598.279  186.463 100.00 0.000
3 00023 #695 [modified by yiw-hpic] UV VIS 1
T mAl WWL:254 nim|
2,500
2,000
1,500
1 1-11.767
1,000 |
1 [
4 | \
j I'I |
500 | \
i | \
i |II| \\
Jo N e
- T T T T T T T T T T T T T T T T T
10,50 11.00 12.00 13.00 14,00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 11.77 n.a. 1227.707 367.958  96.52 na.  BMB*
2 12,77 n.a. 49.193 13.271 3.48 na___ BMB*
Total: 1276.899  381.228 100.00 0.000




(+)-2ab: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL min™, A = 254 nm

1,000-22J #691 [m odified by yiw-hplc] UW_ VIS 1
JmAl WVL:254 nm
8OO
6004
4004
112,680
/ 2.13.493
200 / R
i f A
/ \ /
/ \ /f
_ — ~
A |
B0~
11.50 12.00 12,50 13.00 13.50 14,00 14.50 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 12.68 n.a. 261.518 95.147  50.14 na.  BMB*
2 13.49 n.a. 241.530 94628  49.86 na.__ BMB*
Total: 503.047 189.775 100.00 0.000
3,000—22 #696 [modified by yiw-hpic] UV VIS 1
mAU WWL:254 nm
2,500
2,000
1,500
1,000
g 2-13.320
\.
500-] / \\
/
1-12.587 / \%_
| B e e —
B0
11.50 12.00 12,50 13.00 13.50 14,00 14.50 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 12.59 n.a. 30.731 8.742 251 n.a. BMb*
2 13.32 n.a. 843.077 _ 340.068  97.49 n.a. bMB*
Total: 873.808 348.811 100.00 0.000




+)-2ac: 1B, n-hexane/2-propanol = 95/5, v = 1.0 mL min™, A = 254 nm
(+) prop

Me
80,024 #716 [modified by yiw-hpic] UV VIS 1
= maAl WWL:254 nm
62.5-
50.0-]
a7.5-]
25.0
] 1-22.993 2 -24.580
12.5- N
4 ! / \
] / NG
1 ,_,/ A —
100"
20.00 21.00 22,00 23.00 24,00 25.00 26.00 27.00 28.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 2299 n.a. 16.317 10.265 4963 n.a. BMb*
2 24,58 n.a. 15.483 10.419  50.37 n.a. bMB”
Total: 31.800 20,683 100.00 0.000
500_2Jd #717 [modified by yiw-hplc] Ifs-2-199-chiral-IB-95-5-10-254 UV VIS 1
AU WWL:254 nim
400
3004
2004
] 1-21.760
Y
100 [N
1 | \\
I
. [
_ AN
] / — | 2-23.587 .
20— L P A —— "
20,00 21.00 22.00 23.00 24,00 25.00 26.00 27.00 28.00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 21.76 n.a. 150.818 99.839 97.43 na.  BMB*
2 23.59 n.a. 4.870 2.633 257 na.__ BMB*
Total: 155.688 102.472 100.00 0.000




(+)-2ae: 1B, n-hexane/2-propanol = 90/10, v =1.0 mL

mint, L =254 nm

Ph
gog_2JJ #703 [modified by yiw-hplc] Ifs-2-197-rac-1B-90-10-10-254 Uv WS 1
—mAL WAL:254 nm)
750
625-]
500
375
1 1-24,227
2507 ,Ir\ 2 -28.820
1 [ I
] [ i
125 II | I|' \
: | \ [
1 o = : : \\h“' T TrTim
20 — T T T T T 1 — T " T
20.0 22.0 24.0 26.0 28.0 30.0 32.0 35.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 24.23 n.a. 254.055 183.114  50.06 n.a.  BMB*
2 28.82 n.a. 207.500 182.662  49.94 na__ BMB*
Total: 461.555 3B5.775 100.00 0.000
6 0002 #704 [modified by yiw-hplc] Uv s 1
’ mAU WWL:254 nm)|
5,000
4,000
3,000
2 - 26,667
j A\
J I A
2,000 [y
j [\
| "\‘
| | \
1.000 ] | \
I| \
| e \__ .
“100F——— —r—— — — —
20.0 22.0 24.0 26.0 28.0 30.0 3z2.0 35,
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 23.23 n.a. 163.549 95.505 346 na  BMB*
2 26.67 n.a. 2598.095 2665.034 96.54 na__ BMB*
Total: 2761.643 2780.540 100.00 0.000




(+)-2af: IB, n-hexane/2-propanol = 95/5, v = 1.0 mL min*, A = 254 nm

C
140_ZJJ #736 [modified by yiw-hpic] Uv WS 1
am WWL:254 nm)|
100
75
50 ;
. .'(:\ 24.300 2-27.127
i I|.' \ [
J \ / \\
25+
J Illll \.\ In'l \
] / \ /I \
D- I/I — 1 \"-— -
20 T T — T T w------min
21.0 225 238 25.0 26.3 275 288 30.0 3.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 24.30 n.a. 45.627 26.677  50.08 n.a.  BMB*
2 2713 n.a. 42147 26.597  49.92 na__ BMB*
Total: 87.775 53.275 100.00 0.000
a00-2JJ #734 [modified by yiw-hplc] Uv WS 1
mAL WWL:254 nm)|
625
500
375
250+ 1-25.067
j N
| 5
4 |I
125+ f \
4 I| \
|
/ 5 ) _2-28.320
20 T T T —
21.0 225 238 25.0 26.3 275 288 30.0 3.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 25.07 n.a. 226.787 147.640 96.29 n.a.  BMB*
2 28.32 n.a. 9.051 5.682 3.71 na__ BMB*
Total: 235.838 153.322  100.00 0.000




(-)-6a: IA, n-hexane/2-propanol = 95/5, v = 1.0 mL min™, A = 254 nm

60,022 #759 [modified by yiw-hpic] Uy s 1
“mau WVL:254 nm
50.0
40.0—
30.0-
200 1-44.267
] 2 -51.387
] / /
10.0 ,u"l /
| / j "~
J — - |
'5-{"-"'|"""'|""|"'|""""|"rr1ir1
40.0 42.5 45.0 475 50.0 52.5 55.0 57.5 60.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % n.a.
1 44.27 n.a. 15.778 31.160  50.08 na. BMB*
2 51.39 n.a. 12.746 31.063 4992 na__ BMB*
Total: 28.524 62.223  100.00 0.000
800-2Jd #760 [modified by yiw-hpic] Uv s 1
mAU WAL:254 nm)
625-|
500
375
i 1-43.533
250 /
| /
125 |
] /
1 _J — 2-50.947
-20_.._._.|..|....|...l..._.=|...|..__..|._."Tm
40.0 42.5 45.0 47.5 50.0 52.5 55.0 57.5 60.0
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo n.a.
1 43.53 n.a. 259.710 565.065  97.06 na.  BMB*
2 50.95 n.a. 9.325 17.123 2.94 na _ BMB*
Total: 269.035 582.188 100.00 0.000
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1 Title LFS-2-145-C-nPrS02
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4 Temperature 297. 6 y N
5 Number of Scans 200 =
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Value
LFS-2-146-11-1PrS02

Parameter

f

4. 0002

)

CDC1

i

)

6 Acquisition Time

1 Title

2 Origin

3 Solvent

4 Temperature

5 Number of Scans

2022-04-07T11:48:58

8 Spectrometer Frequency 399. 93

7 Acquisition Date
9 Spectral Width

8012.0

7.0 6.9

7.3 7.2 7.1
f1 (ppm)
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7.5
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Parameter Value
1 Title LFS-2-146-C-IPrS02 |
2 Origin 0=S=0
3 Solvent CDC13 N
4 Temperature 297.0 4
5 Number of Scans 200 |
6 Acquisition Time 1. 0000 OPh
7 Acquisition Date 2022-04-07T11:58:06 PMP
8 Spectrometer Frequency 100. 56
9 Spectral Width 26041. 0 1c
|
|
11 |
|
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f1 (ppm)
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Parameter Value
1 Title 2jj—13-226-Bs—diwu-Il Bs
2 Origin Bruker BioSpin Gmbll l\ll
3 Solv:ry/ CDCI}/ 4
4 Temperature 298.
5 Number/of Sce 11 | l
6 Acquisition Time 4. 0894 OPh PMP
7 Acquisition Date 2022-03-27T17:23:08
8 Spectrometer Frequency 400. 13 1d
9 Spectral Width 8012. 8

T
8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6
f1 (ppm)
b O e B m e F i '
R o3 =] 3 8 3
— i w o~ [aN] [aN] ™
T T T T T T T T T T T T T T T T T T T T T T T T T 1
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 -0



[ aNEaN] N ONOI-XC OO =N LD O

0 < AN NF— O~ O FLCMTANDL D0 0o SN O e D © Nt

e —_——— e — = — = = — = — — — — oL o [Sl Sl S o © [te) <

WY v VY VYV VNN l

|
Parameter Value
1 Title 2j3—13-226-Bs—diwu—C ?S
2 Origin Bruker BioSpin Gmbll > N
3 Solvent CDC13 =
4 Temperature 300. 0 | |
5 Number of Scans 77 OPh
6 Acquisition Time 1. 3631 PMP
7 Acquisition Date 2022-03-27T17:25:08
8 Spectrometer Frequency 100. 61 1d
9 Spectral Width 24038. 5
|
| |
|
I | | | |
I |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



|6 .
e
9999 i
889 @.I\f | o~
©
IOO
=
118 9~ i
168 °9— / —
Ge6ka~ <
16679 -
8169~ o
970 "L~_ ~ .
690 "L~ - 2
€80 °L— | —~&
6ol "L~ ~ )
€FT "L~ :
) HMA |
THT L~ e~
¥eg L— -
126 L | o
7€ "L~ =
09€ "L~ L
|4
9G¥ °L o=
AN f L
8L L | w©
z:%. ~
¥9L ¢— /J Q Woo ¢
N )
o O — W
@) n /7 —
=z n_\_ulN v
-
O ey
10G F— // W L 861
9999
88979
1.8°9
1689
66679
15679
81679
9%0 "L
690 L = = =
€80°L w E
ran) T2 3
ErL L v & & ©
6071 I D—
e L = oo iy .
vae'L rijﬁ K * m
5151 R T
1781 NSO AFFQIFD 1
0% 13 — 5 T
09€ "L~ £ T
meM — 3 i
ey L & w 2 22
. = .
o N
916, g N g o O =
S 5 —5=22%t" - 961
TE -
> i N . S .
660 '8~ c S E Ly 2L 1671
— > Qa0 3 3 O 9
+ 4 4 E E T T O O
— 4 © O D O O o o
= O NN v Z << << NN »n
— N N <H IO © b~ 0 O

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

8.5




KL b 2 LIRITF IFRBnI nE Lo ® = — o
P S i ST ol o6 o6 < od b NS el o N <
[TeN ol e [Tl <t [apNaslaNNaN HaN| AN — o~ — o~ 0 (o2 i =) [ 0 o3
——— — —_ —_——— = — — oCc o [Sl Sl S o © [Tl <
YA NN PV AN RN |
Parameter Value N02
1 Title zjj—14-2-sub—4-Ns—C
2 Origin Bruker BioSpin GmbH
3 Solvent CDC13
4 Temperature 300.0 0=S=0
5 Number of Scans 8 l\ll
6 Acquisition Time 1. 3631 é
7 Acquisition Date 2022-04-07T15:10:34
8 Spectrometer Frequency 100. 61 | |
; OPh
9 Spectral Width 24038. 5 PMP
Te
. I
|
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| |
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200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Value

LFS-2-141-H

Parameter

6./8
0002

2022-04-05T18:49:34

8 Spectrometer Frequency 399. 93

9 Spectral Width

CDC13

i

n
ime,
7 Acquisition Date

rigin
3 Jolvent

ng}tle

4 Temperature
5 Number of S
6 Acquisition

2

8012.0

7.0 6.9 6.8

7.3 7.2 7.1
£1 (ppm)
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Value

LFS-2-141-C

Parameter

1 Title

2 Origin

CDC13
295. 8
200

3 Solvent

4 Temperature

5 Number of Scans

1. 0000

6 Acquisition Time

2022-04-05T18:58:30

8 Spectrometer Frequency 100. 56

7 Acquisition Date

26041. 0

9 Spectral Width

1f

134 132 130 128 126 124 122 120 118

136

f1 (ppm)

f1 (ppm)
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Parameter Value CF3

1 Title 2jj—14-CF3-sub-F

2 Origin Bruker BioSpin Gmbll

3 Solvent CDC13

4 Temperature 295.6 0=S=0

5 Number of Scans 11 N

6 Acquisition Time 0. 7340 4

7 Acquisition Date 2022-04-07T10:27:47 | |

8 Spectrometer Frequency 376. 31

9 Spectral Width 89285. 7 OPh  Loip

1f

T T T T T T T T T T T T T T T — T T T T T T T T T T T T L— T T T T T
10 0 -10 -20 -30 -40 -50 -60 =70 -80 -90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)
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Parameter Value “\?
1 Title 2jj—13-Ts-H-re
Ts
2 Origin Bruker BioSpin GmbH | —
3 Solvent Ch(A3 = N
4 Temperatfire 298.0 =
5 Number bf Scang’ 7 | |
6 Acquisition Time 4. 0894 OPh
7 Acquisition Date 2022-03-28T15:52:50 PMP I
8 Spectrometer Frequency 400. 13 ‘|g
9 Spectral Width 8012. 8 : I i
8
T — T | L I —
8.0 7.8 7.6 7.4 7.2 7.0 6.8 6. 6 6.4
f1 (ppm)
|
|
|
| l '
i | |
N
' Lo I L i i ' ! T
S S S s 3 I & 8
— =} 9] RN — o~ 3
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
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 -0
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Parameter Value
1 Title 2jj—13-Ts—C-re Ts
2 Origin Bruker BioSpin GmblIl l\ll
3 Solvent CDC13 é
4 Temperature 300.0
5 Number of Scans 15 | |
6 Acquisition Time 1. 3631 OPh PMP
7 Acquisition Date 2022-03-28T15:53:54
8 Spectrometer Frequency 100. 61 19
9 Spectral Width 24038. 5
Lot |
|
|
| ' |
T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
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Value
13-229-Mbs—diwu-1I

ker BioSpin Gmbll

[

13
0
2022-03-27T17:03:05

8 Spectrometer Frequency 400. 13

9 Spectral Width

4. 0894

e e e S A S o
8012.8

é;a,J

3

réj[
can

o)

=}
S

Parameter

e

e

6 Acquisition Time
7 Acquisition Date

1Ti
20

V]
rigin
3 Sollvent
4 Temperatu
5 Ndmber of

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
f1 (ppm)

8.5
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55. 34

86. 53
86. 33
—66. 79
55.17
42. 86

<

Parameter Value
1 Title 23j—13-229-Mbs—diwu-C
2 Origin Bruker BioSpin GmbH
3 Solvent D13 MBS
4 Temperature 300. 0 N
5 Number of Scans 12 4
6 Acquisition Time 1. 3631 I I
7 Acquisition Date 2022-03-27T17:04:40 OPh
8 Spectrometer Frequency 100. 61 PMP
9 Spectral Width 24038. 5 1 h
|
I
|
|
| ' |
T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)



Parameter

1 Title

2 Origin

3 Solvent

4 Temperature

5 Number of Scdrs
6 Acquisition Tim
7 Acquisition Date

9 Spectral Width

Value

2jj—13-217-5-Me-l
Bruker BioSpin Gmbll

ChC13
298.0

[$)]

. 0894

2022-03-04T17:02:32
8 Spectrometer Frequency 400. 13

8012.8

4. 375
3. 766

Ms

AN

Me OPh
PMP

1i

—2.959

7.4 7.3 7.2 7.1 7.0 6.9 6.7
£1 (ppm)
. B J
T s T T
s s S S
T T T T T T T T T T T T T T T T T T T T T T T T T 1
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 -0
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Parameter Value
1 Title 23j—13-217-5-Me—C
2 Origin Bruker BioSpin GmbH Ms
3 Solvent cDC13 N
4 Temperature 300. 0 4
5 Number of Scans 29 | |
6 Acquisition Time 1. 3631
7 Acquisition Date 2022-03-04T17:03: 35 Me OPh  Lup
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 Ti
|
Iy
ih
.t Lol | | |
|
‘ H ' l [ '
e r "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 40 20

f1 (ppm)
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Parameter Value
1 Title 2jj—13-217-5-Me—-C—dept
2 Origin Bruker BioSpin Gmbll |\I/|S
3 Solvent CDC13 N
4 Temperature 300.0 é
5 Number of Scans 5 l |
6 Acqu%silt%on Time 1. 3631 Me OPh
7 Acquisition Date 2022-03-04T17:05:49 PMP
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 1i
|
|
|
' |
|
T T T T T T T T T T T T T T 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

f1 (ppm)



Parameter Value
1 Title 7JJ-13-222-5-0Me-H
2 Origin Bruker BioSpin GmbH
3 Solvent

CDhC
4 Temperatur 98.10
ans 6

4. 0894
2022-03-15T14:12:30

5 Number o
6 Acquisition Time
7 Acquisition Date

4. 386

—2.954

8 Spectrometer Frequency 400. 13 PMP
9 Spectral Width 8012.8 .
1j
8 S 3 S 3 & 8 8
e e s E e e e L s m e E |
7.5 7.3 7.1 6.9 6.7 6.5
f1 (ppm)
|
T T
— e RN N
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
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 -0
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Parameter Value
1 Title 7JJ-13-222-5-0Me—C
2 Origin Bruker BioSpin GmbH Ms
3 Solvent CDC13 f\ll
4 Temperature 300.0 //
5 Number of Scans 23
6 Acquisition Time 1. 3631 | |
7 Acquisition Date 2022-03-15T14:16:30 MeO OPh PMP
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038.5 1J
|
|
| | | n |
l' I | ! |
II ‘ l ] { | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



f1 (ppm)
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Parameter Value 22EF 538 S22 23 2e  HgE8
Sy Sy . = AL S Sy S Rt Rt [eRl-RloRle}
1 Title LFS-2-140-H INYZRY i N2 \ N
2 Origin |\(|S 7 7 -~
3 Solvent cDC13 N
/ |
4 Temperature 297 8 4
5 Number of Scans / 16 [ / | |
6 Acquisition Time 4. 0002 F OPh
7 Acquisition Date 2022-04-05T18:35: 49 PMP
8 Spectrometer Frequency 399. 93 .Ik
9 Spectral Width 8012.0
S 8 S 3 R &
: > — T T T T T
7.1 7.0 6.9 6.8 6.7 6.6 6.5
£1 (ppm)
T
g
T T T T T T T T T T T T T T T
8.5 8.0 6.0 5.5 5.0 4.5 4.0 1.5 1.0 0.5 0.0
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Parameter Value ES SHFA 38
e kor) cooco Q<
1 Title 2 j—14-5-F-diwu—-C-LFS-2-140-C ) e e =92
2 Origin Ms | N ¥
3 Solvent CDC13 é N
4 Temperature 297. 8
5 Number of Scans 200 | |
6 Acquisition Time 1. 0000 F OPh PMP
7 Acquisition Date 2022-04-05T18:44:46
8 Spectrometer Frequency 100. 56 1k
9 Spectral Width 26041. 0 3 d m !
| |
I L L I B B EL N B BN BN LA L R BN
114 112 110 108 106 104
f1 (ppm)
|
|
[ I
! ]
| |
Il i l
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



-107. 58

Parameter Value

1 Title zjj—14-5-F-sub—-F

2 Origin Bruker BioSpin GmbH

3 Solvent CcDC13 Ms

4 Temperature 295.5 = N

5 Number of Scans 13 z

6 Acquisition Time 0. 7340 Il

7 Acquisition Date 2022-04-07T10:26:11 F OPh

8 Spectrometer Frequency 376. 31 PMP

9 Spectral Width 89285. 7

1k |

T T T T T T T T T T T T T T T T — T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 =70 -80 -90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)
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Parameter Value N ﬁ S& SRV
1Title 2jj-14-22-5-C1-diwu-H el / Ve /
2 Origin rukerf BioSpin GmbH Ms
3 Solvent DC13 ,{l |
4 Temperature 298( 0 4
5 Number of Scans 5 | |
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-04-08T14:49:45 Cl OPh  Zup
8 Spectrometer Frequency 400. 13 11
9 Spectral Width 8012. 8

7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8
£1 (ppm)

2.03
2.99
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Parameter Value
1 Title 2jj—14-22-5-Cl-diwu—C
2 Origin Bruker BioSpin Gmbll Ms
3 Solvent CDC13 lll
4 Temperature 300.0 //
5 Number of Scans 32
6 Acquisition Time 1. 3631 | |
7 Acquisition Date 2022-04—08T14:50:54 Cl OPh PMP
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 11
|
' l
|
] |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value

. . Ms
1 Title 7JJ-13-157-5-Br—-diwu-H I
2 Origin Byuker BioSpin Gmbll N
3 Solvent cpell3 =
4 Temperature 208/0 ] |
5 Number of Scans / Br OPh
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-01-21T17:39:51
8 Spectrometer Frequency 400. 13
9 Spectral Width 8012.8 OMe
T T f T T T T T T T T T
Tm 7.4 1.3 7.2 7.1 7.0 6.9 6.8
f1 (ppm)
JL JL Jt A A ‘l_,_lJJL L
O o o — N [ap) [2r]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
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 -0
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Parameter Value
Ms
1 Title 7JJ-13-157-5-Br—-diwu-H |\|l
2 Origin Bruker BioSpin GmbH //
3 Solvent CDC13
4 Temperature 298.0 | |
5 Number of Scans 9 Br OPh
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-01-21T17:39:51
8 Spectrometer Frequency 400. 13
9 Spectral Width 8012. 8 OMe
Tm
|
|
|
| | '
|
| |
[N
|
Lm..‘mw..J ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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8 Spectrometer Frequency 400. 13
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Parameter Value
1 Title LFS-2-133-C
2 Origin Ms
3 Solvent cDC13 N
4 Temperature 297.5 //
5 Number of Scans 300 | |
6 Acquisition Time 1. 0000
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Parameter Value
1 Title 2jj—13-187-re—C M
2 Origin Bruker BioSpin Gmbll |S
3 Solvent CDel3 ¢ N
=
4 Temperature 300.0
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1 Title 23 j~13-Ph-4-0Bn—C Ws Y /¢ [ [N
2 Origin Bruker BioSpin GmbH = N
3 Solvent CDC13 =
4 Temperature 300. 0 | |
5 Number of Scans 36 OPh
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1 Title LFS-2-152-C Z \/ N \ ! VAV
2 Origin Bruker BioSpin Gmbll | | |
3 Solvent D13 ! | '
4 Temperature 300. 0 OPh
5 Number of Scans 48
6 Acquisition Time 1. 3631 Lo |
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Parameter Value Ms
1 Title LFS-2-175-C I\II
2 Origin Bruker BioSpin GmbH //
3 Solvent CDC13 | |
4 Temperature 300.0
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Parameter Value lll
1 Title LFS-2-206—C =
2 Origin | |
3 Solvent CDC13 OPh
4 Temperature 299. 2
5 Number of Scans 200
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2 Origin Bruker BioSpin Gmbll f\|/|S \/ l | l | | ’ \ \
3 Solvent CDCl13 _ N
4 Temperature 300. 0 z
5 Number of Scans 33 Il
6 Acquisition Time 1. 3631 OPh | |
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1 Title zjj—14-32-1 Ms
2 Origin Brukey BioSpin Gmbl lil
3 Solvent CDC13 Z
4 Temperature 298.0 ||
5 Number of Scans 6
6 Acquisition Time 4. 4 OPh
7 Acquisition Date 2022-04-14T19:46:26
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Parameter Value
1 Title 2jj—14-32-C |\I/|S
2 Origin Bruker BioSpin GmbH N
3 Solvent D13 =Z
4 Temperature 300.0 | |
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1 Title 2jj—14-32-C-dept Ms
2 Origin Bruker BioSpin Gmbll ,11
3 Solvent CDCl3 =
4 Temperature 300.0 | |
5 Number of Scans 12
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2 Origin Bruker BioSpin Gmbll 1::;
3 Solvent CDC13
4 Temperature 300. 0 l | |
5 Number of Scans 34 OPh
6 Acquisition Time 1. 3631
7 Acquisition Date 2022-04-16T21:03:19 l |
8 Spectrometer Frequency 100. 61 I
9 Spectral Width 24038. 5
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1 Title LFS-2-174-C Ns N l |
2 Origin Bruker BioSpin Gmbll N
3 Solvent €DC13 =
4 Temperature 300.0 | | I
5 Number of Scans 22 OPh
6 Acquisition Time 1. 3631 z |
7 Acquisition Date 2022-04-18T22:08:44 S J L I | I
8 Spectrometer Frequency 100. 61
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Parameter Value Ms
1 Title LFS-2-195-C N
2 Origin Bruker BioSpin GmbH //
3 Solvent CDC13 | |
4 Temperature 300.0
5 Number of Scans 103 PMP
6 Acquisition Time 1. 3631
7 Acquisition Date 2022-04-26T09:35:52
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 Me
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1 Title LFS-2-191-C P N | \/ BRYRY | | | [N\
2 Origin Bruker BioSpin Gmbll =
3 Solvent €DCl3 | | |
4 Temperature 300. 0 ! !
5 Number of Scans 30 PMP
6 Acquisition Time 1. 3631
7 Acquisition Date 2022-04-25T09:49:00 ! I | |
8 Spectrometer Frequency 100. 61 | | I
9 Spectral Width 24038. 5 Ph l | J
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Parameter Value
1 Title MYN-1-221-H
2 Origin Brukdr BioSpin Gmbll

3 Solvent CDC1

4 Temperature 9¥.
5 Number of Scar:{ 13
6 Acquisition Time 4. 4

7 Acquisition Date
8 Spectrometer Frequency 400. 13
9 Spectral Width 8012.8
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Parameter Value Ms
1 Title MYN-1-221-C N
2 Origin Bruker BioSpin Gmbll é
3 Solvent CDC13 | |
4 Temperature 300.0
5 Number of Scans 13 PMP
6 Acquisition Time 1. 3631
7 Acquisition Date 2022-06-23T15:56:25
8 Spectrometer Frequency 100. 61
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| B
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1 Title MYN-1-218-C
2 Origin Bruker BioSpin GmbH Ms
|
3 Solvent Acetone N
4 Temperature 300. 0 Z
5 Number of Scans 24 | |
6 Acquisition Time 1. 3631
L VI OPMP
7 Acquisition Date 2022-06-21T17:46:34 Ph
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 1ag
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2 O0rigin
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4 Temperature
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7 Acquisition Date
9 Spectral Width

I
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
f1 (ppm)

8.5




f1 (ppm)

D~ O O HO0O WL O O N W~ b= LD O 0
— 0 I~ LOFANOH IO NI~ DL — <t L0 N O X0 (o) (o) [ee) fe)
SEg sEggggagasEss Sim vee @ = S
Y NN N Y NN | |
Parameter Value Ms L R[RIBZ S VK = A
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1 Title LFS-2-205-C-2-0Me N e Bcga o o Nz - =
2 Origin = Y % 0 I A
3 Solvent CDC13 | |
4 Temperature 299. 2 OPh
5 Number of Scans 200 OMe
6 Acquisition Time 1. 0000
7 Acquisition Date 2022-04-29T17:42:15 ] I 1o |1
8 Spectrometer Frequency 100. 56
9 Spectral Width 26041.0 |
1ah L A
T T T T T "~ T T T T T T~ T T T T T T T
136 132 128 124 120 116
f1 (ppm)
fi
| |
[ | |‘ |
) I N ) _
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10



000 "0——

796"

8a1”
[
66T "
Sigt

ze6 "
PE6
€96 "
966
8L6°
086"
€20°
a0
090"
080"
280"
860 °
10T
LTT
02T
Ve’
vse”
84¢ "
GLe”
V63 °
L62
01¢ "
qre”
eLY
LV
eI
L6 "

£1 (ppm)

o ™
14
(%]
4 /{ S
14 » _/
i == —
e [3+]
// o —
]
9
9
)
9 .nh_w —
9 = B
S 0
9 o N
9 = o
v T o N
L 5T » =
— O O —
L T X = 3]
> — m I
L | —
. I <+ © ™ o
—~ O M O D L o=
1 /{llr.ml @ M . N
oo A O
L - AS . O O O
. N @R O-aL =T N F ©
. WJ
y B =
L =
L o N
L 2 S R S
A L wTDrum
g o A = = O .=
L = EL88LE
L Dﬂ..w. Mottm.la.
+ o e
L o2 8 4 v ow 5o
1 O A D D D o m b b
—~ B > 2 9 3 3 O O
‘) £ -4 B E T T 0 O
- 4 0 ©® 3 9 O 9 a
L = O VB Z < < »nnwm
L —~ N ™M <D © M~ 0 o
L

.

e

Woo R

Woo G

Wwa z
20°1
66 0
Trs0e
Fe60

7.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.0

8.5

f1 (ppm)



79
61
87
40
41

e R R I o — MNOLC O © <t — ﬁ

58 288 [yZSE S o8 NG~ < o o i

_—— _— = _—_ = = = [Cole ) D~ D=0~ O~ © < o3 @

\Y4 PN A L LNA T |

Parameter Value
1 Title 2jj—15-149-C Ms
2 Origin Bruker BioSpin Gmbll ,\Ij
3 Solvent CDC13 Z
4 Temperature 300. 0 l |
5 Number of Scans 25
L . OPh
6 Acquisition Time 1. 3631 Me
7 Acquisition Date 2023-01-31T20:32:36
8 Spectrometer Frequency 100. 61 | 1ai
9 Spectral Width 24038. 5
|
|
|
[ '
|
I |
|
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



9¢€T

162

669 °

00
8LL
008
288
788
006
€06
616
306
020
220
0v0
av0
160
S60
el
06T
Vel
18T
€02
e
29¢
192

98¢ "
20¢ "
90¢ "
[455
91¢”
(435
LEE”
16¢ "
Gge "
99¢
1L8"

o

O e e e e e e e M N =R R-Rle Rl Rl-RloRleRloRo)

—

S — T~

T
6.8 6.7

T
6.9

7.2 7.1 7.0
f1 (ppm)
S

7.3

7.4

.
T

A
L

=
[2)
s o
~ =
N// o
—~—
O ©
oN
T
=)
= = Lo
o Q [aN]
am ..
= b <
P o= <
Q oy S ~
2 = a —
s J =
V?O N
o = N
— M |
| N
Zfno 327
— .
_klﬂwfooZ.Z
.Ju£90201
=) L O O O
N MmO — < N < 0
S
(j =]
/ [
— w,
O O O
) n B + M
- —_ 8 =S
© = A +
= o ~ o
5 [N B = = D
& ~ © O ¥ =
It 5 44 o+ eH QO
A £ O + + E -
+ © - = O ©
[ e S I~ T2 I > B
O H D DV D e o P
— > Q9 35 3 O O
£ 4 - 5 E T T O O
= 4 O O D O O Q o
= O N = Z < <= N »n
— N M D O~ 0 O

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

f1 (ppm)



© — ~ NI-NOI-— 0L HOD- LD — b=
< = “ TR R T O NN L LD E H88 g 2
(2] N [ae] VOV AN—00W~- 2 . . . .
= = = SCR R o o R R R A ham 8 OEEE 8 g
| l | N | N
52E5RE 5 58 gz 55
Parameter Value §§§§55 S E & %%E EE
1Title 2.jj—13-197-Ms—chanwu-C Ms \\[ ,// I I | // \ \/
2 Origin Bruker BioSpin Gmbll N’
3 Solvent CDC13 /
4 Temperature 300. 0 /
5 Number of Scans 67 Ph
6 Acquisition Time 1. 3631 (@] PMP
7 Acquisition Date 2022-02-24T17:06:54
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 2a
T T T T * T T T "~ T T T T T * 1
130 128 126 124 122 120 118 116 114 112
f1 (ppm)
Lol '
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



283EET23587 g 2
P
< 0 (22 o~ [fe)
Parameter Value z 2 2 ; ;
1 Title 2jj—13-197-Ms-C-dept —~ o
2 Origin Bruker BioSpin Gmbll /MS I ! | | I
3 Solvent CDC13 / N
4 Temperature 300. 0 7
5 Number of Scans 16 PMP | I |
6 Acquisition Time 1. 3631 (e}
7 Acquisition Date 2022-02-24T17:10:40 L
8 Spectrometer Frequency 100. 61 I
9 Spectral Width 24038. 5 2a
T T T T T T T T T T T T T
130.0 129.5 129.0 128.5 128.0 127.5
f1 (ppm)
|1 I
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



000 "0-—

L8G €—

708 '€—

619 v—

L2899~

618 97
2 “/.
851

191
181
P81
205"
615"
€87
165"
182"
928"
088 °
67
1"
8.6
28¢
996 °
025"
98¢ °
066"

O O e S Sl S e O e Ol ol Sl g Sl S SCfY SO Sy o

1er:
99
ovt "
(44
86T °

191
181
P81

03"
612"
€60
LEG”
LS%"

92"

0€€

6V€ "
VA

8LE
G8¢
86¢
0v

L

SN

= 10"

I\\I\Q\l\l\
|

I’

(
|

G

-
.N.\.

f

PMP

74

Ms

*ON

jm N
Q e}
= .
() 2]
N
o ..
. o
[ R e N
=B 7] =
—~ o O g
S = e o
= o m |
| —
[V I < —~ ™ o
lej_l.
| — . — . N
™3 QO 0 S N o o
_H A = . O O O
N MmO N~ F N F 0
—— =
[}
=]
o 9
g L E5E g
. T
ﬂ a +
= o 5 O
< O N o S O A
o ~ © O + =
< 5 Y o= o~ QO
A + O + + g -
+ © ~ =4 O ©
=R T V]
[ N e e T =
— B > o 9 3 3 O O
£ o~ - E E T T 0 Q
- 4 O O D5 O O Q o
= O N = Z < < »nn »n
— AN M IO O - 00>

981

€07

7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05

2a’

£1 (ppm)

.

|

l I S U

Fooe

Foo¢

61

10°T
987

Freov

660

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

f1 (ppm)



I8 ISR EYENEEES ~ o~ cudboo — < =
e e . P ST S T ST T S — oy o™ © o0 Lo <t
Bk R R A R R s e e S of ol o S
— o — — — o — o0 o b~ o~ Lo <t <f
Y | V=Y N \/
Parameter Value 58K Eggoy I8 =8 =5
1 Title 2jj—12-218-1-C e R e R e — — —
2 Origin Bruker BioSpin GmbH PMP I NNV VY \ V! Y
. |
3 Solvent CDC13 Ms //
4 Temperature 300.0 ‘N
5 Number of Scans 124 —
6 Acquisition Time 1. 3631
7 Acquisition Date 2021-11-07T20:31: 12 O ! | I
8 Spectrometer Frequency 100. 61 O .
9 Spectral Width 24038. 5
2 - i
— T T T T T T T T T T~ T T T T T T 1
132 128 124 120 116
f1 (ppm)
|
|
Il
i | |
|
|
|
L I ‘
‘ Ll | | ‘\‘
nar
| ! I ! I ! I ! I ! I ! I ! I I ! I ! I ! I ! I ! I ! I ! I I ! I ! I I !
L0 200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10

f1 (ppm)



—HI~N~NOMANTF O O
NSNS A = g
N OoOOMM~IOW —— <F . o« e
BRAJJIINNY o 8 g
S T \/
Parameter Value ~ ~ oo ~ < o — o
™~ 0~ < @ NS ~ N
1 Title 23 j-12-218-1-C~dept PMP =8 g3 5 549 5 &
2 Origin Bruker BioSpin GmbH Ms // [ [ ‘ [ \/ [ [
3 Solvent CDC13 i\l
4 Temperature 300.0 —
5 Number of Scans 61 O | L 11 ' |
6 Acquisition Time 1. 3631 o Q
7 Acquisition Date 2021-11-07T20:38:54
8 Spectrometer Frequency 100. 61 , Wiy
9 Spectral Width 24038. 5 ! 2a
T T T - T T - T -~ T T ~ T T T 17
131 129 127 125 123 121
f1 (ppm)
|
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



LL6"
G666 °
¥10-°

6L9°
869 °
LTIL®
9€L "
GGL"
YLL”

06T "
602 °
622"

8GL"

899"

€L9
6LL
108
988
S06
¥c6
€20
€70
960
PIT
cel
6L1
102
8V¢
L92
98¢
60€
62€
8¢
€5€

vLE”

I e e e e e e e e e e e S e R e =Yoo Rl RN o)

T——/

= o
o
&L =
o
\\S/N/ T
o
— 0
(@) o
= —
Q —
m ..
(] ©
—
o ..
o —
] [oh N
5 = W =
el =
V._IAB L
<~ N .j...lﬂaooo
— O ™M O %w — .
| X — . . N
m D O 0 [} [
..JrD9.I.I/2000
ZBCZ.I.ﬂ../A..oo
>
—_ 5
o
/e
o]
o
o o O O
ot n 2 + &
et g - 8 - <=
st S = A =
= Q = O
< o »nn o = O A
o ~ © O + =
d 295gg
—
A + © — =+ O &
[ e L = T2l > B
O H OO D e e R P
— > Q2 Q9 3 3 O O
+ 4 -4 E E T T O O
—- 5 0 O 3 O O 4 &
= O N = Z < < »nn W
— AN M IO O - 00>

7.2 7.1 7.0 6.9 6.8
£1 (ppm)

7.3

7.4

Fooe

NS AN S




o0 — — [ T HF O O LD
< - - ToognenaeLoea g8 #88 85 EC
I ! | N&2”V I N | [
T HHH OO [Ted () o~ 0 O D — L0
Parameter Value SEaemw oS 9 L= ©a
1 4-15-C SEJRSS § 8§ &35 e
1 Title 23 j-14-15- npy agSasgzm R b o
2 Origin Bruker BioSpin Gmbll O\\S/\ \'\ ‘/ l | | \// \/
3 Solvent cDC13 N ©
4 Temperature 300.0 / )
5 Number of Scans 73
6 Acquisition Time 1. 3631 PMP
7 Acquisition Date 2022-04-09T21:40:24 o Ph |
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 2b
— T 1 T 1 1 T T T T T 1
130 128 126 124 122 120 118 116 114 112
f1 (ppm)
II|
' |
I I| |
| |
! I ' I I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



(A ENS
6261~

1s¢e”
89¢ °
G8¢°
[V
0y *
LEV”
i
96L "

679 °
059
LLL
008
€88
688
106
706
026
306
€20
170
40]
060
760
48!
821
cel
8LI1
002
Lve®
v§e”
€9¢°
182"
§0¢°
80¢ "
61¢ "
6ze "
[
JASS
P6e”
8G¢ "
€LE”
LLE”

O e e e e e e R e e e e e e e e Ll i S e Rle Rl o Rle Rle o Rlo R e ie]

T T i e = —

€60 "
170
€v0 "

060 "
760"
[
821"
(AN

8LL"

002"
Lve”
v§e "
€92 "
182"
§0¢°
80¢ "
61¢"
§g¢ "
(A%
L6€°
vge”

84¢
€LE
LLE

— o
a o =
~ 7
o
\VS./N/ T
o
(O] )
—— (o]
O
= ©
= S
m .
= 3
= A
o —
o) (=) [N
=B == 5} =
— | O (2]
S © = S
< = <+ © ™ ©
TEgS—S 4 q
Hul= IR SR RN R\ R
S h Ao A oo o
ZBCZGZATOO
B
/ m
—_—
R o)
/ w..
]
o TY—wo o 0
g n OE + 4
- (= R = TR =
S T = A -
2 o 5 o
2 SR
M 5 @ o~ o5 o
A £ O + ¥ E -
£ © — o+ O ©
= L T I S
O D D D e 2 P
— W o> o Q9 3 3 O O
- — 5 g T T O O
- 84 O O 3 O O A Q4
= O Ve Z << < »nnwn
— N M D © b~ 0 O

7.25 7.15 7.05

7.35

£1 (ppm)

L

Fo0

L6
86
50
16

A

Gol”
Mwo :
80"

AHAd A A S A =S

9

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

f1 (ppm)



s = S 5B ScuEESEa B T 28g 2 &
= = = Z SN NNND oD % SEE B3 <
T T T Ne= P W N
Parameter Value LsNz=eg Ry 8 8% s
2 Origin Bruker BioSpin Gmbll o /iPr \ l l | \/ l l
3 Solvent CDC13 \\/S\\
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1 Title zjj—14-Bs—C Bs
2 Origin Bruker BioSpin GmbH N’
3 Solvent CDC13 / |
4 Temperature 300.0 /
5 Number of Scans 184 PMP
6 Acquisition Time 1. 3631 (@) Ph |
7 Acquisition Date 2022-07-18T09:56: 12 P f
8 Spectrometer Frequency 100. 61 2d l . l »
9 Spectral Width 24038. 5
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1 Title 2JJ-14-2-C SN NS | \/
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3 Solvent CDC13 o |I
4 Temperature 296. 9 N
5 Number of Scans 300 N 0
6 Acquisition Time 1. 0000 / Y | |
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8 Spectrometer Frequency 100. 56 o PMP I
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1 Title 23 j-14-12-11 VoI V=00 N
2 Origin ruker BioSpin GmbH e _ _—
3 Solvent DC13
4 Temperétur 98.0 Osd/. '
5 Number| of [Scans 10, N/ ~0
6 Acquisition Timej/ 90%4 / p
7 Acquisition Date 022-04-08T14:56:46
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9 Spectral Width 8012. 8 O b
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3 Solvent

4 Temperature
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6 Acquisition Time
7 Acquisition Date

9 Spectral Width
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2jj—14-12-CF3Ph02-chanwu—C

Bruker BioSpin Gmbll
CDC13
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1. 3631
2022-04-08T14:58:32
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1 Title zjj—14-4-F
2 Origin Bruker BioSpin GmbH
3 Solvent CDC13 O
4 Temperature 297. 3 \/S\\o
5 Number of Scans 13 N
6 Acquisition Time 0. 7340 / Y
7 Acquisition Date 2022-04-12T11:37:38
8 Spectrometer Frequency 376. 31 o PMP
9 Spectral Width 89285. 7 Ph
2f
T T T T T T T T T T T T T T T T — T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 =70 -80 -90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)



3.751
2.413

Parameter Value R RRBRRS

[ e O e e e M e e c < < ]
1 Title LFS-127-T-H \ﬂ ,///% \\ \/ y
2 Origin Bruker BioSpin GmbH /TS s // L _—

3 Solvent CDC13 N

4 Temperatur 298. 0 / Y

5 Number of $cans 7

6 Acquisitioh Time / A 08b4 PMP
7 Acquisition Date 2022-03-27T17:12:27 o Ph

8 Spectrometer Frequency 400. 13

9 Spectral Width 8012. 8

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7
£1 (ppm)
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{ 3.001
3.00

A i o

T T T T T T T T T T T T T T T
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
f1 (ppm)



[l O o I o w0 — OC b~ LD © — O\ Lo~
< « e S S S OXL Lo mo g #9188 g °
I L N7\ I N
5858838 2 g8  2es g5
Parameter Value ﬁ\ﬁ\ﬂ\ﬂ\ﬂ\;‘; T ﬁ\? HVH; H\T
1 Title LFS-127-Ts-C
2 Origin Bruker BioSpin Gmbll Ts
3 Solvent CDC13 N/ | I|
4 Temperature 300. 0 /
5 Number of Scans 68 4 I
6 Acquisition Time 1. 3631 PMP
7 Acquisition Date 2022-03-27T17:13:53 (@] Ph
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038.5 29
T T~ T T T T~ T " T T T T T "~ T * 1
132 130 128 126 124 122 120 118 116 114 112
£1 (ppm)
|
Lrog |
l | | | | |
'I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
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Parameter Value
1 Title 7JJ-14-153-C
2 Origin Bruker BioSpin GmbH MBS
3 Solvent CDC13 N
4 Temperature 300.0 / Y
5 Number of Scans 144
6 Acquisition Time 1. 3631 PMP ||'
7 Acquisition Date 2022-07-13T10:25:52 0 Ph
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 2h
|
|
|
| | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Paramete Value

1 Title LFS-2-113-H

2 Origin Bruker BioSpin Gmbll Ms

3 Solvent CDC13 / N

4 Temperature 298.0 %

5 Number of Sca sj [fég PMP

6 Acquisition Tim . 0894 Me (e)

7 Acquisition Date 2022-03-16T14:10:10 Ph

8 Spectrometer Frequency 400. 13

9 Spectral Width 8012. 8 2i

.\ JL JL N Y R

8% SR8 g 8 8
e~ —_—— e o3 o3
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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

f1 (ppm)
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Parameter Value agogas R h = = -a
1Title LFS-2-113-C M \\\ I/ \/ I | I | \ I
2 Origin Bruker BioSpin Gmbll NI S
3 Solvent CDC13 / | |
4 Temperature 300. 0 4
5 Number of Scans 102 PMP
6 Acquisition Time 1. 3631 Me O | L | |
7 Acquisition Date 2022-03-16T14:13:48 Ph | | |
8 Spectrometer Frequency 100. 61 LL J J
9 Spectral Width 24038. 5 2i -
— T T T T T T T T T T T T T T T T T T T
130 128 126 124 122 120 118 116 114 112
f1 (ppm)
|
|
|
|
|
|
' | | | | | |
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



2 Origin

3 Solvent CDC13
4 Temperature 298.0
5 Number of Scans 6

6 Acquisition Time 4. 0894
7 Acquisition Date

8 Spectrometer Frequency 400. 13

Value

Parameter
1 Title <S—/{26—5—0Me—H

ruker BioSpin Gmbl

2022-03-28T15:37:16

MeO

3. 756
3.743

1'%

3.129

—6.804
—~6.782

/"

__6.673

6. 669
_-6.607
=<-6. 602

\

\

6. 503
6. 497
6. 482

6.476

A
X

9 Spectral Width 8012.8
7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4
f1 (ppm)
o T
&S g8 8
SN N o3 o3
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
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 -0

f1 (ppm)



X8 8 & R SSETEIRNRNBER 8 n No® o o~
. . e e e e e e e e e e s e s . [a\] o OO N — o~
2% & § £ SANNNisSoSCE g 5 oRe 58
Voo | | SN2 NI/ | I N Y
Parameter Value
1 Title LFS-126-5-0Me—C
2 Origin Bruker BioSpin Gmbll MS
3 Solvent CDC13 N
4 Temperature 300. 0 / Y
5 Number of Scans 47
6 Acquisition Time 1. 3631 MeO o PMP |
7 Acquisition Date 2022-03-28T15:39:09 Ph '
8 Spectrometer Frequency 100. 61
9 Spectral Width 24038. 5 2j
I Loy
e I I I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value i / /// o
1 Title zjj—14+11-H
2 Origin 1 Bruker /Eaﬁspin GmbH
3 Solvent CDC13 Ms
4 Temperature 295. 1 / N
5 Number of Scans 12 Y
6 Acquisition Time 3.9846 PMP
7 Acquisition Date 2022-04-07T10:12:06 O
8 Spectrometer Frequency 399. 93 2k Ph o
9 Spectral Width 8223. 7 ——= — T T
7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6
f1 (ppm)
|
| |
1! |
|
ek L N
TANN A b 1 I
Cen eddn = e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
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 -0

f1 (ppm)
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Parameter Value RIKGE 88 3 Z BEHZR €Y 18B=
1 Title 23 -14-11-C mERRg 83§ £ ££2d g2 g€
2 Origin Bruker BioSpin Gmbll SNV l I YV NV
3 Solvent CDC13
4 Temperature 295. 6 M
5 Number of Scans 96 N/ S
6 Acquisition Time 1. 3631 / bt '
7 Acquisition Date 2022-04-07T10: 15: 13 7
8 Spectrometer Frequency 100. 56 PMP |
9 Spectral Width 24038. 5 F (@] I | L I 1l Il
|
Ph - M | _—— ,:l -
2k
I I I I I I
130 125 120 115 110 105
f1 (ppm)
I
III
I | | |
| f
] |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



F NMR (376 MHz, CDCl3) & =-111.55.

-111. 55

Parameter Value

1 Title 2jj-14-11-F

2 Origin Bruker BioSpin GmbH Ms

3 Solvent CDC13 N

4 Temperature 295.5 / Y

5 Number of Scans 10

6 Acquisition Time 0. 7340 F o PMP

7 Acquisition Date 2022-04-07T10:22:47 Ph

8 Spectrometer Frequency 376. 31

9 Spectral Width 89285. 7

P 2k
eSS e maa gt L — M- "l o

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 -10 =20 =30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)
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250
167
145
046
041
898
893
878
873
811
789
699
694
3.764
3. 165

CSRITLER 5= = LELL = 3

Paranetpr Value REIRNRR 2% 23 Zakhar o2
Lrite 23225 chanmr N, jﬁ VIRVARNYZR VIR
2 Origin Bruker BioSpin Gubll ( VA A A — 7 -
3 Solvent DC13 Ms I
4 Temperature 98.0 N,
5 Number of Sc 14f / yZ
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-04-11T19:45:47 PMP
8 Spectrometer Frequency 400. 13 Cl 0 Ph
9 Spectral Width 8012. 8

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7
£1 (ppm)

| R, ~ JL l A .ﬂll P oL

—~—

D O LD D
SN O OO

7

7z

)

~

—

=

{ 3.00-7
3 oo—I

T T T T T T T T T T T T T T T T T
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
f1 (ppm)
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RESIE = 2 S D3
Parameter Value B L 5 N S g o o3
1 Title 2jj-14-22-5-C1-chanwu—C NN/ | | R \Y
2 Origin Bruker BioSpin GmbH Ms
3 Solvent cDC13 N
4 Temperature 300.0 / y
5 Number of Scans 43 |
6 Acquisition Time 1.3631 PMP Lo '
7 Acquisition Date 2022-04-11T19:48:21 Cl % Ph |
8 Spectrometer Frequency 100. 61 I I | y
9 Spectral Width 24038. 5 ) ] ] ‘JJ_ o
(W FSEPFARTIPE RPTSTIE WRDYPIL VIS RUOY V. S poprrpiee
1 T T * T T T * T * T * T " 1
130 128 126 124 122 120 118 116 114 112
f1 (ppm)
|
r |
| I
| | | 11 i |
| T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



376
371
291
253
234
213
205
200
164
141
050
045
029
025
812
790
696
691
3.769
3.172

O — HMNFH NI O H R ingerN o}
55 JHE8IKgET 8388
Pardmeter Value N T S S N S SN
1 Title LFS-2-123-11-2 ( \/ j/\ ’/ // \\ //
2 Origin Bruker BioSpin Gmbll — / / -
3 Solvent cDCl3 Ms
4 Temperatuyr 298.0 / N |
5 Number oj S ns/ f 17 4
6 Acquisition Time 4. 0894 PMP |
7 Acquisition Date 2022-04-01T08:54:13 Br 0] " T |
8 Spectrometer Frequency 400. 13 Ph I Iy
9 Spectral Width 8012.8 2m

—TJ T 'I ': I ! - I
7.4 7.3 7.2 7.1 7.0
£1 (ppm)

1961
0.97-%
3.03
3.00

T T T T T T T T T T T T T T T T T T T T T T T
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
f1 (ppm)
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Parameter Value RERS 83 NSNS b el
1 Title LFS-2-123-C-2 Vs NN [\ Y \%
2 Origin Bruker BioSpin GmbH N,
3 Solvent CDC13 /
4 Temperature 300.0 S
5 Number of Scans 140 PMP
6 Acquisition Time 1. 3631 Br (@) Ph
7 Acquisition Date 2022-04-01T08:56:50
8 Spectrometer Frequency 100. 61 2
9 Spectral Width 24038. 5 m
I
I T I T I T I T I T I T I T I T I T I T I
130 128 126 124 122 120 118 116 114 112 110
f1 (ppm)
1l
|
I |
' I
| | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
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Parameter Value oo NN o R
1 Title 2jj—13-198-4-Me—-diwu-11-3 \ / / | I I
2 Origin Bruker BioSpin Gmbll Ms - ./
3 Solvent DCl13 i N
4 Temperature 298/0 Me VY
5 Number of Scans 12 f PMP
6 Acquisition Time 4. 089 (e
7 Acquisition Date 2022-02-25T17:00: 41 Ph
8 Spectrometer Frequency 400. 13
9 Spectral Width 8012. 8 2n .
I T I T I T I T I I T I
7.45 7.40  7.35 7.30 7.25 7.20  7.15
f1 (ppm)
L
|
A |
) Jo M .G . l
i T T T
s & 258 = s g
Lo (o] o [ap] [aN] o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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 -0.

f1 (ppm)
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Parameter Value
1 Title 23j~13-198-C g B BSxEED
2 Origin Bruker BioSpin Gmbll = = RVERES
3 Solvent CDC13 YR
4 Temperature 300.0 MS
5 Number of Scans 204 / N
6 Acquisition Time 1. 3631 Me 7
7 Acquisition Date 2022-02-25T17:02:19 PMP
8 Spectrometer Frequency 100. 61 (@]
9 Spectral Width 24038. 5 Ph
2n
rrr-r—rr—rr—r > rrrr 1 Tr T T T
138 136 134 132 130 128 126
f1 (ppm)
| | I| '
|
| | | | | Pl |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
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3. 158

R INSIZEEIBTEREERS 8 B
Parameter Value S N - IR R
" A |
2 Origin Bruker| BioSpin Gmbll N -
3 Solvent / (;Z;AB /
4 Temperature .0 [ F S
5 Number of Scans 21 PMP
6 Acquisition Time 4. 0894 O Ph
7 Acquisition Date 2022-03-16T14:21:36
8 Spectrometer Frequency 400. 13 20
9 Spectral Width 8012.8
(o3}
L —F— T T T 1 T
7.5 7.3 7.1 6.9 6.7
f1 (ppm)
|
NI ' |
ity e T T
CRENEER 3 8
L0 - N O o [2r]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3. 2.5 2.0 1.5 1.0 0.5 0.0 -0

f1 (ppm)



— ) LD [ap) [l (o2} DO XCH-TDAI-O-<F =00~ 1O © N O X0 © N
2 % 5 sx5Egggssssssss - . K
ettt 53 ECRE RS A ha s vl i has Ran i gt R 8 i
4 . | N Neeree—=—"" I N
QOO O D= N O~- O O 0 —
YN O [SerRepl & o] o~ H— 0 M o~
Parameter Value SNV SN [\ \Y4
1 Title LFS-2-114-C Ms |
2 Origin Bruker BioSpin Gmbll N’ !
3 Solvent CDC13 /
4 Temperature 300.0 F Z
5 Number of Scans 160 PMP | | |
6 Acquisition Time 1. 3631 0) Ph |
7 Acquisition Date 2022-03-16T14:24: 16 | "“ i I
8 Spectrometer Frequency 100. 61 20 L ]_ “
9 Spectral Width 24038.5 T
I B I L L I DL B
130 128 126 124 122 120 118 116 114 112 110
f1 (ppm)
i
' |
|
|
| | I | |
! I
I I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



-121.18

Parameter Value

1 Title zjj—14-4-F

2 Origin Bruker BioSpin GmbH Ms

3 Solvent CDC13 NI

4 Temperature 295. 4 /

5 Number of Scans 16 S

6 Acquisition Time 0. 7340 PMP

7 Acquisition Date 2022-04-08T10:24:26 (@) Ph

8 Spectrometer Frequency 376. 31

9 Spectral Width 89285. 7 20
T T T T T T T T T T T T T T — T T T T T T T T T T T T T T T T T T T
10 -10 -20 -30 -40 -50 -60 =70 -80 -90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)



RGPS

Parameter Value
1 Title LFS-2-124-11-2
2 Origin Bruker BioSpin Gmbll
3 Solvent // fcnc13
4 Temperatur 298.0
5 Number of Scans 14

4. 0894
2022-04-01T08:43:14
8 Spectrometer Frequency 400. 13
9 Spectral Width 8012. 8

6 Acquisition Time
7 Acquisition Date

Ms
N
Cl [ VY
PMP
© Ph

2p

3.176

o~
j=3
[es]
T

—6. 785

_~6.706

™~-6.701

7.5 7.4 7.3 7.2 7.1 7.0 6.9
£1 (ppm)

5.0 4.5 4.0 3.5
f1 (ppm)

1 3.00{ %
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Parameter Value SEXNZReR 0 B> = 23
1 Title LFS-2-124-C-2 REEENSS & 888 = Rk
2 Origin Bruker BioSpin GmbH MS \\, // l \V l \ /
3 Solvent CDC13 f N
4 Temperature 300.0 Cl Y/
5 Number of Scans 91 PMP
6 Acquisition Time 1. 3631 0 | |
7 Acquisition Date 2022-04-01T08:45:37 Ph l I
8 Spectrometer Frequency 100. 61 ol | |
9 Spectral Width 24038. 5 2p iR '
T 1 T T T 1 T 1 T T T
132 128 124 120 116 112
f1 (ppm)
!
Mmoo | '
| | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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o~ o — © [o.0] o OO HOI- LD
Parameter Value & EER ST SESE=pai=i
[ Sy = o o e S
e 2061 y y J R
2 Origin Bruker BioSpin Gmbll _ _ //
3 Solvent 1 Ms
4 Temperature 98. / N I
5 Number of Scans 9
o Br / |
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-03-03T17:02: 16 o PMP
8 Spectrometer Frequency 400. 13 Ph . T !
9 Spectral Width 8012. 8 ‘DAQ_/J;L\_’, I }J\/\/\
2q = TN
— T 7T T T —
7.50 T7.45 7.40 7.35 7.30 7.25 7.20 7.15
f1 (ppm)
|
| |
] I I I |
|
JL JU_A A A J\_)A ,\
NS ATAN A T T
BRRAE &=& = 8
B L = o3 o3
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
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 -0

f1 (ppm)
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Parameter Value § § §§§55 ﬁ §§§ E
1 Title 7JJ-13-206-4-Br—C | | 24 l
2 Origin Bruker BioSpin Gmbll ,MS
3 Solvent CpC13 i N
4 Temperature 300.0 Br V4
5 Number of Scans 115 PMP
6 Acquisition Time 1. 3631
7 Acquisition Date 2022-03-03T17:03: 49 Ph
8 Spectrometer Frequency 100. 61 y)
9 Spectral Width 24038. 5 q
T T T T I T T
135 130 125 120
£1 (ppm)
1l |
|
I I I | I I
| | | | | I
| T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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4 Temperature 300.0 / Y
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