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Scheme S1. Proposed model for asymmetric induction.
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As for the copper-catalyzed radical C(sp*)-Nu bond formation, there are mainly three
possible pathways between Cu''Nu and the alkyl radical intermediate: (1) the
formation of a Cu'' species between Cu'Nu and the alkyl radical intermediate,
followed by subsequent reductive elimination (pathway A in Scheme S1A); (2)
outer-sphere radical substitution (pathway B in Scheme S1A); (3) oxidation of the
alkyl radical intermediate to a carbocation intermediate followed by nucleophilic
trapping (pathway C in Scheme S1A). At this stage, we have no clear evidence
favoring any of these three pathways. Nonetheless, we speculate that the reaction
probably proceeds via the formation of Cu'! species V and subsequent reductive
elimination (Scheme S1B). Based on this assumption, we have deduced transition
states (TS) that lead to the desired stereochemistry and its mirror image, respectively
(Scheme S1B). The unfavored transition state leading to the S product involves the
clash between the relatively large (hetero)aryl group in substrate and the bulky
phosphine moiety in ligand and thus, is unfavored. This result is consistent with the
observed stereochemistry (R product). The investigation on the proposed formation of
Cu'! species is still ongoing in our laboratory and the results will be disclosed in due
report.
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1. General information

Reagents were used as received from commercial suppliers without further
purification, unless otherwise stated. Cul was purchased from Sigma-Aldrich.
Anhydrous trifluorotoluene (PhCF3) was purchased from Beijing J&K Scientific Ltd.
and was used directly without further purification. NMR spectra were recorded for 'H
NMR (400 MHz), *C NMR (100 MHz) and "°F NMR (376 MHz) using TMS as an
internal standard and Bruker AV 400 as an instrument. The following abbreviations
were used to describe peak patterns where appropriate: singlet (s), doublet (d), triplet
(t), multiplet (m). High-resolution mass spectroscopy (HRMS) were obtained using
Bruker Apex IV RTMS. Enantiomeric excess (ee) was determined by Agilent
high-performance liquid chromatography (HPLC) with a Hatachi detector (at

appropriate wavelength).
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2. Screening of reaction conditions

Table S1 Screening of different solvents!?!

e Cul (10 mol%)
o L1 (12 mol%_) Ph
O-N // CSZCO3 (2 equiv.) // Ph
;\ : ' F’h/ BueLED24wW) ™ Xt = * Ph
o] solvent, rt, 2d Ph  pn
(¥)-1aa 2a (1.5 equiv.) 3 3 3"
Entry Solvent Yield of 3 Yield of 3' Yield of 3" ee of 3

1 DMF <5% ~30% 9% NA
2 MeCN 10% ~30% 6% 86%
3 Et,O ND ~30% 8% NA
4 THF 9% ~20% 9% 80%
5 fluorobenzene 13% ~30% 16% 92%
6 trifluorotoluene 20% ~30% 13% 92%
7 hexafluorobenzene 5% ~20% 18% 46%
8 EtOAc ND ~10% <5% NA
9 CH>Cl 14% ~30% 11% 82%

[a] Reaction conditions: (+)-1aa (0.050 mmol), 2a (1.5 equiv.), Cul (10 mol%), L1 (12 mol%), and Cs2CO3 (2.0
equiv.) in anhydrous solvent (0.50 mL) at rt under irradiation of blue LED (24 W) for 2 d under argon. Yields of 3
and 3" were based on '"H NMR analysis of the crude product using CH2Br> as an internal standard. Yield of 3’ was
the isolated yield. Ee value was determined by HPLC analysis. [b] ND = not detected. [c] NA = not applicable. In

most cases, 2-phenylpropanoic acid via the hydrolysis of 1aa could be detected.
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Table S2 Screening of different bases!?!

Cul (10 mol%)

- o gam "
O_N;:|© * Ph/ Blue LED (24 W) PhJ\ Yoz Z . Ph/kfph
o] PhCF3, rt, 3 d Ph  ph
(+)-1aa 2a (1.5 equiv.) 3 3 3"
Entry Base Yield of 3 Yield of 3' Yield of 3" ee of 3

10 Cs2CO3 20% ~30% 13% 92%
2 Cs2COs 21% ~30% 12% 92%
3 K3PO4 13% ~10% 5% 92%
4 K>HPO4 ND <5% <5% NA
5 CsOAc ND <5% <5% NA
6 Et:N ND <5% <5% NA
7 pyridine ND <5% <5% NA

[a] Reaction conditions: (£)-1aa (0.050 mmol), 2a (1.5 equiv.), Cul (10 mol%), L1 (12 mol%), and base (2.0
equiv.) in PhCF3 (0.50 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yields of 3 and 3"
were based on '"H NMR analysis of the crude product using CH2Br as an internal standard. Yield of 3’ was the

isolated yield. Ee value was determined by HPLC analysis. [b] Reaction time: 2 d.
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Table S3 Screening of different ligands!?!

0 Cul (10 mol%)

0 . L (12 mol%)
ooN vz Cel0s@eaiv)
Ph Blue LED (24 W)
4 PhCF3, 1t, 3d
(£)-1aa 2a (1.5 equiv.)
o) ~ )
Me L2, Ar = 2,4,6-Me;CgH,
N L4, Ar = 3,5-(CgHs)2CeH3
L5, Ar = 3,5-(MeO),CeHs HNY

[~ NH PA2 16 Ar=246/Pr,CeH,
N o%‘\(j L7, Ar = 3,5-(CF3),CgH3 0
PAr,

L3, Ar = 3,5-Bu,CgHs

Entry L Yield of 3 Yield of 3' Yield of 3" ee of 3
1 L1 21% ~30% 12% 92%
2 L2 <5% ~10% <5% NA
3 L3 21% ~20% 6% -72%
4 L4 6% ~20% 7% 70%
5 L5 15% ~30% 16% 76%
6 L6 <5% <5% <5% NA
7 L7 <5% ~10% <5% NA
8 L8 17% ~30% 14% 58%
9 L9 18% ~10% <5% -48%

[a] Reaction conditions: (+)-1aa (0.050 mmol), 2a (1.5 equiv.), Cul (10 mol%), L (12 mol%), and Cs2COs (2.0
equiv.) in PhCF3 (0.50 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yields of 3 and 3"
were based on 'H NMR analysis of the crude product using CH2Br2 as an internal standard. Yield of 3’ was the
isolated yield. Ee value was determined by HPLC analysis. In most cases, 2-phenylpropanoic acid via the

hydrolysis of 1aa could be detected.
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Table S4. Screening of copper salts!?!
[Cu] (10 mol%)

o H L1 (12 mol%) Ph
O-N / 052003 (2 equiv.) //
+ _— Ph S + + ph Ph
Ph Blue LED (24 W) A Z
o]

PhCF3, rt, 3 d Ph ph

(+)-1aa 2a (1.5 equiv.) 3 3 3"
Entry [Cu] salt Yield of 3 Yield of 3' Yield of 3" ee of 3

1 Cul 21% ~30% 12% 92%

2 CuCl 18% ~20% 5% 92%

3 CuSCN 19% ~20% 7% 92%

4 Cu(MeCN)4PFs 17% ~20% 7% 92%

5 CuTc 9% ~30% 14% 72%

6 Cu(PPh3)Br ND ~10% 6% NA

7 CuCl, ND ~20% 13% NA

[a] Reaction conditions: (£)-1aa (0.050 mmol), 2a (1.5 equiv.), [Cu] salt (10 mol%), L1 (12 mol%), and Cs2CO3
(2.0 equiv.) in PhCF3 (0.50 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yield of 3 and 3"’
were based on '"H NMR analysis of the crude product using CH2Br as an internal standard. Yield of 3’ was the
isolated yield. Ee value was determined by HPLC analysis. In most cases, 2-phenylpropanoic acid via the

hydrolysis of 1aa could be detected.
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3. Control experiments

Table S5. Variation of reaction parameters!?
Cul (10 mol%)

H  L1(12 mol%) Ph
o. . Cs,00;(35equiv) . =
Ph NNaphth ¥ pp Ph™ O y
o)

PhCF3, 1t, 3 d Ph Ph
blue LED
1b 2a (1.5 equiv.) 4 3
Entry Variation Yield of 4  Yield of 3' eeof4
10 No light 11% 0% 97%
2 No Cul 0% 0% NA
3 No L1 6% ~10% NA
4 No Cs2CO; 0% 0% NA

[a] Reaction conditions: 1b (0.050 mmol), 2a (1.5 equiv.), Cul (10 mol%), L1 (12 mol%), and Cs2COs (3.5 equiv.)
in PhCF3 (1 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yield of 4 was based on 'H NMR
analysis of the crude product using CH:Br: as an internal standard. Yield of 3’ was the isolated yield. Ee value was

determined by HPLC analysis. [b] The reaction was stirred at rt for 3 d. and then was stirred at reflux for 2 d.
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4. Stern-Volmer luminescence quenching experiments
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Figure S1a. Cu(I)-phenylacetylide emission quenching by 1b.
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Figure S1b. Cu(I)-phenylacetylide emission quenching by ethynylbenzene (2a).
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Figure Slc. Cu(I)-phenylacetylide emission quenching by 1aa.
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Figure S1d. Cu(I)-phenylacetylide emission quenching by 1ab.
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Figure Sle. Cu(I)-phenylacetylide emission quenching by 1ac.
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Figure S1f. Cu(I)-phenylacetylide emission quenching by 1ad.
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Figure S1g. Cu(I)-phenylacetylide emission quenching by 1ae.
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Figure S1h. Cu(I)-phenylacetylide emission quenching by 1af.
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Figure S1i. Cu(I)-phenylacetylide emission quenching by 1ag.
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Figure S1j. Cu(I)-phenylacetylide emission quenching by 1ah.
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Figure S1k. Comparison of quenching efficiency with 1aa—1ah.
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5. Cyclic voltammetry experiments

Cyclic voltammetry experiment was performed using a CH Instruments
Electrochemical Workstation model PalmSens4. The electrochemical cell was
equipped with a glassy carbon working electrode, a Pt mesh counter electrode, and a
Ag/AgNOs (10 mM AgNO3 in MeCN) reference electrode. A solution of 1b in MeCN
(0.001 M) was tested with 0.1 M BusNPFe as the supporting electrolyte and ferrocene
was using as an internal standard. Scan rate = 0.1 V/s, 2 sweep segments, a sample

interval of 0.001 V.
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Figure S1. Cyclic voltammogram of 1b in MeCN. Ep= —-1.567 V vs. Fc/Fc'. Ep (vs.
SCE)=-1.567V+0.393 V=-1.174 V.
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6. The synthesis of N-hydroxyphthalimide esters

General procedure 1

COOH Q DMAP (10 mol%) R? o
R? DCC (1.1 equiv.
1 + HO-N R® ) O-N
R CH,Cly, 1t, 12 h R
4 0
R3

(1.06 equiv.)

To a solution of alkyl carboxylic acid (1.0 equiv.), N,N-dimethylpyridin-4-amine
(DMAP, 10 mol%) and N-hydroxyphthalimide or its analogues (1.06 equiv.) in dry
CH2Cl2 (0.1 M) was added a solution of N,N-dicyclohexylcarbodiimide (DCC, 1.1
equiv.) in CH2Cl2 (0.4 M) under an ice-water bath. Then, the reaction mixture was
stirred for 12 h at room temperature. After the completion of reaction, the organic
solvent was removed by rotary evaporator under vacuum and the residue was purified
by flash column chromatography on silica gel to afford the pure products.'!!

1,3-Dioxoisoindolin-2-yl 2-phenylpropanoate (1aa)

0]

O\N

O
@)

According to General procedure 1 with 2-phenylpropanoic acid (300.4 mg, 2.0
mmol, 1.0 equiv.) and 2-hydroxyisoindoline-1,3-dione (345.8 mg, 2.12 mmol, 1.06
equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/2) to yield the product laa as a
colorless solid (442.9 mg, 75% yield).

'"H NMR (400 MHz, CDCls) 6: 7.87-7.85 (m, 2H), 7.79-7.75 (m, 2H), 7.42-7.38 (m,
4H), 7.36-7.31 (m, 1H), 4.13 (q, J = 7.2 Hz, 1H), 1.68 (d, J = 7.2 Hz, 3H); *C NMR
(100 MHz, CDCl3) o0: 170.8, 161.8, 138.3, 134.7, 128.9, 128.7, 127.8, 127.5, 123.9,

42.9,19.0. The NMR spectra were in accord with that reported in literature.!!!

5-Fluoro-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ab)

(@)

O\N

O
o F
According to General procedure 1 with 2-phenylpropanoic acid (412.2 mg, 2.7
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mmol, 1.0 equiv.) and 5-fluoro-2-hydroxyisoindoline-1,3-dione (522.0 mg, 2.9 mmol,
1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 1ab as a
colorless solid (609.0 mg, 72% yield).

"H NMR (400 MHz, CDCls) 6: 7.89-7.86 (m, 1H), 7.56-7.53 (m, 1H), 7.46-7.43 (m,
1H), 7.42-7.38 (m, 4H), 7.36-7.31 (m, 1H), 4.12 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 7.2
Hz, 3H); C NMR (100 MHz, CDCls) 6: 170.7, 166.6 (d, J = 257.2 Hz), 160.6, 138.2,
131.7 (d, J=9.5 Hz), 128.9, 127.8, 127.5, 126.6 (d, J = 9.4 Hz), 124.7 (d, J = 3.2 Hz),
121.8 (d, J=23.4 Hz), 111.9 (d, J = 25.0 Hz), 42.9, 18.9; HRMS (ESI): decomposed
to CsH4FNO3, m/z calcd for CsH3FNO3 [M-H]: 180.0102, found: 180.0095.

5-Methyl-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ac)

0]

O\N

OO Me

According to General procedure 1 with 2-phenylpropanoic acid (300.4 mg, 2.0
mmol, 1.0 equiv.) and 2-hydroxy-5-methylisoindoline-1,3-dione (375.6 mg, 2.12
mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/4) to yield the
product 1ac as a colorless solid (494.9 mg, 80% yield).

'"H NMR (400 MHz, CDCls) d: 7.73 (d, J = 7.6 Hz, 1H), 7.66 (s, 1H), 7.55 (d, J= 7.6
Hz, 1H), 7.42-7.37 (m, 4H), 7.36-7.30 (m, 1H), 4.12 (q J = 7.1 Hz, 1H), 2.51 (s, 3H),
1.67 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) 6: 170.8, 162.0, 146.2, 138.4,
135.2, 129.2, 128.9, 127.8, 127.6, 126.2, 124.4, 123.9, 42.9, 22.1, 19.0; HRMS (ESI):
m/z caled for C1sH16NO4 [M+H]": 310.1074, found: 310.1071.

5-Methoxy-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ad)

(@)

O\N

© o OMe

According to General procedure 1 with 2-phenylpropanoic acid (300.4 mg, 2.0

mmol, 1.0 equiv.) and 2-hydroxy-5-methoxyisoindoline-1,3-dione (409.5 mg, 2.12
S20



mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product 1ad as a colorless solid (455.4 mg, 70% yield).

'H NMR (400 MHz, CDCls) 6: 7.76 (d, J = 8.4 Hz, 1H), 7.42-7.37 (m, 4H), 7.35-7.30
(m, 2H), 7.19 (dd, J = 8.4, 2.4 Hz, 1H), 4.11 (q, J = 7.2 Hz, 1H), 3.92 (s, 3H), 1.67 (d,
J = 7.2 Hz, 3H); C NMR (100 MHz, CDCl3) é: 170.9, 165.1, 161.8, 138.4, 131.4,
128.9, 127.7, 127.5, 125.8, 120.6, 120.2, 108.9, 56.1, 42.9, 19.0, HRMS (ESI): m/z
calced for C1sH16NOs [M+H]": 326.1023, found: 326.1019.

4,5,6,7-Tetrachloro-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ae)

o)

~ CI
© N

0]
o Cl

Cl Cl

According to General procedure 1 with 2-phenylpropanoic acid (300.4 mg, 2.0
mmol, 1.0 equiv.) and 4,5,6,7-tetrachloro-2-hydroxyisoindoline-1,3-dione (637.9 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product 1ae as a colorless solid (563.0 mg, 65% yield).

'H NMR (400 MHz, CDCl3) §: 7.42-7.37 (m, 4H), 7.35-7.31 (m, 1H), 4.12 (g, J = 7.2
Hz, 1H), 1.67 (d, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) J: 170.3, 157.4, 141.0,
137.9, 130.4, 129.0, 127.9, 127.5, 124.7, 42.9, 18.9; HRMS (ESI): decomposed to
CsHCI4NOs3, m/z caled for CsClsNO3 [M-H]: 297.8638, found: 297.8639.

1,3-Dioxo0-4,5,6,7-tetraphenylisoindolin-2-yl 2-phenylpropanoate (1af)
O
O« N Ph

O
o Ph

Ph Ph
According to General procedure 1 with 2-phenylpropanoic acid (758.4 mg, 5.1
mmol, 1.0 equiv.) and 2-hydroxy-4,5,6,7-tetraphenylisoindoline-1,3-dione (2.5 g, 5.4

mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
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chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product 1af as a colorless solid (2.2 g, 71% yield).

'"H NMR (400 MHz, CDCls) 6: 7.32-7.31 (m, 4H), 7.27-7.24 (m, 1H), 7.19-7.18 (m,
6H), 7.11 (s, 4H), 6.90-6.88 (m, 6H), 6.74 (s, 4H), 4.00 (q, /= 7.2 Hz, 1H), 1.60 (d, J
= 7.6 Hz, 3H); *C NMR (100 MHz, CDCls) J: 170.6, 148.5, 140.1, 138.2, 137.7,
135.0, 130.6, 129.8, 128.8, 127.6, 127.59, 127.55, 127.4, 127.0, 126.4, 125.1, 42.9,
19.0; HRMS (ESI): m/z calcd for C41H30NO4 [M+H]": 600.2169, found: 600.2164.

1,3-Dioxo-1H-benzo|[de]isoquinolin-2(3H)-yl 2-phenylpropanoate (1ag)
O
SRses
© O

According to General procedure 1 with 2-phenylpropanoic acid (300.4 mg, 2.0

mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[de]isoquinoline-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product 1ag as a colorless solid (497.3 mg, 72% yield).

'"H NMR (400 MHz, CDCl3) ¢: 8.61-8.55 (m, 2H), 8.25 (d, J = 8.0 Hz, 2H), 7.76 (q, J
= 8.0 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 7.43 (t, J= 7.6 Hz, 2H), 7.34 (t, /= 7.2 Hz,
1H), 4.24 (q, J = 7.2 Hz, 1H), 1.76 (d, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3)
0: 170.6, 159.6, 159.4, 138.7, 135.0, 134.9, 131.9, 131.8, 128.8, 127.8, 127.7, 127.6,
127.1, 122.3, 43.2, 19.0; HRMS (ESI): m/z caled for C21H16NO4 [M+H]": 346.1074,
found: 346.1070.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-phenylpropanoate (1ah)
O

According to General procedure 1 with 2-phenylpropanoic acid (1.3 g, 8.8 mmol,
1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (2.0 g, 9.3 mmol, 1.06
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equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/1) to yield the product 1ah as a
colorless solid (2.1 g, 70% yield).

'"H NMR (400 MHz, CDCls) J: 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.46-7.39 (m, 4H), 7.36-7.32 (m, 1H), 4.16 (q, J = 7.1 Hz, 1H), 1.70 (d, J = 7.2 Hz,
3H); *C NMR (100 MHz, CDCl3) 6: 170.6, 161.4, 138.4, 135.4, 130.4, 129.6, 128.9,
127.8, 127.6, 125.7, 124.4, 43.0, 19.0, HRMS (ESI): m/z caled for C21Hi16NO4
[M+H]": 346.1074, found: 346.1070.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-phenylbutanoate (1b)

According to General procedure 1 with 2-phenylbutanoic acid (328.4 mg, 2.0 mmol,
1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol,
1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/1) to yield the product 1b as a
colorless solid (503.1 mg, 70% yield).

'H NMR (400 MHz, CDCls) 6: 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.44-7.38 (m, 4H), 7.36-7.31 (m, 1H), 3.89 (t, J = 7.6 Hz, 1H), 2.33-2.22 (m, 1H),
2.04-1.93 (m, 1H), 1.06 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) 6: 170.1,
161.4, 136.8, 135.4, 130.4, 129.6, 128.8, 128.1, 127.8, 125.7, 124.4, 50.5, 27.2, 11.9;
HRMS (ESI): m/z caled for C22H1sNOs [M+H]"™: 360.1230, found: 360.1228.

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 3-methyl-2-phenylbutanoate (S5)

According to General procedure 1 with 3-methyl-2-phenylbutanoic acid (356.5 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
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2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S5 as a colorless solid (470.5 mg, 63% yield).

'H NMR (400 MHz, CDCls) 6: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.43-7.31 (m, 5H), 3.61 (d, J = 9.6 Hz, 1H), 2.53-2.40 (m, 1H), 1.25 (d, J = 6.8 Hz,
3H), 0.85 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCI3) §: 169.9, 161.4, 136.0,
135.4, 130.4, 129.6, 128.7, 128.6, 127.9, 125.7, 124.4, 56.6, 32.4, 21.2, 20.2; HRMS
(ESI): m/z calcd for C23H20NO4 [M+H]": 374.1387, found: 374.1388.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-cyclohexyl-2-phenylacetate
(S6)

According to General procedure 1 with 2-cyclohexyl-2-phenylacetic acid (436.6 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S6 as a colorless solid (504.4 mg, 61% yield).

"H NMR (400 MHz, CDCls) J: 8.33 (s, 2H), 8.06-8.04 (m, 2H), 7.73-7.70 (m, 2H),
7.42-7.31 (m, 5H), 3.67 (d, J = 9.6 Hz, 1H), 2.16-2.09 (m, 2H), 1.86-1.83 (m, 1H),
1.68-1.66 (m, 2H), 1.47-1.44 (m, 1H), 1.37-1.17 (m, 4H), 0.93-0.85 (m, 1H); "*C
NMR (100 MHz, CDCl3) J: 169.9, 161.4, 135.6, 135.4, 130.4, 129.6, 128.7, 127.8,
125.7, 124.4, 55.6, 41.5, 31.6, 30.4, 26.2, 26.0, 25.9; HRMS (ESI): m/z calcd for
C26H24NO4 [M+H]": 414.1700, found: 414.1701.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 5-chloro-2-phenylpentanoate (S7)
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Cl

Cl
1) LDA (2.5 equiv.) DMAP (10 mol%)

-78 © DCC (1.1 equiv.
coon __THF.-78°C, 1h (1.1 equiv.)
2) koGl COOH Q
(1.5 equiv.) _
i, 12 h HO-N

(0]
(1.06 equiv.)
CH,Cly, 1t, 12 h

To a stirred solution of LiN(iPr)2 (LDA, 7.5 mL, 15 mmol, 2.5 equiv., 2.0 M in THF)
in dry THF (20 mL) was added dropwise the solution of 2-phenylacetic acid (6 mmol,
1 equiv.) in dry THF (15 mL) under Ar at -78 °C. The reaction mixture was stirred at
0 °C for 1 h and cooled to -78 °C again. Then, 1-chloro-3-iodopropane (1.84 g, 9
mmol) was added and the reaction mixture was stirred for 12 h at room temperature.
After the completion of reaction, the reaction was quenched with aqueous HC1 (1 M).
The reaction mixture was extracted with CH2Cl2 (3 x 10 mL). The combined organic
layers were washed with saturated brine (2 x 30 mL) and dried with over anhydrous
MgSOs4. The organic solvent was removed by rotary evaporator under vacuum to yield
5-chloro-2-phenylpentanoic acid which was used directly without further purification.
According to General procedure 1 with 5-chloro-2-phenylpentanoic acid (425.3 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S7 as a colorless solid (571.0 mg, 70% yield).

'H NMR (400 MHz, CDCls) 6: 8.34 (s, 2H), 8.06-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.44-7.33 (m, 5H), 4.01 (t, J = 7.6 Hz, 1H), 3.65-3.54 (m, 2H), 2.41-2.32 (m, 1H),
2.20-2.11 (m, 1H), 2.03-1.82 (m, 2H); *C NMR (100 MHz, CDCI3) J: 169.8, 161.3,
136.4, 135.4, 130.4, 129.7, 129.0, 128.1, 128.0, 125.8, 124.3, 48.2, 44.3, 31.1, 30.0;
HRMS (ESI): m/z caled for C23Hi9CINOs [M+H]": 408.0997, found: 408.0997.

1-(1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl 2-phenylsuccinate
(S8)
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CO,Et

1) LDA (2.5 equiv.) CO,Et DMAP (10 mol%) o
o X
coon __THF.-78°C, 1h DCC (1.1 equiv.) o.
2) BrCH,CO,Et COOH 0 N
(1.5 equiv.) o g Q
r,12h HO-N Q
S8

o
(1.06 equiv.)
CH,Cly, rt, 12 h

The synthetic procedure of 4-ethoxy-4-oxo0-2-phenylbutanoic acid is the same as that
of 5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 4-ethoxy-4-oxo-2-phenylbutanoic acid
(444.5 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione
(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by
column chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to
yield the product S8 as a colorless solid (542.6 mg, 65% yield).

"H NMR (400 MHz, CDCls) J: 8.34 (s, 2H), 8.05-8.04 (m, 2H), 7.72-7.70 (m, 2H),
7.44-7.36 (m, 5H), 4.55 (t, J = 7.6 Hz, 1H), 4.20 (q, J = 6.8 Hz, 2H), 3.31-3.25 (m,
1H), 2.90-2.85 (m, 1H), 1.26 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCls) 4:
170.2, 169.4, 161.1, 135.6, 135.4, 130.4, 129.6, 129.1, 128.3 128.0, 125.7, 124.3, 61.2,
45.0, 38.2, 14.1; HRMS (ESI): m/z caled for C24H20NOs [M+H]": 418.1285, found:
418.1285.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-phenylhex-4-ynoate (S9)

) LDA (2.5 equiv.) DMAP (10 mol%)
o, DCC 1 1 equiv.
COOH THF -78°C,1h quiv.)
2) / COOH
(1.5 equiv.)

rt, 12 h

(1 06 equiv.)
CHyCly, rt, 12 h

The synthetic procedure of 2-phenylhex-4-ynoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-phenylhex-4-ynoic acid (376.5 mg, 2.0
mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S9 as a colorless solid (460.1 mg, 60% yield).
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'"H NMR (400 MHz, CDCls) : 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.46-7.34 (m, 5H), 4.20 (t, J = 7.6 Hz, 1H), 3.05-2.97 (m, 1H), 2.77-2.69 (m, 1H),
1.81 (t, J = 2.4 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 169.1, 161.2, 135.8, 135.4,
130.4, 129.6, 128.9, 128.2, 127.9, 125.7, 124.3, 78.8, 74.8, 48.8, 24.0, 3.5; HRMS
(ESI): m/z caled for C24H1sNO4 [M+H]": 384.1230, found: 384.1230.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-phenylpent-4-enoate (S10)
|

1) LDA (2.5 equiv.) ‘ DMAP (10 mol%)

X o}
-78 © DCC (1.1 equiv.
COOH THF, -78°C, 1 h ( quiv.) O‘N
2) _~UBr COOH 0 I
(1.5 equiv.) _ 0] Q
it 12 h HO™N OO
S10

¢} )

(1.06 equiv.)

CH,Cl,, 1t, 12 h

The synthetic procedure of 2-phenylpent-4-enoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-phenylpent-4-enoic acid (352.4 mg, 2.0
mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S10 as a colorless solid (453.1 mg, 61% yield).

'"H NMR (400 MHz, CDCIs) d: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.44-7.32 (m, 5H), 5.89-5.78 (m, 1H), 5.20-5.12 (m, 2H), 4.07 (t, J = 7.6 Hz, 1H),
3.02-2.95 (m, 1H), 2.74-2.67 (m, 1H); 3C NMR (100 MHz, CDCIl3) J: 169.6, 161.3,
136.3, 135.4, 133.9, 130.4, 129.6, 128.9, 128.1, 128.0, 125.7, 124.4, 118.1, 48.7, 37.8;
HRMS (ESI): m/z calcd for C23H1sNOs [M+H]": 372.1230, found: 372.1231.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(4-chlorophenyl)butanoate
(S11)

1) LDA (2.5 equiv.) DMAP (10 mol%) o
_78 © DCC (1.1 equiv.
coon —_THF.-78°C, 1 h o0 (1.1 equiv.) 0.,
2) Etl (1.5 equiv.) Q o
Cl t, 12 h cl O‘

o )
(1.06 equiv.)
CH.Cly, rt, 12 h
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The synthetic procedure of 2-(4-chlorophenyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(4-chlorophenyl)butanoic acid (397.2 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S11 as a colorless solid (590.7 mg, 75% yield).

"H NMR (400 MHz, CDCls) J: 8.35 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.71 (m, 2H),
7.39-7.34 (m, 4H), 3.86 (t, J = 7.6 Hz, 1H), 2.31-2.20 (m, 1H), 2.01-1.90 (m, 1H),
1.05 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 169.8, 161.3, 135.4, 135.3,
133.8, 130.4, 129.7, 129.5, 129.0, 125.8, 124.3, 49.9, 27.2, 11.8; HRMS (ESI): m/z
calcd for C22H17CINOs [M+H]": 394.0841, found: 394.0839.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(3-chlorophenyl)butanoate
(S12)

1) LDA (2.5 equiv.) DMAP (10 moI%
THF, -78 °C, 1 DCC (1.1 equiv.)
COOH o COOH :
2) Etl (1.5 equiv.)
rt, 12 h o

Cl cl
S§12

(1 .06 equiv.)
CH,Cly, 1t, 12 h

The synthetic procedure of 2-(3-chlorophenyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(3-chlorophenyl)butanoic acid (397.2 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S12 as a colorless solid (551.4 mg, 70% yield).

"H NMR (400 MHz, CDCls) : 8.35 (s, 2H), 8.07-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.43 (s, 1H), 7.36-7.30 (m, 3H), 3.86 (t, J = 7.6 Hz, 1H), 2.32-2.21 (m, 1H), 2.03-1.92
(m, 1H), 1.07 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) J: 169.6, 161.3, 138.7,
135.5, 134.7, 130.4, 130.1, 129.7, 128.4, 128.1, 126.3, 125.8, 124.4, 50.2, 27.2, 11.8;
HRMS (ESI): m/z calcd for C22H17CINOs [M+H]": 394.0841, found: 394.0841.
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1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(2-chlorophenyl)butanoate
(S13)

cl 1)LDA 25equiv) DMAP (10 mol%) o
coon __THF.-78°C, 1h DCC (1.1 equiv.)
@A 2) Etl (1.5 equiv.) ©/(COOH Q
t 12 HON
e,
The synthetic procedure of 2-(2-chlorophenyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).
According to General procedure 1 with 2-(2-chlorophenyl)butanoic acid (397.2 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S13 as a colorless solid (496.2 mg, 63% yield).
"H NMR (400 MHz, CDCls) ¢: 8.35 (s, 2H), 8.06-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.52 (dd, J=17.6, 1.6 Hz, 1H), 7.45 (dd, J= 8.0, 1.6 Hz, 1H), 7.34 (td, J= 7.6, 1.2 Hz,
1H), 7.29-7.25 (m, 1H), 4.54 (t, J = 7.4 Hz, 1H), 2.30-2.19 (m, 1H), 2.05-1.94 (m,
1H), 1.08 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) é: 169.7, 161.3, 135.5,
134.8, 134.1, 130.4, 129.8, 129.7, 129.0, 128.8, 127.3, 125.7, 124.4, 46.4, 26.5, 11.7,
HRMS (ESI): m/z calcd for C22H17CINO4 [M+H]™: 394.0841, found: 394.0840.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(4-bromophenyl)butanoate
(S14)

1) LDA (2.5 equiv.) DMAP (10 mol%) o
coon __THF.-78 °C,1h oo DCC (1.1 equiv.) 0.,
2) Etl (1.5 equiv.) Q
Br r,12h Br © O‘

(1.06 equiv.)
CH,Cly, 1t, 12 h

The synthetic procedure of 2-(4-bromophenyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).
According to General procedure 1 with 2-(4-bromophenyl)butanoic acid (486.1 mg,

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
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2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S14 as a colorless solid (622.4 mg, 71% yield).

'H NMR (400 MHz, CDCls) 6: 8.35 (s, 2H), 8.07-8.04 (m, 2H), 7.73-7.71 (m, 2H),
7.53 (d, J= 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 3.85 (t, / = 7.6 Hz, 1H), 2.31-2.20
(m, 1H), 2.01-1.90 (m, 1H), 1.05 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) ¢:
169.7, 161.3, 135.9, 135.5, 132.0, 130.4, 129.8, 129.7, 125.8, 124.3, 121.9, 50.0, 27.2,
11.8; HRMS (ESI): m/z calcd for C22H17BrNO4 [M+H]": 438.0335, found: 438.0335.

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(p-tolyl)butanoate (S15)

1) LDA (2.5 equiv.) DMAP (10 mol%) o
THF, -78 °C, 1 h DCC (1.1 equiv.
COOH el coon Q.1 equiv) Ouy
2) Etl (1.5 equiv.) Q
Me i, 12 h © O‘

Me

(1.06 equiv.)
CHyCly, 1t, 12 h

The synthetic procedure of 2-(p-tolyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(p-tolyl)butanoic acid (356.3 mg, 2.0
mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S15 as a colorless solid (560.1 mg, 75% yield).

"H NMR (400 MHz, CDCls) J: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.31 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 3.85 (t, J = 7.6 Hz, 1H), 2.36 (s,
3H), 2.31-2.20 (m, 1H), 2.02-1.91 (m, 1H), 1.05 (t, J = 7.4 Hz, 3H); *C NMR (100
MHz, CDCls) d: 170.3, 161.4, 137.5, 135.4, 133.9, 130.4, 129.6, 129.5, 127.9, 125.7,
124.4, 50.1, 27.2, 21.1, 11.9; HRMS (ESI): m/z calcd for C23H20NO4 [M+H]":
374.1387, found: 374.1386.

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl  2-(3-methoxyphenyl)butanoate
(S16)
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1) LDA (2.5 equiv.) DMAP (10 mol%)

° DCC (1.1 equiv.
COOH THF,-78°C,1h coon ( quiv.)
2) Etl (1.5 equiv.)
rt 12h

OMe

(1.06 equiv.)
CH,Clp, 1t, 12 h

The synthetic procedure of 2-(3-methoxyphenyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(3-methoxyphenyl)butanoic acid (388.5
mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0
mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S16 as a colorless solid (599.7 mg, 77% yield).

"H NMR (400 MHz, CDCls) : 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.31 (t, J = 7.8 Hz, 1H), 7.01-6.99 (m, 2H), 6.89-6.86 (m, 1H), 3.89-3.85 (m, 4H),
2.31-2.21 (m, 1H), 2.04-1.93 (m, 1H), 1.07 (t, J = 7.4 Hz, 3H); '*C NMR (100 MHz,
CDCl) 0: 170.0, 161.4, 159.9, 138.3, 135.4, 130.4, 129.7, 129.6, 125.7, 124.4, 120.5,
113.5, 55.3, 50.5, 27.2, 11.9; HRMS (ESI): m/z calcd for C23H20NOs [M+H]":
390.1336, found: 390.1332.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(naphthalen-2-yl)butanoate
(S17)

1) LDA (2.5 equiv.) DMAP (10 mol%)
-78° DCC (1.1 equiv.
COOH THF, -78°C, 1h coon q )
2) Etl (1.5 equiv.) OO

rt, 12 h
HO

O
(1.06 equiv.)
CHyCly, 1t, 12 h

The synthetic procedure of 2-(naphthalen-2-yl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(naphthalen-2-yl)butanoic acid (428.5 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the

product S17 as a colorless solid (573.2 mg, 70% yield).
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'H NMR (400 MHz, CDCls) &: 8.34 (s, 2H), 8.05-8.03 (m, 2H), 7.91-7.83 (m, 4H),
7.73-7.69 (m, 2H), 7.57-7.47 (m, 3H), 4.07 (t, J = 7.6 Hz, 1H), 2.43-2.32 (m, 1H),
2.15-2.04 (m, 1H), 1.10 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) §: 170.1,
161.4, 135.4, 134.3, 133.4, 132.9, 130.4, 129.6, 128.6, 128.0, 127.7, 127.3, 126.3,
126.1, 125.71, 125.69, 124.4, 50.7, 27.2, 11.9; HRMS (ESI): m/z caled for CasH20NO4
[M+H]": 410.1387, found: 410.1388.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(4-isobutylphenyl)propanoate
(S18)

According to General procedure 1 with ibuprofen (309.4 mg, 1.5 mmol, 1.0 equiv.)
and 2-hydroxy-1H-benzol[f]isoindole-1,3(2H)-dione (339.0 mg, 1.59 mmol, 1.06
equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/2) to yield the product S18 as a
colorless solid (439.6 mg, 73% yield).

'"H NMR (400 MHz, CDCIs) d: 8.35 (s, 2H), 8.06-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.34 (d, J= 8.4 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 4.13 (q, /= 7.1 Hz, 1H), 2.49 (d, J
= 7.2 Hz, 2H), 1.93-1.83 (m, 1H), 1.69 (d, J = 7.2 Hz, 3H), 0.92 (d, J = 6.8 Hz, 6H);
BC NMR (100 MHz, CDCIs) 6: 170.8, 161.4, 141.2, 135.6, 135.4, 130.4, 129.62,
129.60, 127.3, 125.7, 124.4, 45.1, 42.7, 30.1, 22.4, 19.0, HRMS (ESI): m/z calcd for
C25H24NO4 [M+H]": 402.1700, found: 402.1701.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate (S19)

0]
T
S0
F

According to General procedure 1 with flurbiprofen acid (488.5 mg, 2.0 mmol, 1.0

S32



equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol,
1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/1) to yield the product S19 as a
colorless solid (536.1 mg, 61% yield).

"H NMR (400 MHz, CDCls) J: 8.37 (s, 2H), 8.08-8.05 (m, 2H), 7.75-7.71 (m, 2H),
7.57 (d, J = 7.6 Hz, 2H), 7.51-7.44 (m, 3H), 7.40-7.36 (m, 1H), 7.32-7.29 (m, 2H),
4.20 (q, J = 7.2 Hz, 1H), 1.75 (d, J = 7.2 Hz, 3H); 3*C NMR (100 MHz, CDCI3) J:
170.2, 161.3, 159.8 (d, J = 247.4 Hz), 139.5 (d, /= 7.7 Hz), 135.4, 1353, 131.2 (d, J
= 3.9 Hz), 130.4, 129.7, 129.0 (d, J = 2.9 Hz), 128.6, 128.4, 127.7, 125.8, 124.3,
123.6 (d, J = 3.4 Hz), 115.5 (d, J = 24.0 Hz), 42.5, 19.0; '°’F NMR (376 MHz, CDCls)
d: -116.9; HRMS (ESI): m/z caled for C27H1oFNO4 [M+H]": 440.1293, found:
440.1288.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
2-(5H-chromeno[2,3-b]pyridin-7-yl)propanoate (S20)

According to General procedure 1 with pranoprofen (510.5 mg, 2.0 mmol, 1.0 equiv.)
and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 1.06
equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (ethyl acetate/dichloromethane = 1/30) to yield the product S20 as a
colorless solid (504.5 mg, 56% yield).

'"H NMR (400 MHz, CDCl3) J: 8.36 (s, 2H), 8.18 (d, J = 4.0 Hz, 1H), 8.07-8.04 (m,
2H), 7.74-7.70 (m, 2H), 7.55 (d, J = 6.4 Hz, 1H), 7.29-7.27 (m, 2H), 7.20 (d, J = 8.0
Hz, 1H), 7.06-7.03 (m, 1H), 4.16-4.10 (m, 3H), 1.69 (d, J = 7.2 Hz, 3H); '*C NMR
(100 MHz, CDCl3) o0: 170.6, 161.4, 158.3, 151.2, 146.7, 138.4, 135.4, 133.7, 130.4,

S33



129.7, 127.7, 127.4, 125.8, 124.3, 119.9, 119.86, 117.6, 115.3, 42.3, 28.1, 19.1;
HRMS (ESI): m/z calcd for C27H19N20s [M+H]": 451.1288, found: 451.1285.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
2-(10-0x0-10,11-dihydrodibenzo[b,f]thiepin-2-yl)propanoate (S21)

According to General procedure 1 with zaltoprofen (596.7 mg, 2.0 mmol, 1.0 equiv.)
and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 1.06
equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (ethyl acetate/dichloromethane = 1/50) to yield the product S21 as a
colorless solid (572.5 mg, 58% yield).

"H NMR (400 MHz, CDCIs) J: 8.25 (s, 2H), 8.17 (d, J = 7.6 Hz, 1H), 7.97-7.95 (m,
2H), 7.67-7.63 (m, 3H), 7.57-7.53 (m, 2H), 7.39 (td, J = 7.4, 0.8 Hz, 1H), 7.31-7.26
(m, 2H), 4.40-4.34 (m, 2H), 4.16 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 7.2 Hz, 3H); *°C
NMR (100 MHz, CDCls) ¢: 191.0, 170.0, 161.1, 140.4, 139.8, 138.1, 135.9, 135.2,
133.9, 132.4, 131.6, 131.4, 130.7, 130.2, 129.5, 128.6, 126.7, 126.3, 125.6, 124.0,
50.9, 42.5, 18.9; HRMS (ESI): m/z calcd for C2o0H20NOsS [M+H]™: 494.1057, found:
494.1057.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl

2-((8R,9S,13S,14S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cy
clopenta[a]phenanthren-3-yl)propanoate (S22)
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Pd(OAc), (5 mol%)

o)
Ac,0 (20 mol%)
0 P@CF;; (20 mol%)
SOL :
X HCOOH (3.0 equiv.)

toluene, 65 °C, 36 h

O(1.06 equiv.)

DMAP (10 mol%)
DCC (1.1 equiv.)

$22-1 CH,Cl, t, 12 h

S22

To a mixture of Pd(OAc): (56 mg, 025 mmol, 5 mol%),
tri[4-(trifluoromethyl)phenyl]phosphane (466 mg, 1.0 mmol, 0.2 equiv.), and toluene
(5.0 mL) in a vial (50.0 mL) were added
(8R,98,138,145)-13-methyl-3-vinyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclop

enta a]phenanthren-17-one S22-1 (1.40 g, 5.0 mmol, 1.0 equiv.) which was
synthesized according to the literature!”, HCOOH (0.69 g, 15 mmol, 3.0 equiv.), and
Ac20 (0.102 g, 1.0 mmol, 0.2 equiv.). The vial was purged with argon to remove the
air and tightly sealed with a septum cap. The reaction mixture was stirred at 65 °C for
48 h, and then cooled to room temperature. The reaction mixture was diluted with
CH2Cl2 (30 mL), and transferred into a separatory funnel, followed by the addition of
1 M NaOH (30 mL). The mixture was washed with CH2Cl2 (3 x 20 mL) with
vigorous shaking. The aqueous layer was acidified with 3 M HCI (15 mL) and
extracted with CH2Cl2 (3 x 30 mL). The combined organic layers were dried over
NaxSO4 and the organic solvent was removed by rotary evaporator under vacuum. The
residue was purified by flash column chromatography on silica gel to give the product
$22-2 (0.65 g, 40% yield).!

According to General procedure 1 with
2-((8R,95,138,145)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-cycl

openta| a]Jphenanthren-3-yl)propanoic acid S22-2 (650.0 mg, 2.0 mmol, 1.2 equiv.)
and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (360.0 mg, 1.7 mmol, 1.0 equiv.)
for 12 h, the reaction mixture was purified by column chromatography on silica gel
(ethyl acetate/petroleum ether = 1/10) to yield the product S22 as a pale yellow
colorless solid (720.0 mg, 69% yield).
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'H NMR (400 MHz, CDCls) &: 8.36 (s, 2H), 8.12-7.99 (m, 2H), 7.78-7.68 (m, 2H),
7.33 (d, J = 8.1 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H), 7.17 (s, 1H), 4.10 (q, J = 7.4 Hz,
1H), 3.04-2.89 (m, 3H), 2.51 (dd, J = 18.7, 8.6 Hz, 1H), 2.48-2.39 (m, 1H), 2.37-2.26
(m, 1H), 2.23-1.91 (m, 5H), 1.68 (d, J= 7.3 Hz, 4H), 1.57-1.40 (m, 3H), 0.92 (s, 3H);
13C NMR (100 MHz, CDCls) J: 220.9, 170.7, 161.4, 139.3, 137.1, 135.8, 135.4, 130.4,
129.7, 128.2, 128.1, 125.9, 125.7, 125.0, 124.8, 124.4, 50.5, 48.0, 44.3, 42.6, 38.0,
35.8, 31.6, 29.4, 26.5, 25.6, 21.6, 19.1, 13.8; HRMS (ESI) m/z calcd. for C33H3NOs
[M + H]' 522.2275, found 522.2272.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
2-(6-chloropyridin-3-yl)butanoate (S23)

1) LDA (2.5 equiv.) DMAP (10 mol%) o
THF,-78°C, 1h DCC (1.1 equiv.
[ ] cooH ' ‘ r” “COOH — S O
N 2) Etl (1.5 equiv.) \ Q » g
rt, 12 h = cl N O
N e ORI MAS
s23

o
(1.06 equiv.)
CHyCly, 1t, 12 h

The synthetic procedure of 2-(6-chloropyridin-3-yl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(6-chloropyridin-3-yl)butanoic acid (399.2
mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0
mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 2/1) to yield the
product S23 as a colorless solid (497.5 mg, 63% yield).

'H NMR (400 MHz, CDCls) J: 8.42 (d, J = 2.4 Hz, 1H), 8.36 (s, 2H), 8.07-8.04 (m,
2H), 7.78 (dd, J = 8.4, 2.8 Hz, 1H), 7.75-7.71 (m, 2H), 7.39 (d, J = 8.4 Hz, 1H), 3.91
(t,J = 7.6 Hz, 1H), 2.35-2.24 (m, 1H), 2.03-1.92 (m, 1H), 1.07 (t, J = 7.4 Hz, 3H); 1°C
NMR (100 MHz, CDCl3) o: 169.3, 161.2, 151.2, 149.5, 138.1, 135.4, 131.6, 130.4,
129.8, 1259, 124.6, 1242, 47.3, 27.3, 11.7;, HRMS (ESI): m/z calcd for
C21H16CIN204 [M+H]": 395.0793, found: 395.0791.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(benzofuran-3-yl)butanoate
(S24)
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) LDA (2.5 equiv.) DMAP (10 mol%)
THF -78°C,1h DCC 1 1 equiv.) O
o-N
) Etl (1.5 equiv.)
rt, 12 h O 0

(1 06 equiv.)
CH.Cly, rt, 12 h

The synthetic procedure of 2-(benzofuran-3-yl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(benzofuran-3-yl)butanoic acid (408.5 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S24 as a colorless solid (519.2 mg, 65% yield).

"H NMR (400 MHz, CDCls) J: 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.77-7.71 (m, 4H),
7.52 (d, J = 8.0 Hz, 1H), 7.36-7.28 (m, 2H), 4.16 (t, J = 7.2 Hz, 1H), 2.38-2.18 (m,
2H), 1.17 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCI3) 6: 169.6, 161.4, 155.4,
142.8, 135.4, 130.4, 129.7, 126.5, 125.8, 124.7, 124.3, 122.8, 120.0, 116.3, 111.7,
41.0, 25.9, 11.8; HRMS (ESI): m/z caled for C24Hi1sNOs [M+H]": 400.1179, found:
400.1178.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
2-(benzo[b]thiophen-3-yl)butanoate (SZS)

o] 1) LDA (2.5 equiv.) DMAP (10 mol%) w
THE, -78°C, 1 h DCC (1 1 equw) OO
OH o-N
AN 2) Etl (1.5 equiv.)
©E§I< rt, 12 h O o

(1 06 equiv.)
CH,Cly, rt, 12 h

The synthetic procedure of 2-(benzo[b]thiophen-3-yl)butanoic acid is the same as that
of 5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(benzo[b]thiophen-3-yl)butanoic acid
(440.6 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione
(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by
column chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to

yield the product S25 as a colorless solid (523.5 mg, 63% yield).
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'"H NMR (400 MHz, CDCls) : 8.35 (s, 2H), 8.06-8.03 (m, 2H), 7.92-7.89 (m, 2H),
7.74-7.70 (m, 2H), 7.58 (s, 1H), 7.49-7.45 (m, 1H), 7.43-7.38 (m, 1H), 4.39-4.35 (m,
1H), 2.40-2.29 (m, 1H), 2.25-2.15 (m, 1H), 1.18 (t, J = 7.4 Hz, 3H); *C NMR (100
MHz, CDCIl3) d: 169.6, 161.4, 140.3, 137.8, 135.4, 131.0, 130.4, 129.7, 125.8, 124.6,
124.34, 124.3, 124.2, 123.0, 121.5, 44.2, 26.4, 12.0; HRMS (ESI): m/z calcd for
C24H1sNO4S [M+H]": 416.0951, found: 416.0950.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
(E)-2-ethyl-5,5-dimethylhex-3-enoate (S26)

O O piperidine (1 mol%) o 1) LDA (2.5 equiv.) o
M acetic acid (1 mol%) THF, -78°C, 1 h
HO OH + CHO > = oH
) DMSO, rt-100 °C, 3 h OH  2) Etl (1.5 equiv.)
(2 equiv.) $26-1 ,12h $26-2

DMAP (10 mol%) o OQ

DCC (1.1 equiv.) O
0 WO/N
(1.06 equiv.)

CH,Cly, 1t, 12 h

Piperidine (25 pL, 0.25 mmol, 1 mol%) and acetic acid (15 pL, 0.25 mmol, 1 mol%)

were added to a stirred solution of malonic acid (5 g, 50 mmol, 2 equiv.) and
3,3-dimethylbutanal (2.5 g, 25 mmol, 1 equiv.) in DMSO (20 mL) at room
temperature. The reaction mixture was stirred for 20 min at room temperature and
then was heated for 2 h at 100 °C. The reaction mixture was cooled to room
temperature and water (60 mL) was added. Subsequently, the reaction mixture was
extracted with diethyl ether (3 x 30 mL). The combined organic layers were washed
with saturated brine (2 X 30 mL) and dried with over anhydrous MgSOa. The organic
solvent was removed by rotary evaporator under vacuum to afford the crude product
S26-1 without further purification.

The synthetic procedure of (E)-2-ethyl-5,5-dimethylhex-3-enoic acid S26-2 is the
same as that of 5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with (E)-2-ethyl-5,5-dimethylhex-3-enoic acid
S26-2 (510.6 mg, 3.0 mmol, 1.0 equiv.) and
2-hydroxy-1H-benzo|[f]isoindole-1,3(2H)-dione (678.0 mg, 3.18 mmol, 1.06 equiv.)
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for 12 h, the reaction mixture was purified by column chromatography on silica gel
(dichloromethane/petroleum ether = 1/1) to yield the product S26 as a colorless solid
(745.5 mg, 68% yield).

'"H NMR (400 MHz, CDCls) : 8.36 (s, 2H), 8.07-8.04 (m, 2H), 7.74-7.70 (m, 2H),
5.78 (d, J = 15.6 Hz, 1H), 5.43 (dd, J = 15.6, 8.4 Hz, 1H), 3.27 (q, J = 7.6 Hz, 1H),
2.04-1.93 (m, 1H), 1.80-1.69 (m, 1H), 1.07-1.04 (m, 12H); *C NMR (100 MHz,
CDCl) d: 170.6, 161.5, 146.3, 135.4, 130.4, 129.6, 125.7, 124.5, 120.2, 47.9, 33.3,
29.4, 26.2, 11.4; HRMS (ESI): m/z calcd for C22H24NO4 [M+H]": 366.1700, found:
366.1697.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl

2-(methyl(phenyl)carbamoyl)butanoate (S27/28)
o o0 o o

NH EtsN (2.5 equiv. LiOH (2 equiv.
)]\/U\ ©/ aN (2.5 eq )\NJ\/[LOMe iOH (2 equiv.) \NJ\/”\OH

CH,Cl, rt, 12 h THF/H,O, rt, 1 h
(1.06 equiv. )
$27/28-1 S$27/28-2

. 0O ©°
1) LDA (2.5 equiv.) DMAP (10 mol%)
THF, -78°C, 1 h \N%OH DCC (1.1 equw)
2) Etl (1.5 equiv.) @ Q
rt, 12 h
o T @
$27/28-3 $27/28

o
(1.06 equiv.)
CHyClp, 1t, 12 h

To a stirred solution of N-methylaniline (2.14 g, 20 mmol, 1 equiv.) and EtsN (5.06 g,
50 mmol, 2.5 equiv.)) in CH2Cl2 (80 mL) was added dropwise methyl
3-chloro-3-oxopropanoate (2.9 g, 21.2 mmol, 1.06 equiv.) at 0 °C. The reaction
mixture was stirred for 12 h at room temperature and then was extracted with ethyl
acetate (3 x 50 mL). The combined organic layers were washed with saturated brine
(2 x 30 mL) and dried with over anhydrous MgSOa4. The organic solvent was removed
by rotary evaporator under vacuum and the residue was purified by flash column
chromatography on silica gel (ethyl acetate/petroleum ether = 1/2) to afford S27/28-1
(3.15 g, 76% yield).

To a stirred solution of methyl 3-(methyl(phenyl)amino)-3-oxopropanoate S27/28-1

(1.04 g, 5 mmol, 1 equiv.) in THF/H20 (1/1 mL) was added LiOH (240 mg, 10 mmol,
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2 equiv.) at room temperature. The reaction mixture was stirred for 1 h at room
temperature and then was extracted with ethyl acetate (3 x 20 mL). The combined
organic layers were washed with saturated brine (2 x 10 mL) and dried with over
anhydrous MgSO4. The organic solvent was removed by rotary evaporator under
vacuum and the residue was purified by flash column chromatography on silica gel
(ethyl acetate/dichloromethane = 1/2) to afford S27/28-2 (656.9 mg, 68% yield).

The synthetic procedure of 2-(methyl(phenyl)carbamoyl)butanoic acid S27/28-3 is the
same as that of 5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(methyl(phenyl)carbamoyl)butanoic acid
S27/28-3 (553.0 mg, 2.5 mmol, 1.0 equiv.) and
2-hydroxy-1H-benzo|[f]isoindole-1,3(2H)-dione (565.0 mg, 2.65 mmol, 1.06 equiv.)
for 12 h, the reaction mixture was purified by column chromatography on silica gel
(ethyl acetate/dichloromethane = 1/50) to yield the product S27/28 as a pale yellow
solid (739.2 mg, 71% yield).

"H NMR (400 MHz, CDCls) d: 8.35 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.51 (t,J=17.6 Hz, 2H), 7.42 (t,J = 7.4 Hz, 1H), 7.36 (d, J = 7.2 Hz, 2H), 3.61-3.58
(m, 1H), 3.39 (s, 3H), 2.22-2.13 (m, 1H), 2.10-2.01 (m, 1H), 0.98 (t, /= 7.4 Hz, 3H);
3C NMR (100 MHz, CDCl3) d: 166.3, 161.1, 142.9, 135.4, 130.4, 130.3, 129.7, 128.5,
127.7, 125.7, 124.3, 48.4, 38.0, 23.7, 11.8; HRMS (ESI): m/z calcd for C24H21N20s
[M+H]": 417.1445, found: 417.1441.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-methyl-3-phenylpropanoate
(S29)

According to General procedure 1 with 2-methyl-3-phenylpropanoic acid (328.4 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the

product S29 as a colorless solid (524.7 mg, 73% yield).
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'H NMR (400 MHz, CDCls) 6: 8.37 (s, 2H), 8.08-8.04 (m, 2H), 7.75-7.71 (m, 2H),
7.37-7.33 (m, 2H), 7.29-7.25 (m, 3H), 3.30 (dd, J = 13.6, 6.0 Hz, 1H), 3.19-3.11 (m,
1H), 2.85 (dd, J = 13.6, 8.4 Hz, 1H), 1.36 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz,
CDCL) 6: 172.0, 161.5, 138.0, 135.4, 130.4, 129.6, 129.2, 128.6, 126.7, 125.7, 124.4,
39.2, 38.9, 16.3; HRMS (ESI): m/z caled for C22HisNOs [M+H]": 360.1230, found:
360.1228.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-methyl-2-phenylbutanoate
(S30)

According to General procedure 1 with 2-methyl-2-phenylbutanoic acid (445.6 mg,
2.5 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (565.0 mg,
2.65 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S30 as a colorless solid (653.5 mg, 70% yield).

'"H NMR (400 MHz, CDCIs) d: 8.35 (s, 2H), 8.08-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.51 (d, J=7.6 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.2 Hz, 1H), 2.36-2.27
(m, 1H), 2.18-2.09 (m, 1H), 1.76 (s, 3H), 1.05 (t, J = 7.4 Hz, 3H); *C NMR (100
MHz, CDCl3) d: 172.6, 161.5, 141.9, 135.4, 130.4, 129.6, 128.6, 127.3, 126.3, 125.6,
124.5, 50.7, 32.2, 23.3, 9.0, HRMS (ESI): m/z calecd for C23H20NOs4 [M+H]":
374.1387, found: 374.1387.

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-(2-bromophenyl)propanoate
(S31)

Br 1) LDA (2.5 equiv.)

Br DMAP (10 mol%) Br o
THF, -78 °C, 1 h DCC (1.1 equiv.)
COOH COOH O\N
2)Mel (1.5 equiv.) Q )
o =0
HO-N
$31

0]
(1.06 equiv.)
CHyCly, rt, 12 h
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The synthetic procedure of 2-(2-bromophenyl)propanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(2-bromophenyl)propanoic acid (458.0 mg,
2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the
product S31 as a colorless solid (568.5 mg, 67% yield).

"H NMR (400 MHz, CDCls) ¢: 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.74-7.71 (m, 2H),
7.63 (dd, J= 8.0, 0.8 Hz, 1H), 7.52 (dd, J = 8.0, 1.6 Hz, 1H), 7.41 (td, J= 7.6, 1.2 Hz,
1H), 7.20 (td, J= 7.6, 1.6 Hz, 1H), 4.69 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 6.8 Hz, 3H);
3C NMR (100 MHz, CDCl3) §: 170.2, 161.3, 138.1, 135.4, 133.1, 130.4, 129.7, 129.3,
128.6, 128.1, 125.8, 124.3, 124.1, 42.6, 18.0; HRMS (ESI): m/z calcd for
C21H1sBrNO4 [M+H]": 424.0179, found: 424.0178.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl 2-(0-tolyl)butanoate (S32)

Me 1) LDA (2.5 equiv.) Me DMAP (10 mol%) Me o
THF,-78°C,1h DCC (1.1 equiv.)
COOH COOH O
2) Etl (1.5 equiv.) Q
o]
H
O
o

(1.06 equiv.)
CHyCly, 1t, 12 h

The synthetic procedure of 2-(o-tolyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(o-tolyl)butanoic acid (356.3 mg, 2.0
mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg,
2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S32 as a colorless solid (522.8 mg, 70% yield).

"H NMR (400 MHz, CDCls) J: 8.33 (s, 2H), 8.05-8.02 (m, 2H), 7.73-7.69 (m, 2H),
7.41 (d, J = 7.2 Hz, 1H), 7.29-7.22 (m, 3H), 4.15 (t, J = 7.4 Hz, 1H), 2.48 (s, 3H),
2.34-2.23 (m, 1H), 2.02-1.91 (m, 1H), 1.08 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz,
CDCl) 0: 170.4, 161.4, 136.2, 135.4, 135.3, 130.7, 130.4, 129.6, 127.6, 127.2, 126.6,
125.7, 124.4, 46.2, 26.5, 19.8, 12.0; HRMS (ESI): m/z caled for C23H20NO4 [M+H]":
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374.1387, found: 374.1385.

Methyl
4-(1-((1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)oxy)-1-oxobutan-2-yl)benz
oate (S33)

1) LDA (2.5 equiv.) DMAP (10 mol%) o
coon __THF.-78°C, 1h oo DCC (1.1 equiv.) 0.y
oo 2) Etl (1.5 equiv.) Q 5 Q
e0; m12h veo,c HON OO MeO,C o Q
$33

(1.06 equiv.)
CH,Clp, 1t, 12 h

The synthetic procedure of 2-(4-(methoxycarbonyl)phenyl)butanoic acid is the same
as that of 5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(4-(methoxycarbonyl)phenyl)butanoic acid
(444.5 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione
(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by
column chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to
yield the product S33 as a colorless solid (542.6 mg, 65% yield).

'"H NMR (400 MHz, CDCls) 6: 8.35 (s, 2H), 8.10-8.03 (m, 4H), 7.74-7.70 (m, 2H),
7.50 (d, J = 8.4 Hz, 2H), 3.97-3.92 (m, 4H), 2.35-2.24 (m, 1H), 2.05-1.94 (m, 1H),
1.06 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 169.6, 166.7, 161.3, 141.9,
135.4, 130.4, 130.1, 129.74, 129.69, 128.2, 125.8, 124.3, 52.1, 50.4, 27.2, 11.8;
HRMS (ESI): m/z calcd for C24H20NOs [M+H]"™: 418.1285, found: 418.1284.

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl  2-(4-methoxyphenyl)butanoate
(S34)

1) LDA (2.5 equiv.) DMAP (10 mol%) o
-78 © DCC (1.1 equiv.
coon __THF.78°C, 1h oo (1.1 equiv.) o,
oo 2) Etl (1.5 equiv.) Q S
e i 12 h MeO O
S coeaditats
s34

o
(1.06 equiv.)
CH,Cly, 1t, 12 h

The synthetic procedure of 2-(4-methoxyphenyl)butanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(4-methoxyphenyl)butanoic acid (388.5
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mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0
mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S34 as a colorless solid (584.1 mg, 75% yield).

"H NMR (400 MHz, CDCls) J: 8.34 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H),
7.35-7.32 (m, 2H), 6.95-6.91 (m, 2H), 3.86-3.82 (m, 4H), 2.30-2.19 (m, 1H),
2.01-1.90 (m, 1H), 1.05 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) 6: 170.3,
161.4, 159.2, 135.4, 130.4, 129.6, 129.1, 128.9, 125.7, 124.4, 114.2, 55.2, 49.7, 27.2,
11.9; HRMS (ESI): m/z calcd for C23H20NOs [M+H]": 390.1336, found: 390.1333.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl  2-(4-acetoxyphenyl)propanoate
(S35)
e Eestivens ;
B /©/\COOH 2)'\"9";1!'?262’““")“0 /@J\COOH ) No . m Z‘N 0¢
&V\“ S35

[0}
(1.06 equiv.)
CHxCly, 1t, 12 h

The synthetic procedure of 2-(4-acetoxyphenyl)propanoic acid is the same as that of
5-chloro-2-phenylpentanoic acid (see compound S7).

According to General procedure 1 with 2-(4-acetoxyphenyl)propanoic acid (416.4
mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0
mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column
chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the
product S35 as a colorless solid (492.1 mg, 61% yield).

"H NMR (400 MHz, CDCls) J: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.71 (m, 2H),
7.45 (d, J = 8.8 Hz, 2H), 7.14 (d, J = 8.8 Hz, 2H), 4.16 (q, J = 7.2 Hz, 1H), 2.31 (s,
3H), 1.70 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCI3) 6: 170.4, 169.3, 161.3,
150.2, 135.8, 135.4, 130.4, 129.7, 128.7, 125.7, 124.3, 122.0, 42.5, 21.1, 19.1; HRMS
(ESI): m/z caled for C23H1sNOs [M+H]": 404.1129, found: 404.1125.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
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2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoate (S36)
1) LDA (2.5 equiv.) DMAP (10 mol%) o)
THF, -78°C, 1 h DCC (1.1 equiv.)
COOH O.
Tfo/©/\ 2)Mel (1.5 equiv.) /@J\COOH 0 m N Q
t, 12 h
", TfO H ON TfO o Q
S36

e}
(1.06 equiv.)
CH.Cly, 1t, 12 h

The synthetic procedure of 2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoic
acid is the same as that of 5-chloro-2-phenylpentanoic acid (see compound S7).
According to General procedure 1 with
2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoic acid (596.5 mg, 2.0 mmol, 1.0
equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol,
1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/2) to yield the product S36 as a
colorless solid (542.8 mg, 55% yield).

'H NMR (400 MHz, CDCls) : 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.75-7.72 (m, 2H),
7.54 (d, J= 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 4.20 (q, /= 7.2 Hz, 1H), 1.71 (d, J
= 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) J: 170.0, 161.3, 149.0, 138.9, 135.4,
130.4, 129.7, 129.6, 125.8, 124.2, 121.8, 118.7 (q, J = 318.8 Hz), 42.4, 19.0; "’F NMR
(376 MHz, CDCl3) d: -72.8; HRMS (ESI): m/z caled for C22HisFsNO7S [M+H]™:
494.0516, found: 494.0516.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
2,3-dihydro-1H-indene-1-carboxylate (S37)

<

o)

)

o. N
0

According to General procedure 1 with 2,3-dihydro-1H-indene-1-carboxylic acid
(324.4 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione
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(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by
column chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to
yield the product S37 as a colorless solid (464.6 mg, 65% yield).

'"H NMR (400 MHz, CDCls) 6: 8.37 (s, 2H), 8.07-8.05 (m, 2H), 7.74-7.72 (m, 2H),
7.68-7.66 (m, 1H), 7.32-7.29 (m, 3H), 4.46 (t, J = 7.8 Hz, 1H), 3.22-3.15 (m, 1H),
3.07-2.99 (m, 1H), 2.65-2.58 (m, 2H); '*C NMR (100 MHz, CDCls) 6: 170.2, 161.5,
143.9, 138.7, 135.4, 130.4, 129.7, 128.2, 126.9, 125.8, 125.1, 124.7, 124.4,47.5, 31.7,
29.3; HRMS (ESI): m/z caled for C22H16NO4 [M+H]": 358.1074, found: 358.1072.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl
1,2,3,4-tetrahydronaphthalene-1-carboxylate (S38)

According to General procedure 1 with 1,2,3,4-tetrahydronaphthalene-1-carboxylic
acid (3524 mg, 2.0 mmol, 1.0 equiv.) and
2-hydroxy-1H-benzo|[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 1.06 equiv.)
for 12 h, the reaction mixture was purified by column chromatography on silica gel
(dichloromethane/petroleum ether = 1/1) to yield the product S38 as a colorless solid
(445.7 mg, 60% yield).

"H NMR (400 MHz, CDCls) J: 8.35 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H),
7.44-7.41 (m, 1H), 7.25-7.20 (m, 2H), 7.15-7.13 (m, 1H), 4.25 (t, J = 6.4 Hz, 1H),
2.95-2.78 (m, 2H), 2.41-2.25 (m, 2H), 2.15-2.06 (m, 1H), 1.93-1.84 (m, 1H); *C
NMR (100 MHz, CDCl3) o: 171.0, 161.5, 137.2, 135.4, 131.1, 130.4, 129.6, 129.5,
127.5, 126.2, 125.7, 124.4, 42.6, 28.9, 27.1, 20.5; HRMS (ESI): m/z caled for
C23H1sNO4 [M+H]": 372.1230, found: 372.1228.
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1-(1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl
2-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)succinate (S64)

COOH
EtO,C

F3C FsC cooH 1) LDA (2.5 equiv.)
(1. Sequlv) _ THF.-78°C.1h FsC COOH
KOH (2.8 equiv.) 2) Br COzEt \‘\‘ﬂ

Nal (3 mol%) . 5 equlv )
EtOH, 90 °C, 10 h $64-1 S64-2

EtO,C

DMAP (10 mol%)
DCC ( 1 1 equlv FSC\‘\‘A /@J\( ﬁ
HO- N

(1. 06 equiv.)
CH,Cly, 1, 12h

To a stirred solution of 2-(4-hydroxyphenyl)acetic acid (228.2 mg, 1.5 mmol, 1.5
equiv.), KOH (160 mg, 2.8 mmol, 2.8 equiv.) and Nal (4.5 mg, 0.03 mmol, 3 mol%)
in  EtOH (10 mL) was added dropwise the  solution of
3-(bromomethyl)-4'-(trifluoromethyl)-1,1'-biphenyl (315 mg, 1 mmol, 1 equiv.) in
EtOH (10 mL). The reaction mixture was stirred at 90 °C for 10 h and then the pH of
the reaction mixture was adjusted to 1~2 with 3.0 M HCI. The aqueous phase was
extracted with CH2Cl2 (3 x 10 mL). The organic solvent was removed by rotary
evaporator under vacuum and the residue was purified by flash column
chromatography (ethyl acetate/dichloromethane = 1/2) on silica gel to afford the
desired product S64-1 (355.5 mg, 92% yield).

The synthetic procedure of
2-(4-((4'-(trifluoromethyl)-[ 1,1'-biphenyl]-3-yl)methoxy)phenyl)acetic acid S64-2
(colorless oil, 84 mg, 46% yield) is the same as that of 5-chloro-2-phenylpentanoic
acid (see compound S7).

According to General procedure 1 with
4-ethoxy-4-ox0-2-(4-((4'-(trifluoromethyl)-[ 1,1'-biphenyl]-3-yl)methoxy)phenyl)buta
noic acid S64-2 (684 mg, 0.15 mmol, 1.0  equiv.) and
2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (33 mg, 0.16 mmol, 1.06 equiv.) for
12 h, the reaction mixture was purified by column chromatography on silica gel
(dichloromethane/petroleum ether = 4/1) to yield the product S64 as a colorless solid
(49.3 mg, 51% yield).

"H NMR (400 MHz, CDCls) J: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.68 (m, 7H),
7.58-7.56 (m, 1H), 7.53-7.45 (m, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz,
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2H), 5.15 (s, 2H), 4.53-4.49 (m, 1H), 4.23-4.16 (m, 2H), 3.29-3.23 (m, 1H), 2.89-2.83
(m, 1H), 1.26 (t, J= 7.0 Hz, 3H); *C NMR (100 MHz, CDCl3) §: 170.3, 169.5, 161.2,
158.6, 144.4, 140.1, 137.7, 135.4, 130.4, 129.7, 129.3, 129.2, 128.1, 127.5, 127.2,
126.9, 126.3, 125.7 (q, J = 4.6 Hz), 124.3, 122.9 (q, J = 271.3 Hz), 115.4, 69.8, 61.2,
44.2, 38.3, 14.1; 'F NMR (376 MHz, CDCI3) §: -62.4; HRMS (ESI): m/z calcd for
C3sH28F3NO7Na [M+Na]": 690.1710, found: 690.1707.

1,3-Dioxo-1,3-dihydro-2H-benzo|f]isoindol-2-yl ~ 2-cyclopropyl-2-phenylacetate
(10

According to General procedure 1 with 2-cyclopropyl-2-phenylacetic acid which
was synthesized according to reference! (529.0 mg, 3.0 mmol, 1.0 equiv.,) and
2-hydroxy-1H-benzo|[f]isoindole-1,3(2H)-dione (678.0 mg, 3.18 mmol, 1.06 equiv.)
for 12 h, the reaction mixture was purified by column chromatography on silica gel
(dichloromethane/petroleum ether = 1/1) to yield the product 1¢ as a colorless solid
(791.1 mg, 71% yield).

'"H NMR (400 MHz, CDCls) : 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.74-7.71 (m, 2H),
7.50 (d, J=7.2 Hz, 2H), 7.42 (t, J= 7.4 Hz, 2H), 7.35 (t, J=7.2 Hz, 1H), 3.33 (d, J =
9.6 Hz, 1H), 1.58-1.51 (m, 1H), 0.88-0.81 (m, 1H), 0.74-0.59 (m, 2H), 0.43-0.37 (m,
1H); 1*C NMR (100 MHz, CDCl3) &: 169.7, 161.4, 136.7, 135.4, 130.4, 129.6, 128.8,
128.0, 127.9, 125.7, 124.4, 53.3, 14.5, 4.8; HRMS (ESI): m/z calcd for C23HisNOa4
[M+H]": 372.1230, found: 372.1227.
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7. Asymmetric decarboxylative alkynylation: Scope of NHP-type esters

General procedure 2:

2 7
R OMe
o Cul (10 mol%) R?
O L1 (12 mol%) N
H  Cs,CO;5 (3.5 equiv.)
R' + _ 2V U3 q “
© o % Ph/ PhCF3, tt, blue LED R’ N oh ‘ NH PAr,
Ny A f

1

O
2a (1.5 equiv.)

L1 (Ar = 3,5-Bu,CgHs)

Cul (3.8 mg, 0.02 mmol, 10 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3
(228.1 mg, 0.70 mmol, 3.5 equiv.), N-hydroxyphthalimide esters 1 (0.20 mmol, 1.0
equiv.) and anhydrous PhCF3 (4.0 mL) were sequentially added to an oven-dried
Schlenk tube equipped with a magnetic stir bar under argon atmosphere. Then,
ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) was added to the mixture. The
reaction mixture was stirred under the irradiation of a 24 W blue LED for 3 to 4 d at
room temperature. After the completion of reaction, the reaction mixture was filtered
and the precipitate was washed by EtOAc. The filtrate was removed by rotary
evaporator under vacuum and the residue was purified by flash column
chromatography on silica gel to afford the alkynylation product.
(R)-But-1-yne-1,3-diyldibenzene (3)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpropanoate lah (69.1 mg,
0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3
d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 3 as a colorless oil (27.6 mg, 67% yield, 93%
ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 97/3, flow rate 0.8 mL/min, A = 254
nm), fr (minor) = 11.49 min, fr (major) = 17.02 min.

'H NMR (400 MHz, CDCl3) 6: 7.46-7.43 (m, 4H), 7.36-7.32 (m, 2H), 7.30-7.22 (m,
4H), 3.98 (q, J = 7.2 Hz, 1H), 1.58 (d, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl;)
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o: 143.3, 131.6, 128.5, 128.2, 127.7, 126.9, 126.6, 123.7, 92.6, 82.4, 32.5, 24.5. The

NMR spectra were in accord with that reported in literature.]

1,4-Diphenylbuta-1,3-diyne (3")

=
=

Colorless solid. 'H NMR (400 MHz, CDCl3) d: 7.54-7.52 (m, 4H), 7.40-7.32 (m, 6H);
BC NMR (100 MHz, CDCls) 6: 132.5, 129.2, 128.4, 121.8, 81.5, 73.9. The NMR

spectra were in accord with that reported in literature.%!

Butane-2,3-diyldibenzene (3'')
Colorless solid. 'H NMR (400 MHz, CDCls) §: 7.32-7.29 (m, 2H), 7.21 (d, J = 7.2 Hz,
3H), 7.17-7.14 (m, 2H), 7.10-7.06 (m, 1H), 7.01-6.99 (m, 2H), 2.96-2.91 (m, 1H),

2.81-2.78 (m, 1H), 1.27 (d, J = 6.8 Hz, 3H), 1.02 (d, J = 6.0 Hz, 3H). The NMR

spectra were in accord with that reported in literature.l”)

(R)-Pent-1-yne-1,3-diyldibenzene (4)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20
mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 d, the
reaction mixture was purified by column chromatography on silica gel (petroleum
ether) to yield the product 4 as a colorless oil (33.9 mg, 77% yield, 97% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, A =
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254 nm), fr (minor) = 11.58 min, tr (major) = 17.07 min.

'"H NMR (400 MHz, CDCl3) 6: 7.46-7.41 (m, 4H), 7.35-7.22 (m, 6H), 3.79 (t, J= 7.0
Hz, 1H), 1.90-1.82 (m, 2H), 1.06 (t, J = 7.2 Hz, 3H); 1*C NMR (100 MHz, CDCI;) ¢:
142.0, 131.6, 128.4, 128.2, 127.7, 127.5, 126.6, 123.8, 91.4, 83.4, 39.9, 31.7, 11.8.

The NMR spectra were in accord with that reported in literature.!

(R)-(4-Methylpent-1-yne-1,3-diyl)dibenzene (5)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 3-methyl-2-phenylbutanoate S5 (74.7
mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.)
for 3.5 d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 5 as a colorless oil (29.1 mg, 62% yield, 99%
ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 8.39 min, #g (major) = 9.02 min.

'H NMR (400 MHz, CDCls) §: 7.47-7.45 (m, 2H), 7.40 (d, J = 7.2 Hz, 2H), 7.34-7.22
(m, 6H), 3.73 (d, /= 6.0 Hz, 1H), 2.09-2.01 (m, 1H), 1.04 (d, /= 6.4 Hz, 3H), 0.99 (d,
J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCI3) 6: 141.0, 131.6, 128.19, 128.16, 127.7,
126.6, 123.9, 90.2, 84.2, 45.7, 35.2, 21.3, 18.7. The NMR spectra were in accord with

that reported in literature.!

(R)-(3-Cyclohexylprop-1-yne-1,3-diyl)dibenzene (6)

According to General procedure 2 with
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1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-cyclohexyl-2-phenylacetate  S6
(82.7 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3.5 d, the reaction mixture was purified by column chromatography on
silica gel (petroleum ether) to yield the product 6 as a colorless oil (35.7 mg, 65%
yield, 99% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 9.88 min, fr (major) = 11.73 min.

"H NMR (400 MHz, CDCls) 6: 7.46-7.44 (m, 2H), 7.38 (d, J = 7.2 Hz, 2H), 7.34-7.22
(m, 6H), 3.69 (d, J= 6.4 Hz, 1H), 1.88-1.86 (m, 1H), 1.73-1.65 (m, 5H), 1.21-1.14 (m,
5H); 1*C NMR (100 MHz, CDCls) 6: 140.8, 131.6, 128.3,128.2, 128.1, 127.6, 126.5,
124.0, 90.8, 84.0, 45.1, 44.6, 31.7, 29.5, 26.4, 26.3, 26.2. The NMR spectra were in

accord with that reported in literature.*!

(R)-(6-Chlorohex-1-yne-1,3-diyl)dibenzene (7)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 5-chloro-2-phenylpentanoate ~ S7
(81.6 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 7 as a colorless oil (33.3 mg, 62% yield,
96% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, A = 254
nm), R (major) = 15.48 min, fr (minor) = 20.72 min.

"H NMR (400 MHz, CDCls) J: 7.46-7.42 (m, 4H), 7.37-7.24 (m, 6H), 3.89 (s, 1H),
3.58 (s, 2H), 2.03-1.96 (m, 4H); 1*C NMR (100 MHz, CDCIs) J: 141.5, 131.6, 128.6,
128.2, 127.9, 127.4, 126.9, 123.5, 90.6, 83.8, 44.7, 37.7, 35.7, 30.3; HRMS (ESI): m/z
calcd for C1sHisCl [M+H]": 269.1092, found: 269.1091.
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Ethyl (R)-3,5-diphenylpent-4-ynoate (8)
CO,Et

According to General procedure 2 with
1-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl 2-phenylsuccinate S8
(83.5 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (dichloromethane/petroleum ether = 1/2) to yield the product 8 as a colorless oil
(17.8 mg, 32% yield, 93% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A =
240 nm), fr (major) = 8.01 min, #z (minor) = 12.96 min.

"H NMR (400 MHz, CDCl3) 6: 7.47-7.41 (m, 4H), 7.35 (t, J = 7.6 Hz, 2H), 7.29-7.25
(m, 4H), 4.38 (t, /= 7.6 Hz, 1H), 4.18-4.13 (m, 2H), 2.90 (dd, J = 15.2, 8.4 Hz, 1H),
2.80 (dd, J=15.2, 7.2 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCI;)
0: 170.9, 140.5, 131.7, 128.7, 128.2, 128.0, 127.5, 127.2, 123.3, 89.8, 83.5, 60.7, 43.4,

34.8, 14.2. The NMR spectra were in accord with that reported in literature.!

(R)-Hepta-1,5-diyne-1,3-diyldibenzene (9)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylhex-4-ynoate S9 (76.7 mg,
0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3
d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 9 as a colorless oil (24.9 mg, 51% yield, 90%

ee).
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HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, A =
254 nm), fr (major) = 6.53 min, fr (minor) = 7.43 min.

'"H NMR (400 MHz, CDCl3) 6: 7.47-7.46 (m, 4H), 7.35 (t, J = 7.4 Hz, 2H), 7.30-7.25
(m, 4H), 4.01 (t, J = 7.0 Hz, 1H), 2.75-2.61 (m, 2H), 1.78 (s, 3H); '3C NMR (100
MHz, CDCl3) o: 140.7, 131.7, 128.4, 128.2, 127.9, 127.6, 127.1, 123.5, 90.5, 83.6,
77.9, 76.3, 38.4, 28.8, 3.5; HRMS (ESI): m/z caled for CioHi7 [M+H]": 245.1325,
found: 245.1323.

(R)-Hex-5-en-1-yne-1,3-diyldibenzene (10)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpent-4-enoate S10 (74.3 mg,
0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3
d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 10 as a colorless oil (24.6 mg, 53% yield, 96%
ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 7.16 min, fr (major) = 7.89 min.

'"H NMR (400 MHz, CDCl3) 6: 7.45-7.42 (m, 4H), 7.34 (t, J = 7.4 Hz, 2H), 7.30-7.23
(m, 4H), 5.97-5.87 (m, 1H), 5.13-5.06 (m, 2H), 3.92 (t, J = 7.0 Hz, 1H), 2.59 (t, J =
7.0 Hz, 2H); *C NMR (100 MHz, CDCl3) 6: 141.4, 135.4, 131.6, 128.5, 128.2, 127.8,
127.6, 126.8, 123.7, 117.1, 90.9, 83.8, 42.8, 38.5. The NMR spectra were in accord

with that reported in literature.”!

(R)-1-Chloro-4-(1-phenylpent-1-yn-3-yl)benzene (11)
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According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-(4-chlorophenyl)butanoate  S11
(78.8 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 11 as a colorless oil (32.6 mg, 64% yield,
96% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
230 nm), fr (minor) = 7.79 min, fr (major) = 11.23 min.

'"H NMR (400 MHz, CDCls) 6: 7.47-7.43 (m, 2H), 7.37-7.35 (m, 2H), 7.32-7.29 (m,
5H), 3.78 (t, J = 6.8 Hz, 1H), 1.91-1.80 (m, 2H), 1.05 (t, J = 7.2 Hz, 3H); *C NMR
(100 MHz, CDCl3) o: 140.5, 132.4, 131.6, 128.9, 128.5, 128.2, 127.9, 123.6, 90.8,
83.7,39.4, 31.5, 11.7; HRMS (ESI): m/z calcd for C17H16Cl [M+H]": 255.0935, found:
255.0935.

(R)-1-Chloro-3-(1-phenylpent-1-yn-3-yl)benzene (12)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-(3-chlorophenyl)butanoate ~ S12
(78.8 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 12 as a colorless oil (33.1 mg, 65% yield,
95% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =

254 nm), fr (minor) = 8.10 min, fr (major) = 9.62 min.
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'H NMR (400 MHz, CDCl3) §: 7.46-7.41 (m, 3H), 7.31-7.28 (m, 4H), 7.26-7.20 (m,
2H), 3.77 (t, J = 7.0 Hz, 1H), 1.91-1.80 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H); 3C NMR
(100 MHz, CDCls) §: 144.0, 134.2, 131.7, 129.6, 128.2, 127.9, 127.7, 126.9, 125.8,
123.5, 90.5, 83.8, 39.6, 31.5, 11.7; HRMS (ESI): m/z caled for C17HisCl [M+H]":
255.0935, found: 255.0933.

(S)-1-Chloro-2-(1-phenylpent-1-yn-3-yl)benzene (13)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-(2-chlorophenyl)butanoate  S13
(78.8 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 13 as a colorless oil (31.1 mg, 61% yield,
98% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (major) = 14.63 min, fr (minor) = 17.31 min.

'H NMR (400 MHz, CDCl3) é: 7.70 (dd, J = 7.6, 1.6 Hz, 1H), 7.47-7.44 (m, 2H),
7.36-7.25 (m, 5SH), 7.18 (td, J = 7.6, 1.6 Hz, 1H), 4.33-4.29 (m, 1H), 1.97-1.87 (m,
1H), 1.82-1.71 (m, 1H), 1.10 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) 6:
139.5, 132.8, 131.7, 129.5, 129.4, 128.2, 127.9, 127.8, 127.0, 123.6, 90.7, 83.4, 36.7,
29.8, 11.8; HRMS (ESI): m/z calcd for C17H16Cl [M+H]": 255.0935, found: 255.0933.

(R)-1-Bromo-4-(1-phenylpent-1-yn-3-yl)benzene (14)

According to General procedure 2 with

S56



1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl =~ 2-(4-bromophenyl)butanoate S14
(87.7 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 14 as a colorless oil (37.7 mg, 63% yield,
96% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 8.71 min, tr (major) = 13.70 min.

"H NMR (400 MHz, CDCI3) 6: 7.49-7.43 (m, 4H), 7.34-7.28 (m, 5H), 3.76 (t, J = 7.0
Hz, 1H), 1.91-1.80 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); 1*C NMR (100 MHz, CDCI;) ¢:
141.0, 131.6, 131.5, 129.3, 128.2, 127.9, 123.5, 120.4, 90.7, 83.7, 39.4, 31.5, 11.7.

The NMR spectra were in accord with that reported in literature.!

(R)-1-Methyl-4-(1-phenylpent-1-yn-3-yl)benzene (15)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(p-tolyl)butanoate S15 (74.7 mg,
0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3
d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 15 as a colorless oil (38.0 mg, 81% yield, 94%
ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 6.69 min, fr (major) = 8.58 min.

'H NMR (400 MHz, CDCl3) J: 7.48-7.45 (m, 2H), 7.34-7.28 (m, 5H), 7.17 (d, J = 8.0
Hz, 2H), 3.77 (t, J = 7.0 Hz, 1H), 2.36 (s, 3H), 1.93-1.82 (m, 2H), 1.08 (t, /= 7.2 Hz,
3H); *C NMR (100 MHz, CDCls) d: 139.0, 136.2, 131.6, 129.1, 128.2, 127.6, 127.4,
123.9, 91.7, 83.2, 39.6, 31.7, 21.0, 11.8. The NMR spectra were in accord with that

reported in literature.!
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(R)-1-Methoxy-3-(1-phenylpent-1-yn-3-yl)benzene (16)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(3-methoxyphenyl)butanoate S16
(77.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 16 as a colorless oil (35.0 mg, 70% yield,
96% ee).

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A = 254
nm), fr (minor) = 10.55 min, fr (major) = 11.78 min.

'H NMR (400 MHz, CDCl3) J: 7.45-7.43 (m, 2H), 7.30-7.23 (m, 4H), 7.00 (d, J = 6.8
Hz, 2H), 6.80-6.77 (m, 1H), 3.81 (s, 3H), 3.76 (t, /= 6.8 Hz, 1H), 1.92-1.81 (m, 2H),
1.06 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCI3) J: 159.7, 143.6, 131.6, 129.3,
128.2, 127.7, 123.8, 120.0, 113.5, 111.9, 91.3, 83.4, 55.2, 40.0, 31.5, 11.8. The NMR

spectra were in accord with that reported in literature.*!

(R)-2-(1-Phenylpent-1-yn-3-yl)naphthalene (17)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-(naphthalen-2-yl)butanoate ~S17
(81.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3.5 d, the reaction mixture was purified by column chromatography on
silica gel (petroleum ether) to yield the product 17 as a colorless oil (32.4 mg, 60%
yield, 95% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, A =
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254 nm), fr (minor) = 11.11 min, r (major) = 12.40 min.

"H NMR (400 MHz, CDCls) 6: 7.89-7.84 (m, 4H), 7.58-7.45 (m, 5H), 7.36-7.31 (m,
3H), 3.98 (t, J = 7.0 Hz, 1H), 2.04-1.93 (m, 2H), 1.11 (t, J = 7.4 Hz, 3H); 1*C NMR
(100 MHz, CDClIs) o: 139.4, 133.5, 132.5, 131.7, 128.2, 128.1, 127.8, 127.7, 127.6,
126.0, 125.97, 125.5, 123.8, 91.4, 83.6, 40.1, 31.4, 11.9. HRMS (ESI): m/z calcd for
C21Hio [M+H]": 271.1481, found: 271.1478.

(R)-1-Isobutyl-4-(4-phenylbut-3-yn-2-yl)benzene (18)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl 2-(4-isobutylphenyl)propanoate S18
(80.3 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 18 as a colorless oil (36.2 mg, 69% yield,
91% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 8.05 min, tr (major) = 10.63 min.

"H NMR (400 MHz, CDCls) 6: 7.47-7.45 (m, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.33-7.29
(m, 3H), 7.13 (d, J = 7.6 Hz, 2H), 3.98 (q, J = 7.1 Hz, 1H), 2.48 (d, J = 7.2 Hz, 2H),
1.93-1.83 (m, 1H), 1.59 (d, J = 7.2 Hz, 3H), 0.93 (d, J = 6.8 Hz, 6H); '3C NMR (100
MHz, CDCl3) J: 140.5, 140.0, 131.6, 129.3, 128.2, 127.7, 126.6, 123.8, 92.9, 82.2,
45.0, 32.1, 30.2, 24.5, 22.4; HRMS (ESI): m/z caled for C20H23 [M+H]": 263.1794,
found: 263.1792.

(R)-2-Fluoro-4-(4-phenylbut-3-yn-2-yl)-1,1'-biphenyl (19)
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According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl
2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate S19 (87.9 mg, 0.20 mmol, 1.0 equiv.) and
ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 equiv.) for 3 d, the reaction mixture was
purified by column chromatography on silica gel (petroleum ether) to yield the
product 19 as a colorless oil (30.6 mg, 51% yield, 90% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 95/5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 6.85 min, fr (major) = 7.42 min.

"H NMR (400 MHz, CDCls) 6: 7.55 (d, J = 7.6 Hz, 2H), 7.48-7.41 (m, 5H), 7.39-7.27
(m, 6H), 4.02 (q, J = 7.1 Hz, 1H), 1.62 (d, J = 7.2 Hz, 3H); '*C NMR (100 MHz,
CDCl) o: 159.7 (d, J = 246.5 Hz), 144.8 (d, J = 7.5 Hz), 135.7, 131.6, 130.8 (d, J =
3.9 Hz), 129.0 (d, J=2.7 Hz), 128.4, 128.2, 127.9, 127.6, 123.4, 122.9 (d, J = 3.1 Hz),
114.8, 114.6, 91.7, 82.9, 32.0, 24.2; 'F NMR (376 MHz, CDCls) é: -117.8; HRMS
(ESI): m/z caled for C22HisF [M+H]": 301.1387, found: 301.1385.

(R)-7-(4-Phenylbut-3-yn-2-yl)-5H-chromeno[2,3-b]pyridine (20)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl
2-(5H-chromeno[2,3-b]pyridin-7-yl)propanoate S20 (90.1 mg, 0.20 mmol, 1.0 equiv.)
and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 equiv.) for 3 d, the reaction mixture
was purified by column chromatography on silica gel (dichloromethane/petroleum
ether = 4/1) to yield the product 20 as a colorless oil (39.2 mg, 63% yield, 98% ee).
HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =
254 nm), fr (minor) = 7.13 min, fr (major) = 8.24 min.

'H NMR (400 MHz, CDCl3) J: 8.16 (d, J = 4.0 Hz, 1H), 7.53 (d, J = 7.2 Hz, 1H),
7.46-7.43 (m, 2H), 7.31-7.27 (m, 4H), 7.25 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H),
7.03-7.00 (m, 1H), 4.11 (s, 2H), 3.95 (q, J= 7.2 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H); *C
NMR (100 MHz, CDCl3) o: 158.4, 150.3, 146.6, 138.7, 138.4, 131.6, 128.2, 127.8,
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126.8, 126.6, 123.6, 119.7, 119.4, 117.2, 115.4, 92.4, 82.5, 31.8, 28.2, 24.5; HRMS
(ESI): m/z caled for C22H1sNO [M+H]"™: 312.1383, found: 312.1381.

(R)-2-(4-Phenylbut-3-yn-2-yl)dibenzo[b,f|thiepin-10(11H)-one (21)

S\\
O

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl

2-(10-0x0-10,11-dihydrodibenzo[b f]thiepin-2-yl)propanoate S21 (98.7 mg, 0.20
mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 equiv.) for 3 d, the
reaction mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/50) to yield the product 21 as a colorless oil (28.4 mg,
40% yield, 88% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, A =
240 nm), fr (major) = 16.74 min, tr (minor) = 19.45 min.

"H NMR (400 MHz, CDCl:) J: 8.21 (d, J = 8.0 Hz, 1H), 7.63-7.60 (m, 2H), 7.52 (s,
1H), 7.44-7.41 (m, 3H), 7.33-7.29 (m, 5H), 4.43-4.35 (m, 2H), 3.98 (q, J = 7.2 Hz,
1H), 1.56 (d, J = 7.2 Hz, 3H); '3C NMR (100 MHz, CDCIl3) 6: 191.5, 145.6, 140.4,
137.8, 136.2, 132.7, 132.5, 131.6, 131.5, 131.45, 130.8, 128.2, 128.0, 127.9, 126.8,
125.9, 123.4, 91.7, 82.9, 51.1, 32.2, 24.3; HRMS (ESI): m/z caled for C24H190S
[M+H]": 355.1151, found: 355.1149.

(8R,95,13S,14S5)-13-Methyl-3-((R)-4-phenylbut-3-yn-2-y1)-6,7,8,9,11,12,13,14,15,1
6-decahydro-17H-cyclopenta| a]phenanthren-17-one (22)
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According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl
(5)-2-((8R,9S8,135,145)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-
cyclopenta[ a]phenanthren-3-yl)propanoate S22 (78.2 mg, 0.15 mmol, 1.0 equiv.),
ethynylbenzene 2a (23.0 mg, 0.225 mmol, 1.5 equiv.), Cul (5.7 mg, 0.03 mmol, 20
mol%) and L1 (30.1 mg, 0.036 mmol, 24 mol%) for 3 d, the reaction mixture was
purified by column chromatography on silica gel (ethyl acetate/petroleum ether = 1/2)
to yield the product 22 as a colorless oil (24.7 mg, 43% yield, dr > 20:1). The
diastereomeric ratio was determined by crude 'H NMR spectroscopy.

'"H NMR (400 MHz, CDCls) §: 7.44-7.42 (m, 2H), 7.30-7.22 (m, 6H), 7.18 (s, 1H),
3.92 (q, J = 7.1 Hz, 1H), 2.95-2.92 (m, 2H), 2.54-2.41 (m, 2H), 2.32-2.27 (m, 1H),
2.17-1.94 (m, 4H), 1.66-1.45 (m, 9H), 0.91 (s, 3H); '*C NMR (100 MHz, CDCl3) ¢:
220.9, 140.8, 138.1, 136.6, 131.6, 128.2, 127.7, 127.5, 125.6, 124.4, 123.8, 92.8, 82.1,
50.5, 48.0, 44.3, 38.1, 35.8, 32.0, 31.6, 29.5, 26.5, 25.7, 24.4, 21.6, 13.8. The NMR

spectra were in accord with that reported in literature.”!

(S)-2-Chloro-5-(1-phenylpent-1-yn-3-yl)pyridine (23)

X
| N
b
Cl N
According to General procedure 2 with

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl ~ 2-(6-chloropyridin-3-yl)butanoate
S23 (79.0 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol,
1.5 equiv.) for 3 d, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 23 as a
colorless oil (29.7 mg, 58% yield, 96% ee).

HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A = 240
nm), R (minor) = 9.53 min, fr (major) = 12.47 min.

"H NMR (400 MHz, CDCl3) 6: 8.41 (d, J= 2.4 Hz, 1H), 7.74 (dd, J = 8.4, 2.8 Hz, 1H),
7.45-7.41 (m, 2H), 7.32-7.30 (m, 4H), 3.82 (t, J = 7.0 Hz, 1H), 1.90-1.82 (m, 2H),

1.07 (t, J = 7.4 Hz, 3H); '*C NMR (100 MHz, CDCls) J: 149.8, 148.9, 138.0, 136.5,
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131.6, 128.3, 128.1, 124.0, 123.1, 89.3, 84.3, 36.8, 31.3, 11.6; HRMS (ESI): m/z calcd
for C16HisCIN [M+H]": 256.0888, found: 256.0886.

(S)-3-(1-Phenylpent-1-yn-3-yl)benzofuran (24)

(0
o)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl  2-(benzofuran-3-yl)butanoate S24
(79.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 24 as a colorless oil (35.4 mg, 68% yield,
97% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 10.86 min, fr (major) = 12.59 min.

'H NMR (400 MHz, CDCls) d: 7.73 (d, J = 7.2 Hz, 1H), 7.61 (s, 1H), 7.50-7.43 (m,
3H), 7.32-7.23 (m, 5H), 4.00 (t, J = 6.8 Hz, 1H), 2.10-1.92 (m, 2H), 1.12 (t, J= 7.4
Hz, 3H); *C NMR (100 MHz, CDCls) J: 155.7, 141.8, 131.6, 128.2, 127.9, 126.7,
124.2,123.5, 122.4, 120.8 120.1, 111.6, 90.0, 82.5, 30.0, 28.6, 11.7; HRMS (ESI): m/z
caled for C1oH170 [M+H]*: 261.1274, found: 261.1272.

(S)-3-(1-Phenylpent-1-yn-3-yl)benzo[b]thiophene (25)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(benzo[b]thiophen-3-yl)butanoate
S25 (83.1 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol,
1.5 equiv.) for 3 d, the reaction mixture was purified by column chromatography on

silica gel (petroleum ether) to yield the product 25 as a colorless oil (35.9 mg, 65%
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yield, 97% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, A = 254
nm), fr (minor) = 18.24 min, fr (major) = 20.50 min.

'"H NMR (400 MHz, CDCI3) 6: 7.92-7.86 (m, 2H), 7.44-7.24 (m, 8H), 4.19 (t, J = 6.6
Hz, 1H), 2.12-1.92 (m, 2H), 1.13 (td, J = 7.2, 1.2 Hz, 3H); *C NMR (100 MHz,
CDCl3) 0: 140.9, 137.5, 136.0, 131.6, 128.2, 127.8, 124.2, 123.9, 123.6, 123.0, 122.7,
121.9, 90.5, 83.0, 34.1, 28.9, 11.9; HRMS (ESI): m/z caled for CioH17S [M+H]"
277.1045, found: 277.1046.

(R,E)-(3-Ethyl-6,6-dimethylhept-4-en-1-yn-1-yl)benzene (26)

=

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl

(E)-2-ethyl-5,5-dimethylhex-3-enoate S26 (36.5 mg, 0.10 mmol, 1.0 equiv.),
ethynylbenzene 2a (15.3 mg, 0.15 mmol, 1.5 equiv.), Cul (3.8 mg, 0.02 mmol, 20
mol%) and L1 (20.1 mg, 0.024 mmol, 24 mol%) in Et2O (2 mL) for 3 d, the reaction
mixture was purified by column chromatography on silica gel (petroleum ether) to
yield the product 26 as a colorless oil (9.5 mg, 42% yield, 77% ee).

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 100/0, flow rate 0.5 mL/min, A =
254 nm), fr (minor) = 10.90 min, #r (major) = 12.01 min.

'"H NMR (400 MHz, CDCI3) §: 7.43-7.42 (m, 2H), 7.31-7.26 (m, 3H), 5.73 (d, J =
15.6 Hz, 1H), 5.32 (dd, J = 15.6, 6.8 Hz, 1H), 3.14 (q, J = 6.7 Hz, 1H), 1.66-1.60 (m,
2H), 1.04-1.00 (m, 12H); 3C NMR (100 MHz, CDCI3) 6: 142.4, 131.6, 128.1, 127.5,
124.3, 124.1, 91.7, 83.0, 36.6, 32.8, 29.7, 29.2, 11.4; HRMS (ESI): m/z calcd for
Ci17H23 [M+H]": 227.1794, found: 227.1796.

(S)-2-Ethyl-4-(3-methoxyphenyl)-N-methyl-N-phenylbut-3-ynamide (27)
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According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl
2-(methyl(phenyl)carbamoyl)butanoate S27/28 (41.6 mg, 0.10 mmol, 1.0 equiv.),
1-ethynyl-3-methoxybenzene 2b (19.8 mg, 0.15 mmol, 1.5 equiv.), Cul (2.9 mg, 0.015
mmol, 15 mol%) and L1 (15.1 mg, 0.018 mmol, 18 mol%) for 3 d, the reaction
mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1:10) to yield the product 27 as a colorless oil (11.4 mg,
37% yield, 70% ee).

HPLC analysis: Chiralcel IG (hexane/i-PrOH = 95/5, flow rate 0.9 mL/min, A = 254
nm), R (major) = 39.44 min, fr (minor) = 46.02 min.

"H NMR (400 MHz, CDCls) d: 7.45 (t, J = 7.4 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.31
(d, J=7.6 Hz, 2H), 7.18 (t, J = 8.0 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H),
6.84 (dd, J = 8.4, 2.4 Hz, 1H), 3.79 (s, 3H), 3.32-3.26 (m, 4H), 1.95-1.78 (m, 2H),
0.93 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) 6: 170.1, 159.2, 143.5, 129.8,
129.1, 128.0, 127.5, 124.4, 124.3, 116.5, 114.5, 87.6, 82.3, 55.3, 37.9, 37.8, 26.1, 11.9;
HRMS (ESI): m/z calcd for C20H22NO2 [M+H]": 308.1645, found: 308.1641.

(S)-2-Ethyl-N-methyl-N-phenyl-4-(thiophen-3-yl)but-3-ynamide (28)

O

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl

2-(methyl(phenyl)carbamoyl)butanoate S27/28 (41.6 mg, 0.10 mmol, 1.0 equiv.),
3-ethynylthiophene 2¢ (16.2 mg, 0.15 mmol, 1.5 equiv.), Cul (2.9 mg, 0.015 mmol, 15
mol%) and L1 (15.1 mg, 0.018 mmol, 18 mol%) for 3 d, the reaction mixture was

purified by column chromatography on silica gel (ethyl acetate/petroleum ether = 1:10)
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to yield the product 28 as a colorless oil (8.8 mg, 31% yield, 76% ee).

HPLC analysis: Chiralcel IG (hexane/i-PrOH = 97/3, flow rate 0.9 mL/min, A = 240
nm), fr (minor) = 43.68 min, fr (major) = 48.32 min.

'"H NMR (400 MHz, CDCI3) 6: 7.45 (t, J = 7.4 Hz, 2H), 7.39-7.37 (m, 2H), 7.30 (d, J
= 7.6 Hz, 2H), 7.23-7.21 (m, 1H), 7.06 (d, J = 5.2 Hz, 1H), 3.32-3.26 (m, 4H),
1.93-1.77 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) 6: 170.1,
143.6, 130.0, 129.8, 128.3, 128.0, 127.5, 124.9, 122.3, 87.3, 77.5, 37.9, 37.8, 26.1,
11.9; HRMS (ESI): m/z calcd for C17Hi1sNOS [M+H]": 284.1104, found: 284.1101.

(R)-(3-Methylbut-1-yne-1,4-diyl)dibenzene (29)

According to General procedure 2 with

A

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-methyl-3-phenylpropanoate S29
(71.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 29 as a colorless oil (22.5 mg, 51% yield,
<5% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 11.18 min, fr (major) = 11.95 min.

'H NMR (400 MHz, CDCl3) 6: 7.36-7.20 (m, 10H), 2.95-2.87 (m, 2H), 2.81-2.74 (m,
1H), 1.26 (d, J = 6.8 Hz, 3H); 1*C NMR (100 MHz, CDCls) 6: 139.6, 131.5, 129.3,
128.1, 127.5, 126.3, 123.9, 94.1, 81.6, 43.2, 28.6, 20.6. The NMR spectra were in

accord with that reported in literature.[®!

(S)-1-Bromo-2-(4-phenylbut-3-yn-2-yl)benzene (31)

According to General procedure 2 with
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1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(2-bromophenyl)propanoate S31
(84.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 4 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 31 as a colorless oil (29.7 mg, 52% yield,
97% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
240 nm), fr (major) = 8.66 min, fr (minor) = 9.32 min.

"H NMR (400 MHz, CDCls) &: 7.76 (dd, J = 7.6, 1.6 Hz, 1H), 7.55 (dd, J = 8.0, 1.2
Hz, 1H), 7.47-7.44 (m, 2H), 7.36-7.29 (m, 4H), 7.12 (td, J= 7.6, 1.6 Hz, 1H), 4.43 (q,
J = 6.9 Hz, 1H), 1.56 (d, J = 6.8 Hz, 3H); '3*C NMR (100 MHz, CDCI3) ¢: 142.4,
132.8, 131.6, 128.8, 128.3, 128.2, 127.9, 127.9, 123.5, 123.0, 91.9, 82.5, 32.4, 23.1.

The NMR spectra were in accord with that reported in literature.!

(S)-1-Methyl-2-(1-phenylpent-1-yn-3-yl)benzene (32)

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(o-tolyl)butanoate S32 (74.7 mg,
0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 4
d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 32 as a colorless oil (30.5 mg, 65% yield, 96%
ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (major) = 8.12 min, fr (minor) = §.74 min.

"H NMR (400 MHz, CDCls) 6: 7.58 (d, J = 7.2 Hz, 1H), 7.46-7.43 (m, 2H), 7.32-7.28
(m, 3H), 7.24-7.20 (m, 1H), 7.16-7.15 (m, 2H), 3.99-3.96 (m, 1H), 2.40 (s, 3H),
1.89-1.77 (m, 2H), 1.12 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) &: 140.2,
134.9, 131.6, 130.4, 128.2, 127.6, 126.6, 126.2, 123.9, 91.9, 82.7, 36.5, 30.1, 19.2,

12.2. The NMR spectra were in accord with that reported in literature.”!
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Methyl (R)-4-(1-phenylpent-1-yn-3-yl)benzoate (33)

MeO,C

According to General procedure 2 with methyl
4-(1-((1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl)oxy)-1-oxobutan-2-yl)benzoat
e S33 (83.5 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol,
1.5 equiv.) for 3 d, the reaction mixture was purified by column chromatography on
silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 33 as a
colorless oil (26.2 mg, 47% yield, 87% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A =
240 nm), fr (minor) = 7.64 min, fr (major) = 9.22 min.

'"H NMR (400 MHz, CDCl3) §: 8.01 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H),
7.47-7.43 (m, 2H), 7.34-7.29 (m, 3H), 3.92 (s, 3H), 3.85 (t, /= 7.0 Hz, 1H), 1.93-1.82
(m, 2H), 1.05 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) J: 167.0, 147.3, 131.6,
129.8, 128.6, 128.2, 127.9, 127.6, 123.5, 90.4, 83.9, 52.0, 39.9, 31.4, 11.7; HRMS
(ESI): m/z caled for C1oH1902 [M+H]*: 279.1380, found: 279.1380.

(R)-1-Methoxy-4-(1-phenylpent-1-yn-3-yl)benzene (34)

MeO

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-methoxyphenyl)butanoate S34
(77.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 4 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 34 as a colorless oil (35.5 mg, 71% yield,
88% ee).

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A = 254
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nm), & (minor) = 11.02 min, fr (major) = 12.23 min.

'"H NMR (400 MHz, CDCls) 6: 7.45-7.43 (m, 2H), 7.35-7.27 (m, 5H), 6.89-6.86 (m,
2H), 3.80 (s, 3H), 3.74 (t,J= 7.0 Hz, 1H), 1.87-1.79 (m, 2H), 1.04 (t, /= 7.2 Hz, 3H);
3C NMR (100 MHz, CDCl3) 6: 158.3, 134.1, 131.6, 128.5, 128.2, 127.6, 123.9, 113.8,
91.81, 83.2, 55.3, 39.1, 31.7, 11.8; HRMS (ESI): m/z calcd for CisHi9O [M+H]"
251.1430, found: 251.1429.

(R)-4-(4-Phenylbut-3-yn-2-yl)phenyl acetate (35)

AcO

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-acetoxyphenyl)propanoate S35
(80.7 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (dichloromethane/petroleum ether = 1/2) to yield the product 35 as a colorless oil
(18.5 mg, 35% yield, 93% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 9.43 min, tr (major) = 10.12 min.

"H NMR (400 MHz, CDCls) 6: 7.47-7.41 (m, 4H), 7.31-7.27 (m, 3H), 7.07-7.04 (m,
2H), 3.98 (q, J = 7.1 Hz, 1H), 2.30 (s, 3H), 1.57 (d, J = 7.2 Hz, 3H); '3C NMR (100
MHz, CDCls) o0: 169.6, 149.3, 140.8, 131.6, 128.2, 128.0, 127.8, 123.6, 121.5, 92.3,
82.6, 32.0, 24.4, 21.1; HRMS (ESI): m/z calcd for CisHisNaO2 [M+Na]*: 287.1043,
found: 287.1041.

(R)-4-(4-Phenylbut-3-yn-2-yl)phenyl trifluoromethanesulfonate (36)

According to General procedure 2 with
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1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl
2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoate S36 (98.7 mg, 0.20 mmol, 1.0
equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 d, the reaction
mixture was purified by column chromatography on silica gel (petroleum ether) to
yield the product 36 as a colorless oil (21.3 mg, 30% yield, 93% ee).

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 38.88 min, fr (major) = 46.45 min.

"H NMR (400 MHz, CDCls) 6: 7.55-7.52 (m, 2H), 7.45-7.43 (m, 2H), 7.31-7.30 (m,
3H), 7.26-7.24 (m, 2H), 4.02 (q, J = 7.1 Hz, 1H), 1.59 (d, J = 7.2 Hz, 3H); *C NMR
(100 MHz, CDCl3) o: 148.2, 143.8, 131.6, 128.8, 128.3, 128.0, 123.2, 121.4, 118.7 (q,
J = 318.8 Hz), 91.3, 83.2, 32.0, 24.4; F NMR (376 MHz, CDCl:3) &: -72.8; HRMS
(ESI): m/z caled for C17H14F303S [M+H]": 355.0610, found: 355.06009.

(S)-1-(Phenylethynyl)-2,3-dihydro-1H-indene (37)

(=
Cr O
According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl 2,3-dihydro-1H-indene-1-carboxylate
S37 (71.5 mg, 0.20 mmol, 1.0 equiv.), ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5
equiv.) and L2 (16.7 mg, 0.024 mmol, 12 mol%) in Et2O (4 mL) for 3 d, the reaction
mixture was purified by column chromatography on silica gel (petroleum ether) to
yield the product 37 as a colorless oil (17.5 mg, 40% yield, 82% ee).
HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 20.24 min, ¢r (major) = 30.71 min.
"H NMR (400 MHz, CDCI3) 6: 7.48-7.41 (m, 3H), 7.30-7.19 (m, 7H), 4.20 (t, J = 8.4
Hz, 1H), 3.06-2.99 (m, 1H), 2.95-2.87 (m, 1H), 2.62-2.55 (m, 1H), 2.25-2.15 (m, 1H);
3C NMR (100 MHz, CDCl3) §: 143.6, 143.0, 131.7, 128.2, 127.7, 127.1, 126.6, 124.5,
124.3, 123.7,91.5, 81.6, 36.8, 34.4, 31.5; HRMS (ESI): m/z calcd for Ci17His [M+H]":
219.1168, found: 219.1168.

S70



(S)-1-(Phenylethynyl)-1,2,3,4-tetrahydronaphthalene (38)

O%

According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl
1,2,3,4-tetrahydronaphthalene-1-carboxylate S38 (74.3 mg, 0.20 mmol, 1.0 equiv.),
ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) and L2 (16.7 mg, 0.024 mmol,
12 mol%) in Et2O (4 mL) for 3 d, the reaction mixture was purified by column
chromatography on silica gel (petroleum ether) to yield the product 38 as a colorless
oil (19.1 mg, 41% yield, 67% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 15.28 min, #r (major) = 18.84 min.

"H NMR (400 MHz, CDCls) 6: 7.55-7.53 (m, 1H), 7.43-7.39 (m, 2H), 7.29-7.25 (m,
3H), 7.20-7.13 (m, 2H), 7.10-7.08 (m, 1H), 4.01 (t, J = 6.6 Hz, 1H), 2.91-2.75 (m,
2H), 2.22-2.16 (m, 1H), 2.11-1.96 (m, 2H), 1.86-1.77 (m, 1H); 3C NMR (100 MHz,
CDCl) o: 136.3, 136.2, 131.6, 129.2, 129.1, 128.1, 127.6, 126.5, 126.0, 123.8, 93.0,
81.4, 32.1, 30.3, 29.1, 21.3; HRMS (ESI): m/z calcd for CisHi7 [M+H]": 233.1325,
found: 233.1323.
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8. Asymmetric decarboxylative alkynylation: Scope of alkynes

General procedure 3:

=
OMe
o) Cul (10 mol%) R2
o\N L1 (12 mol%) N
H  Cs,CO; (3.5 equiv.)
+ _— 2 3 N

° Q R/ PhCFs 1, 3d R Ny Lo WA A

blue LED g

1 (1.5 equiv.) 2

L1 (Ar = 3,5-Bu,CgHs)

J

Cul (3.8 mg, 0.02 mmol, 10 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3
(228.1 mg, 0.70 mmol, 3.5 equiv.), N-hydroxyphthalimide esters 1 (0.30 mmol, 1.5
equiv.) and anhydrous PhCF3 (4.0 mL) were sequentially added to an oven-dried
Schlenk tube equipped with a magnetic stir bar under argon atmosphere. Then, alkyne
2 (0.20 mmol, 1.0 equiv.) was added to the mixture. The reaction mixture was stirred
under the irradiation of a 24 W blue LED for 3 to 4 d at room temperature. After the
completion of reaction, the reaction mixture was filtered and the precipitate was
washed by EtOAc. The filtrate was removed by rotary evaporator under vacuum and
the residue was purified by flash column chromatography on silica gel to afford the

alkynylation product.

(R)-1-Methoxy-3-(3-phenylpent-1-yn-1-yl)benzene (39)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 1-ethynyl-3-methoxybenzene 2b (26.4 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 39 as a colorless oil (36.1 mg, 72% yield,
97% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 26.49 min, ¢r (major) = 33.84 min.

'H NMR (400 MHz, CDCls) 6: 7.43-7.41 (m, 2H), 7.36-7.32 (m, 2H), 7.27-7.18 (m,
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2H), 7.06-7.04 (m, 1H), 6.98-6.97 (m, 1H), 6.86-6.83 (m, 1H), 3.79-3.77 (m, 4H),
1.92-1.81 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) §: 159.3,
141.9, 129.2, 128.4, 127.5, 126.6, 124.8, 124.2, 116.5, 114.3, 91.3, 83.2, 55.2, 39.9,

31.6, 11.9. The NMR spectra were in accord with that reported in literature.!!

(R)-1-Methyl-4-(3-phenylpent-1-yn-1-yl)benzene (40)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 1-ethynyl-4-methylbenzene 2d (23.2 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 40 as a colorless oil (35.2 mg, 75% yield,
97% ee).

[a]p® =-10.9 (¢ 0.73, CH2ClL).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 14.83 min, fr (major) = 18.13 min.

'"H NMR (400 MHz, CDCl3) 6: 7.43-7.41 (m, 2H), 7.35-7.31 (m, 4H), 7.26-7.21 (m,
1H), 7.10 (d, J = 7.6 Hz, 2H), 3.78 (t, J = 7.0 Hz, 1H), 2.33 (s, 3H), 1.91-1.80 (m, 2H),
1.05 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 142.1, 137.7, 131.5, 128.9,
128.4, 127.5, 126.6, 120.7, 90.6, 83.4, 39.9, 31.7, 21.4, 11.8. The NMR spectra were

in accord with that reported in literature."]

(R)-1-Chloro-4-(3-phenylpent-1-yn-1-yl)benzene (41)

According to General procedure 3 with

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
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0.30 mmol, 1.5 equiv.) and 1-chloro-4-ethynylbenzene 2e (27.3 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 41 as a colorless oil (35.7 mg, 70% yield,
93% ee).

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 100/0, flow rate 0.5 mL/min, A = 254
nm), fr (minor) = 12.33 min, fr (major) = 13.79 min.

'H NMR (400 MHz, CDCI3) 6: 7.41-7.32 (m, 6H), 7.29-7.23 (m, 3H), 3.77 (t, J= 7.0
Hz, 1H), 1.90-1.82 (m, 2H), 1.04 (t, J = 7.2 Hz, 3H); 1*C NMR (100 MHz, CDCI;3) ¢:
141.7, 133.6, 132.9, 128.49, 128.45, 127.5, 126.7, 122.3, 92.6, 82.2, 40.0, 31.5, 11.8.

The NMR spectra were in accord with that reported in literature.”!

(R)-1-Chloro-3-(3-phenylpent-1-yn-1-yl)benzene (42)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 1-chloro-3-ethynylbenzene 2f (27.3 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 42 as a colorless oil (38.7 mg, 76% yield,
95% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 12.21 min, #r (major) = 13.06 min.

'"H NMR (400 MHz, CDCls) 6: 7.44-7.38 (m, 3H), 7.36-7.30 (m, 3H), 7.28-7.20 (m,
3H), 3.78 (t, J = 7.0 Hz, 1H), 1.92-1.81 (m, 2H), 1.05 (t, J = 7.2 Hz, 3H); *C NMR
(100 MHz, CDCl3) o: 141.6, 134.0, 131.5, 129.8, 129.4, 128.5, 128.0, 127.5, 126.8,
125.5,92.9, 82.0, 39.9, 31.5, 11.8. The NMR spectra were in accord with that reported

in literature.l

(R)-1-Chloro-2-(3-phenylpent-1-yn-1-yl)benzene (43)
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According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 1-chloro-2-ethynylbenzene 2g (27.3 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 43 as a colorless oil (36.7 mg, 72% yield,
95% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 16.70 min, ¢r (major) = 18.58 min.

'"H NMR (400 MHz, CDCls) 6: 7.48-7.45 (m, 3H), 7.40-7.32 (m, 3H), 7.26-7.16 (m,
3H), 3.88-3.84 (m, 1H), 1.95-1.84 (m, 2H), 1.09 (t, J = 7.2 Hz, 3H); '3C NMR (100
MHz, CDCls) d: 141.6, 136.0, 133.3, 129.1, 128.7, 128.4, 127.6, 126.7, 126.3, 123.7,
97.0, 80.3, 40.2, 31.7, 11.8. The NMR spectra were in accord with that reported in

literature.[

(R)-1-Bromo-3-(3-phenylpent-1-yn-1-yl)benzene (44)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 1-bromo-3-ethynylbenzene 2h (36.2 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 44 as a colorless oil (41.9 mg, 70% yield,
93% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 12.76 min, fr (major) = 13.61 min.

'"H NMR (400 MHz, CDCIs) 6: 7.60-7.59 (m, 1H), 7.43-7.32 (m, 6H), 7.27-7.23 (m,
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1H), 7.16 (t, J= 8.0 Hz, 1H), 3.77 (t, J= 7.0 Hz, 1H), 1.92-1.81 (m, 2H), 1.05 (t, J =
7.4 Hz, 3H); >*C NMR (100 MHz, CDCl3) 6: 141.6, 134.4, 130.9, 130.2, 129.6, 128.5,
127.5, 126.8, 125.8, 122.0, 93.1, 81.9, 39.9, 31.5, 11.8. The NMR spectra were in

accord with that reported in literature.!

(R)-1-Fluoro-4-(3-phenylpent-1-yn-1-yl)benzene (45)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 1-ethynyl-4-fluorobenzene 2i (24.0 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 45 as a colorless oil (35.7 mg, 75% yield,
94% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 24.35 min, fr (major) = 27.92 min.

'"H NMR (400 MHz, CDCls) 6: 7.44-7.39 (m, 4H), 7.36-7.32 (m, 2H), 7.27-7.23 (m,
1H), 7.01-6.96 (m, 2H), 3.77 (t, J = 7.0 Hz, 1H), 1.91-1.80 (m, 2H), 1.05 (t, /= 7.4
Hz, 3H); 3*C NMR (100 MHz, CDCl3) §: 162.2 (d, J = 247.0 Hz), 141.9, 133.4 (d, J =
8.1 Hz), 128.4, 127.5, 126.7, 119.9 (d, /= 3.5 Hz), 115.4 (d, J = 21.9 Hz), 91.1, 82.2,
39.9, 31.6, 11.8; ”F NMR (376 MHz, CDCl3) &: -112.1. The NMR spectra were in

accord with that reported in literature.*!

(R)-1-(3-Phenylpent-1-yn-1-yl)-4-(trifluoromethyl)benzene (46)

According to General procedure 3 with

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
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0.30 mmol, 1.5 equiv.) and 1-ethynyl-4-(trifluoromethyl)benzene 2j (34.0 mg, 0.20
mmol, 1.0 equiv.) for 3 d, the reaction mixture was purified by column
chromatography on silica gel (petroleum ether) to yield the product 46 as a colorless
oil (46.1 mg, 80% yield, 96% ee).

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 100/0, flow rate 0.7 mL/min, A = 254
nm), fr (minor) = 25.67 min, fr (major) =27.61 min.

'"H NMR (400 MHz, CDCl3) 6: 7.56-7.52 (m, 4H), 7.41-7.39 (m, 2H), 7.36-7.33 (m,
2H), 7.28-7.24 (m, 1H), 3.80 (t, J = 7.2 Hz, 1H), 1.93-1.83 (m, 2H), 1.06 (t, J = 7.4
Hz, 3H); °C NMR (100 MHz, CDCls) 6: 141.5, 131.9, 129.5 (q, J = 32.3 Hz), 128.5,
127.7 (d, J = 1.4 Hz), 127.5, 126.8, 125.1 (q, J = 3.8 Hz), 124.0 (q, J = 270.5 Hz),
94.3, 82.2, 40.0, 31.5, 11.8; ’F NMR (376 MHz, CDCls) J: -62.7. The NMR spectra

were in accord with that reported in literature.!

(R)-4-(3-Phenylpent-1-yn-1-yl)benzonitrile (47)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 4-ethynylbenzonitrile 2k (25.4 mg, 0.20 mmol, 1.0 equiv.)
for 3 d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 47 as a colorless oil (34.8 mg, 71% yield, 95%
ee).

HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 254
nm), R (minor) = 9.30 min, fr (major) = 11.43 min.

"H NMR (400 MHz, CDCl3) &: 7.58 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H),
7.40-7.33 (m, 4H), 7.28-7.25 (m, 1H), 3.80 (t, J = 7.0 Hz, 1H), 1.94-1.83 (m, 2H),
1.05 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 141.2, 132.2, 131.9, 128.8,
128.5, 127.4, 126.9, 118.6, 111.0, 96.6, 82.0, 40.0, 31.4, 11.8. The NMR spectra were

in accord with that reported in literature."!
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(R)-4-(3-Phenylpent-1-yn-1-yl)benzaldehyde (48)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 4-ethynylbenzaldehyde 21 (26.0 mg, 0.20 mmol, 1.0 equiv.)
for 3 d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 48 as a colorless oil (32.8 mg, 66% yield, 96%
ee).

HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 99.5/0.5, flow rate 0.3 mL/min, A =
290 nm), fr (minor) = 28.29 min, fr (major) =31.21 min.

'H NMR (400 MHz, CDCl3) J: 9.99 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4
Hz, 2H), 7.42-7.40 (m, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.28-7.24 (m, 1H), 3.82 (t, J =
7.0 Hz, 1H), 1.95-1.84 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); '*C NMR (100 MHz, CDCl3)
0: 191.5, 141.4, 135.1, 132.2, 130.2, 129.5, 128.5, 127.5, 126.9, 96.2, 82.7, 40.1, 31.4,

11.8. The NMR spectra were in accord with that reported in literature.!

Methyl (R)-4-(3-phenylpent-1-yn-1-yl)benzoate (49)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and methyl 4-ethynylbenzoate 2m (32.0 mg, 0.20 mmol, 1.0
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether) to yield the product 49 as a colorless oil (39.0 mg, 70% yield,
93% ee).

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 97/3, flow rate 0.5 mL/min, A = 254

nm), fr (minor) = 10.10 min, fr (major) = 11.31 min.
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'H NMR (400 MHz, CDCl3) §: 7.98-7.96 (m, 2H), 7.51-7.49 (m, 2H), 7.42-7.40 (m,
2H), 7.36-7.33 (m, 2H), 7.28-7.23 (m, 1H), 3.91 (s, 3H), 3.80 (t, J = 7.0 Hz, 1H),
1.92-1.84 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) §: 166.7,
141.5, 131.6, 129.4, 129.0, 128.6, 128.5, 127.5, 126.8, 94.9, 82.7, 52.2, 40.1, 31.5,

11.8. The NMR spectra were in accord with that reported in literature.!

(R)-4,4,5,5-Tetramethyl-2-(4-(3-phenylpent-1-yn-1-yl)phenyl)-1,3,2-dioxaborolan

e (50)
/O
o1

According to General procedure 3 with

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,

0.30 mmol, 1.5 equiv.) and
2-(4-ethynylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 2n (45.6 mg, 0.20 mmol,
1.0 equiv.) for 3 d, the reaction mixture was purified by column chromatography on
silica gel (ethyl acetate/petroleum ether = 1/100) to yield the product 50 as a colorless
oil (43.6 mg, 63% yield, 96% ee).

HPLC analysis: Chiralcel 1A (hexane/i-PrOH = 99.5/0.5, flow rate 0.2 mL/min, A =
254 nm), fr (minor) = 24.78 min, fr (major) = 29.18 min.

'"H NMR (400 MHz, CDCI3) 6: 7.73 (d, J = 8.0 Hz, 2H), 7.45-7.40 (m, 4H), 7.35-7.32
(m, 2H), 7.26-7.22 (m, 1H), 3.79 (t, J= 7.0 Hz, 1H), 1.92-1.81 (m, 2H), 1.34 (s, 12H),
1.05 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCI3) J: 141.9, 134.5, 130.8, 128.4,
127.5, 126.7, 126.6, 92.9, 83.9, 83.5, 40.0, 31.6, 24.9, 11.8. The NMR spectra were in

accord with that reported in literature.l!

(R)-1-Ethynyl-4-(3-phenylpent-1-yn-1-yl)benzene (51)
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According to General procedure 2 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20
mmol, 1.0 equiv.) and 1,4-diethynylbenzene 20 (37.8 mg, 0.30 mmol, 1.5 equiv.) for 3
d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 51 as a colorless oil (31.8 mg, 65% yield, 95%
ee).

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, A = 254
nm), fr (minor) = 6.16 min, fr (major) = 7.61 min.

'"H NMR (400 MHz, CDCls) 6: 7.43-7.37 (m, 6H), 7.35-7.32 (m, 2H), 7.27-7.23 (m,
1H), 3.79 (t,J=7.0 Hz, 1H), 3.13 (s, 1H), 1.92-1.81 (m, 2H), 1.05 (t, /= 7.2 Hz, 3H);
3C NMR (100 MHz, CDCl3) §: 141.7, 131.9, 131.5, 128.5, 127.5, 126.7, 124.4, 121.3,
93.7, 83.3, 82.9, 78.5, 40.0, 31.5, 11.8. The NMR spectra were in accord with that

reported in literature.”!

(R)-2-Methoxy-6-(3-phenylpent-1-yn-1-yl)naphthalene (52)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 2-ethynyl-6-methoxynaphthalene 2p (36.4 mg, 0.20 mmol,
1.0 equiv.) for 3 d, the reaction mixture was purified by column chromatography on
silica gel (petroleum ether) to yield the product 52 as a colorless oil (43.9 mg, 73%
yield, 95% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 97/3, flow rate 0.8 mL/min, A = 254
nm), fr (major) = 21.20 min, fr (minor) = 31.44 min.

'"H NMR (400 MHz, CDCl3) J: 7.88 (s, 1H), 7.65 (t, J = 8.6 Hz, 2H), 7.48-7.44 (m,
3H), 7.35 (t, /= 7.6 Hz, 2H), 7.27-7.23 (m, 1H), 7.14-7.08 (m, 2H), 3.90 (s, 3H), 3.82
(t,J= 7.0 Hz, 1H), 1.95-1.84 (m, 2H), 1.09 (t, J = 7.4 Hz, 3H); '*C NMR (100 MHz,
CDCD) o: 158.0, 142.1, 133.8, 131.0, 129.3, 129.1, 128.5, 128.4, 127.6, 126.6, 119.2,

118.8, 105.8, 91.0, 83.8, 55.3, 40.1, 31.7, 11.9. The NMR spectra were in accord with
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that reported in literature.!!

(R)-2-(3-Phenylpent-1-yn-1-yl)thiophene (53)

S

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 2-ethynylthiophene 2q (21.6 mg, 0.20 mmol, 1.0 equiv.)
for 3 d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 53 as a colorless oil (27.6 mg, 61% yield, 96%
ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
254 nm), fr (minor) = 12.52 min, #r (major) = 13.82 min.

'"H NMR (400 MHz, CDCls) 6: 7.40-7.38 (m, 2H), 7.36-7.32 (m, 2H), 7.27-7.23 (m,
1H), 7.20-7.16 (m, 2H), 6.96-6.94 (m, 1H), 3.80 (t, J = 7.0 Hz, 1H), 1.92-1.81 (m,
2H), 1.04 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) &: 141.6, 131.2, 128.4,
127.5, 126.8, 126.7, 126.2, 123.9, 95.4, 76.4, 40.2, 31.5, 11.9. The NMR spectra were

in accord with that reported in literature.”!
(R)-3-(3-Phenylpent-1-yn-1-yl)thiophene (54)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 3-ethynylthiophene 2¢ (21.6 mg, 0.20 mmol, 1.0 equiv.)
for 3 d, the reaction mixture was purified by column chromatography on silica gel
(petroleum ether) to yield the product 54 as a colorless oil (28.1 mg, 62% yield, 97%

ee).
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HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
214 nm), fr (minor) = 17.63 min, fr (major) = 19.77 min.

'"H NMR (400 MHz, CDCls) 6: 7.41-7.39 (m, 3H), 7.35-7.31 (m, 2H), 7.26-7.22 (m,
2H), 7.12-7.10 (m, 1H), 3.76 (t, J = 7.0 Hz, 1H), 1.91-1.80 (m, 2H), 1.04 (t, J = 7.2
Hz, 3H); *C NMR (100 MHz, CDCls) J: 141.9, 130.1, 128.4, 127.8, 127.5, 126.6,
125.0, 122.8, 91.0, 78.3, 40.0, 31.6, 11.8; HRMS (ESI): m/z calcd for CisHisS
[M+H]": 227.0889, found: 227.0888.

(R)-4-(3-Phenylpent-1-yn-1-yl)pyridine (55)

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 3-ethynylpyridine 2r (20.6 mg, 0.20 mmol, 1.0 equiv.) for
3 d, the reaction mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/100) to yield the product 55 as a colorless oil (31.4 mg,
71% yield, 96% ee).

HPLC analysis: Chiralcel 1A (hexane/i-PrOH = 97/3, flow rate 0.5 mL/min, A = 254
nm), fr (minor) = 12.91 min, fr (major) = 14.98 min.

'"H NMR (400 MHz, CDCls) 6: 8.68 (s, 1H), 8.51 (s, 1H), 7.73-7.70 (m, 1H),
7.42-7.39 (m, 2H), 7.37-7.33 (m, 2H), 7.28-7.21 (m, 2H), 3.80 (t, J = 7.0 Hz, 1H),
1.94-1.83 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) §: 152.4,
148.1, 141.4, 138.5, 128.5, 127.5, 126.8, 122.9, 120.9 95.2, 80.0, 40.0, 31.4, 11.8;
HRMS (ESI): m/z calcd for CisHi6N [M+H]": 222.1277, found: 222.1277.

(R)-4-(3-Phenylpent-1-yn-1-yl)quinoline (56)
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According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg,
0.30 mmol, 1.5 equiv.) and 4-ethynylquinoline 2s (30.6 mg, 0.20 mmol, 1.0 equiv.) for
3 d, the reaction mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/30) to yield the product 56 as a colorless oil (35.3 mg,
65% yield, 95% ee).

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 98/2, flow rate 0.3 mL/min, A = 254
nm), fr (major) = 30.42 min, fr (minor) = 32.10 min.

'"H NMR (400 MHz, CDCls) : 8.85 (d, J= 4.4 Hz, 1H), 8.29 (dd, J = 8.4, 0.8 Hz, 1H),
8.11 (d, J = 8.4 Hz, 1H), 7.76-7.71 (m, 1H), 7.62-7.58 (m, 1H), 7.50-7.47 (m, 3H),
7.41-7.37 (m, 2H), 7.32-7.27 (m, 1H), 3.97 (t, J = 7.0 Hz, 1H), 2.05-1.96 (m, 2H),
1.14 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 149.7, 148.0, 141.1, 130.3,
129.7, 128.6, 128.1, 127.5, 127.04, 126.96, 126.0, 123.8, 101.7, 79.3, 40.4, 31.5, 11.9.

The NMR spectra were in accord with that reported in literature.!

(R)-5-(3-Phenylbut-1-yn-1-yl)pyrazolo[1,5-a]pyrimidine (57)

N, F

N\
N\

N/N =

According to General procedure 3 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpropanoate lah (51.8 mg,
0.15 mmol, 1.5 equiv.), 5-ethynylpyrazolo[1,5-a]pyrimidine 2t which was
synthesized according to the referencel®! (14.3 mg, 0.1 mmol, 1.0 equiv.), Cul (4.3 mg,
0.0225 mmol, 15 mol%) and L1 (22.6 mg, 0.027 mmol, 18 mol%) for 4 d, the
reaction mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/2) to yield the product 57 as a colorless oil (11.1 mg, 45%
yield, 93% ee).

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate 0.3 mL/min, A = 254
nm), fr (minor) = 48.41 min, fr (major) = 51.19 min.

'"H NMR (400 MHz, CDCIs) J: 8.58 (d, J= 7.2 Hz, 1H), 8.12 (s, 1H), 7.44 (d, J= 7.6
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Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H),
6.68 (s, 1H), 4.05 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCl3) o: 148.1, 145.6, 142.4, 141.8, 134.4, 128.7, 127.0, 126.9, 110.7, 97.2, 96.9,
81.0, 32.4, 23.7. The NMR spectra were in accord with that reported in literature.l”’

General procedure 4:

R? oM z
e
(0] Cul (15 mol%) R2
Oy L1 (12 mol%) N
1 H  Cs,CO; (3.5 equiv.)

i © Q ' 3% R' A NH PAr,

o Q R PhCF3, rt, blue LED R3 N

o)
1 2 (1.2 equiv.)
L1 (Ar = 3,5-1Bu,CgH3)

Cul (5.7 mg, 0.03 mmol, 15 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3
(228.1 mg, 0.70 mmol, 3.5 equiv.), N-hydroxyphthalimide esters 1 (0.20 mmol, 1.0
equiv.) and anhydrous PhCFs (4.0 mL) were sequentially added to an oven-dried
Schlenk tube equipped with a magnetic stir bar under argon atmosphere. Then, alkyne
2 (0.24 mmol, 1.2 equiv.) was added to the mixture. The reaction mixture was stirred
under the irradiation of a 24 W blue LED for 4 d at room temperature. After the
completion of reaction, the reaction mixture was filtered and the precipitate was
washed by EtOAc. The filtrate was removed by rotary evaporator under vacuum and
the residue was purified by flash column chromatography on silica gel to afford the

alkynylation product.

(R)-(1-(Cyclohex-1-en-1-yl)pent-1-yn-3-yl)benzene (58)

According to General procedure 4 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20
mmol, 1.0 equiv.) and 1-ethynylcyclohex-1-ene 2u (25.5 mg, 0.24 mmol, 1.2 equiv.)
for 4 d, the reaction mixture was purified by column chromatography on silica gel

(petroleum ether) to yield the product 58 as a colorless oil (14.8 mg, 33% yield, 97%
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ee).

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 100/0, flow rate 0.2 mL/min, A =
214 nm), fr (minor) = 31.14 min, fr (major) = 38.85 min.

'"H NMR (400 MHz, CDCl3) 6: 7.37-7.30 (m, 4H), 7.22 (t, J = 7.0 Hz, 1H), 6.10-6.08
(m, 1H), 3.68 (t, /= 7.0 Hz, 1H), 2.17-2.15 (m, 2H), 2.12-2.09 (m, 2H), 1.84-1.72 (m,
2H), 1.68-1.56 (m, 4H), 1.00 (t, J = 7.4 Hz, 3H); '*C NMR (100 MHz, CDCl3) ¢:
142.4, 133.5, 128.3, 127.5, 126.4, 120.9, 88.5, 85.2, 39.8, 31.8, 29.6, 25.6, 22.4, 21.6,

11.8. The NMR spectra were in accord with that reported in literature.!

(R)-(6,6-Diethoxyhex-4-yn-3-yl)benzene (59)

OEt

OEt

According to General procedure 4 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20
mmol, 1.0 equiv.) and 3,3-diethoxyprop-1-yne 2v (30.8 mg, 0.24 mmol, 1.2 equiv.)
for 4 d, the reaction mixture was purified by column chromatography on silica gel
(ethyl acetate/petroleum ether = 1/50) to yield the product 59 as a colorless oil (24.1
mg, 49% yield, 97% ee).

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 99/1, flow rate 0.3 mL/min, A =214
nm), fr (major) = 20.31 min, fr (minor) = 25.24 min.

'H NMR (400 MHz, CDCI3) d: 7.35-7.29 (m, 4H), 7.23 (t, J = 6.6 Hz, 1H), 5.34 (s,
1H), 3.81-3.72 (m, 2H), 3.65-3.56 (m, 3H), 1.84-1.77 (m, 2H), 1.26-1.22 (m, 6H),
0.99 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 141.2, 128.3, 127.5, 126.7,
91.5, 87.4, 78.5, 60.7, 60.6, 39.2, 31.2, 15.1, 11.7. The NMR spectra were in accord

with that reported in literature.!

(R)-4-Phenylhex-2-yn-1-yl acetate (60)
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OAc

According to General procedure 4 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20
mmol, 1.0 equiv.) and prop-2-yn-1-yl acetate 2w (23.5 mg, 0.24 mmol, 1.2 equiv.) for
4 d, the reaction mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/50) to yield the product 60 as a colorless oil (22.1 mg,
51% yield, 95% ee).

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 99/1, flow rate 0.3 mL/min, A =214
nm), fr (major) = 29.92 min, fr (minor) = 34.28 min.

'"H NMR (400 MHz, CDCI3) d: 7.33-7.29 (m, 4H), 7.26-7.21 (m, 1H), 4.74 (d, J=2.0
Hz, 2H), 3.62-3.58 (m, 1H), 2.10 (s, 3H), 1.82-1.75 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H);
BC NMR (100 MHz, CDCls) 6:170.4, 141.3, 128.4, 127.4, 126.7, 88.8, 52.8, 39.3,
31.2,20.8, 11.7. The NMR spectra were in accord with that reported in literature.!

(R)-5-Phenylhept-3-yn-1-ol (61)

OH

According to General procedure 4 with
1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20
mmol, 1.0 equiv.) and but-3-yn-1-ol 2x (16.8 mg, 0.24 mmol, 1.2 equiv.) for 4 d, the
reaction mixture was purified by column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/10) to yield the product 61 as a colorless oil (11.3 mg,
30% yield, 97% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 95/5, flow rate 0.7 mL/min, A =
214 nm), fr (major) = 11.42 min, fr (minor) = 12.69 min.

"H NMR (400 MHz, CDCls) d: 7.35-7.30 (m, 4H), 7.23 (t, J = 6.6 Hz, 1H), 3.72 (t, J
= 5.8 Hz, 2H), 3.56 (t, J = 7.0 Hz, 1H), 2.52 (td, J = 6.2, 1.6 Hz, 2H), 1.87 (s, 1H),
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1.82-1.70 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) §: 142.3,
128.4, 127.4, 126.6, 84.1, 79.2, 61.4, 39.4, 31.6, 23.3, 11.8. The NMR spectra were in

accord with that reported in literature.”!

(R)-(3-(4-Isobutylphenyl)but-1-yn-1-yl)trimethylsilane (62)

——TMS

According to General procedure 4 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-isobutylphenyl)propanoate 1b
(80.3 mg, 0.20 mmol, 1.0 equiv.) and ethynyltrimethylsilane 2y (23.6 mg, 0.24 mmol,
1.2 equiv.) for 4 d, the reaction mixture was purified by column chromatography on
silica gel (petroleum ether) to yield the product 62 as a colorless oil (25.8 mg, 50%
yield).

"H NMR (400 MHz, CDCl3) §: 7.28 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 3.77
(g, J =7.2 Hz, 1H), 2.46 (d, J= 7.2 Hz, 2H), 1.91-1.80 (m, 1H), 1.47 (d, J = 7.2 Hz,
3H), 0.91 (d, J = 6.4 Hz, 6H), 0.19 (s, 9H); *C NMR (100 MHz, CDCl3) 6: 140.2,
139.9, 129.2, 126.5, 109.8, 86.0, 45.0, 32.4, 30.2, 24.7, 22.40, 22.38, 0.2. The NMR

spectra were in accord with that reported in literature.l!

(S)-1-(But-3-yn-2-yl)-4-isobutylbenzene (62°)

To a stirred solution of 62 (24.4 mg, 0.094 mmol, 1.0 equiv.) in MeOH (1.5 mL) was
added K2COs3 (26 mg, 0.189 mmol, 2.0 equiv.) and the reaction mixture was stirred for
4 h. After completion of reaction, the mixture was concentrated under reduced
pressure and purified by column chromatography (petroleum ether) to yield the

desired product 62’ as a colorless oil (15.6 mg, 89% yield, 94% ee).
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HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 100/0, flow rate 0.3 mL/min, A =
214 nm), fr (major) = 17.64 min, fr (minor) = 22.26 min.

'"H NMR (400 MHz, CDCl3) é: 7.30 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H),
3.78-3.72 (m, 1H), 2.46 (d, J = 7.2 Hz, 2H), 2.26 (d, J = 2.4 Hz, 1H), 1.90-1.80 (m,
1H), 1.51 (d, J = 7.2 Hz, 3H), 0.91 (d, J = 6.4 Hz, 6H); *C NMR (100 MHz, CDCl;)
o: 140.1, 139.8, 129.3, 126.5, 87.4, 69.9, 45.0, 31.2, 30.2, 24.2, 22.4. The NMR

spectra were in accord with that reported in literature.l!

(R)-1-(Hex-4-yn-3-yl)-4-methoxybenzene (63)

MeO

According to General procedure 4 with
1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-methoxyphenyl)butanoate S34
(39.0 mg, 0.10 mmol, 1.0 equiv.) and prop-1-yne 2z (0.5 mL, 0.50 mmol, 5.0 equiv.,
1.0 M in THF) for 4 d, the reaction mixture was purified by column chromatography
on silica gel (petroleum ether) to yield the product 63 as a colorless oil (10.9 mg, 58%
yield, 93% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A =
230 nm), fr (minor) = 11.31 min, fr (major) = 17.02 min.

'"H NMR (400 MHz, CDCI3) §: 7.26-7.24 (m, 2H), 6.85 (d, J = 8.4 Hz, 2H), 3.79 (s,
3H), 3.45 (t,J=6.4 Hz, 1H), 1.86 (s, 3H), 1.74-1.67 (m, 2H), 0.95 (t, /= 7.4 Hz, 3H);
BC NMR (100 MHz, CDCl3) J: 158.2, 134.9, 128.4, 113.7, 81.1, 78.1, 55.3, 38.6,
31.7, 11.8, 3.6; HRMS (ESI): m/z caled for CisHi7O [M+H]": 189.1274, found:
189.1273.

Ethyl
(S)-3-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)hex-4-ynoate

(64)
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EtO,C_

FsC -
O JT ™
e

According to General procedure 2 with
1-(1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl) 4-ethyl
2-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)succinate S64 (66.8
mg, 0.1 mmol, 1.0 equiv.), prop-1-yne 2z (0.5 mL, 0.5 mmol, 5.0 equiv., 1.0 M in
THF), Cul (3.8 mg, 0.02 mmol, 20 mol%) and L3 (19.3 mg, 0.024 mmol, 24 mol%)
for 3 d, the reaction mixture was purified by column chromatography on silica gel
(dichloromethane/petroleum ether = 1/1.5) to yield the product 64 as a colorless oil
(12.6 mg, 27% yield, 76% ee).

HPLC analysis: Chiralcel IB (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), r (minor) = 10.55 min, fr (major) = 11.62 min.

"H NMR (400 MHz, CDCI3) &: 7.70 (s, 4H), 7.65 (s, 1H), 7.56 (d, J = 7.2 Hz, 1H),
7.48 (d, J = 7.6 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 5.12 (s,
2H), 4.16-4.06 (m, 3H), 2.77-2.71 (m, 1H), 2.67-2.61 (m, 1H), 1.82 (d, J = 2.4 Hz,
3H), 1.21 (t,J = 7.0 Hz, 3H); '’F NMR (376 MHz, CDCl3) 6: -62.4. The NMR spectra

were in accord with that reported in literature.!

(S,2)-1-Methoxy-3-(3-phenylpent-1-en-1-yl)benzene (65)

\gOMe

To a solution of IPrCuCl (7.3 mg, 0.015 mmol, 10 mol%), Pd(OAc)2 (1.7 mg, 0.0075
mmol, 5 mol%), L (5.7 mg, 0.015 mmol, 10 mol%), NaO'Bu (28.8 mg, 0.3 mmol, 2
equiv.), MeOH (24.0 mg, 0.75 mmol, 5 equiv.) and 39 (37.6 mg, 0.15 mmol, 1.0
equiv, 97% ee) in toluene (1.5 mL) was added TMDSO
(1,1,3,3-tetramethyldisiloxane) (40.3 mg, 0.3 mmol, 2 equiv.) under argon atmosphere.
Then, the reaction mixture was stirred at 60 °C for 4 h. Subsequently, the reaction

mixture was filtered through a short plug of silica gel with EtOAc (3 x 10 mL). The
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organic solvent was removed by rotary evaporator under vacuum and the residue was
purified by flash column chromatography (petroleum ether) on silica gel to afford the
product 65 as a colorless oil (30.7 mg, 81% yield, 97% ee)."!

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 240
nm), fr (minor) = 10.92 min, fr (major) = 22.96 min.

'"H NMR (400 MHz, CDCl3) 6: 7.31 (t, J = 7.4 Hz, 2H), 7.25-7.18 (m, 4H), 6.83 (d, J
= 7.6 Hz, 1H), 6.80-6.77 (m, 2H), 6.51 (d, J = 11.6 Hz, 1H), 5.88-5.82 (m, 1H), 3.75
(s, 3H), 3.73-3.68 (m, 1H), 1.80-1.66 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H); '*C NMR (100
MHz, CDCl3) 6: 159.4, 145.2, 138.9, 136.0, 129.1, 128.8, 128.5, 127.4, 126.1, 121.2,
113.9, 112.5, 55.1, 45.5, 30.7, 12.0; HRMS (ESI): m/z calcd for CisH210 [M+H]":
253.1587, found: 253.1585.

(S)-1-Methoxy-3-(3-phenylpentyl)benzene (66)

SRAvE

To a solution of 39 (37.6 mg, 0.15 mmol, 1.0 equiv., 97% ee) in THF (2.5 mL) was
added Pd/C (10.0 mg, 10% w/w Pd on carbon) under argon atmosphere. Subsequently,
the reaction flask was evacuated and refilled with hydrogen through a balloon. The
reaction mixture was stirred at room temperature under the hydrogen atmosphere for 4
h. Then, the reaction mixture was filtered and rinsed with EtOAc (3 x 20 mL). The
filtrate was concentrated by rotary evaporator under vacuum and the residue was
purified by column chromatography on silica gel (petroleum ether) to give the product
66 as a colorless oil (31.7 mg, 83% yield, 96% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 214
nm), fr (minor) = 10.65 min, fr (major) = 13.23 min.

'"H NMR (400 MHz, CDCl3) é: 7.31 (t, J = 7.4 Hz, 2H), 7.24-7.14 (m, 4H), 6.71-6.69
(m, 2H), 6.65 (s, 1H), 3.77 (s, 3H), 2.48-2.38 (m, 3H), 2.02-1.83 (m, 2H), 1.74-1.66
(m, 1H), 1.61-1.54 (m, 1H), 0.76 (t, J = 7.4 Hz, 3H); 3*C NMR (100 MHz, CDCl3) 6:
159.5, 145.4, 144.3, 129.1, 128.3, 127.8, 125.9, 120.8, 114.1, 110.9, 55.1, 47.3, 38.0,
33.9, 29.8, 12.1; HRMS (ESI): m/z calcd for CisH2s0 [M+H]": 255.1743, found:
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255.1740.
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9. Synthetic applications
9.1 One-pot synthesis

R o 1) DMAP (10 mgl%) R
DCC (1.0 equiv)
@ COOH _ Ho-N OO CH,Cly, 0 °C-rt, 24 h; S
2) standard conditions Ph
)

67a, R'=H, R?> = Et 68 (1 equiv.) 4, 61%, 97% ee
67b, R'=Bu, R2 = Me 18, 55%, 90% ee

Step 1: According to General procedure 1 with alkyl carboxylic acids 67a and 67b
(0.20 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione 68 (42.6
mg, 0.20 mmol, 1.0 equiv.) for 24 h, the reaction mixture was filtrated through a pad
of diatomite. The precipitate was washed with CH2Cl2 (3 x 50 mL). The filtrate was
removed by rotary evaporator under vacuum to give the crude ester without further
purification.

Step 2: According to General procedure 2 with the crude ester (0.20 mmol, 1.0
equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 d, the reaction
mixture was purified by column chromatography on silica gel (petroleum ether) to
yield the product 4 (colorless oil, 26.9 mg, 61% yield, 97% ee) and 18 (colorless oil,
28.9 mg, 55% yield, 90% ee), respectively.

HPLC analysis of 4: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min,
A =254 nm), tr (minor) = 11.48 min, #r (major) = 16.96 min.

HPLC analysis of 18: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7

mL/min, A =254 nm), fr (minor) = 15.97 min, fr (major) = 26.49 min.

9.2 Large-scale synthesis

Cul (10 mol%)
/g( ’ L1 (12 mol%)
O. = Cs,CO3 (3.5 equiv.)
Ph NNaphth + / Ph X
Ph PhCF3, rt, 5 d oS

o)
1b (1.8 g) 2a (1.5 equiv.) blue LED

Ph
4, 58%, 98% ee

Cul (95.2 mg, 0.5 mmol, 10 mol%), L1 (502 mg, 0.6 mmol, 12 mol%), Cs2CO3 (5.7 g,
175 mmol, 3.5 equiv.), 1,3-dioxo-1,3-dihydro-2 H-benzo[f]isoindol-2-yl
2-phenylbutanoate 1b (1.8 g, 5.0 mmol, 1.0 equiv.) and anhydrous PhCF3; (100 mL)

were sequentially added to an oven-dried flask equipped with a magnetic stir bar
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under argon atmosphere. Then, ethynylbenzene 2a (766.1 mg, 7.5 mmol, 1.5 equiv.)
was added to the mixture. The reaction mixture was stirred under the irradiation of a
24 W blue LED for 5 d at room temperature. After the completion of reaction, the
reaction mixture was filtered and the precipitate was washed by EtOAc (3 x 30 mL).
The filtrate was removed by rotary evaporator under vacuum and the residue was
purified by flash column chromatography on silica gel with petroleum ether to afford
the product 4 as a colorless oil (638.9 mg, 58% yield, 98% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, A =

254 nm), fr (minor) = 11.16 min, fr (major) = 16.35 min.
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10. Mechanistic Study
10.1 Radical-trapping experiment

2a (1.5 equiv.) — Ph
Ph O\NNaphth standard conditions Ph % + 4

o TEMPO (1.0 equiv.) Ph  Ph
1b 4, 0% 3", 30%

Cul (3.8 mg, 0.02 mmol, 10 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3
(228.1 mg, 0.70 mmol, 3.5 equiv.), 1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl
2-phenylbutanoate 1b (71.9 mg, 0.20 mmol, 1.0 equiv.), TEMPO (31.2 mg, 0.20
mmol 1.0 equiv.) and anhydrous PhCFs (4.0 mL) were sequentially added to an
oven-dried Schlenk tube equipped with a magnetic stir bar under argon atmosphere.
Then, ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) was added to the mixture.
The reaction mixture was stirred under the irradiation of a 24 W blue LED for 3 d at
room temperature. After the completion of reaction, the reaction mixture was filtered
and the precipitate was washed by EtOAc. The filtrate was removed by rotary
evaporator under vacuum and the residue was analyzed by 'H NMR. 4 was not
detected in the reaction mixture. Furthermore, 3’ was isolated as a colorless solid (9.1

mg, 30% yield) and 2-phenylbutanoic acid via the hydrolysis of 1b could be detected.

10.2 Radical clock experiments

7 3 " ey y
/0
o ) - -
Cs,CO;3 (3.5 equiv.) O

(0] PhCF3 (0.05 M) , blue LED
. rt, 3d
1c 2a (1.5 equiv) 69, 10% 70, 53%, 87% ee
According to General procedure 2 with

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl  2-cyclopropyl-2-phenylacetate 1e¢
(74.3 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5
equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica
gel (petroleum ether).

(E)-Hex-1-en-5-yne-1,6-diyldibenzene (69)
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69 was isolated as a colorless oil (4.6 mg, 10% yield). 'H NMR (400 MHz, CDCI3) 6:
7.41-7.36 (m, 4H), 7.32-7.26 (m, 5H), 7.21 (t, J = 7.2 Hz, 1H), 6.50 (d, J = 16.0 Hz,
1H), 6.36-6.29 (m, 1H), 2.60-2.52 (m, 4H); *C NMR (100 MHz, CDCl3) é: 137.5,

131.6, 131.1, 128.8, 128.5, 128.2, 127.6, 127.1, 126.1, 123.9, 89.4, 81.2, 32.3, 19.8;
HRMS (ESI): m/z caled for CisHi7 [M+H]": 233.1325, found: 233.1324.

(R)-(3-Cyclopropylprop-1-yne-1,3-diyl)dibenzene (70)

70 was isolated as a colorless oil (24.6 mg, 53% yield, 87% ee). HPLC analysis:
Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, A = 254 nm),
(minor) = 22.39 min, & (major) = 26.84 min; 'H NMR (400 MHz, CDCls) 6:
7.51-7.49 (m, 2H), 7.46-7.43 (m, 2H), 7.38-7.35 (m, 2H), 7.31-7.27 (m, 4H), 3.70 (d,
J = 6.4 Hz, 1H), 1.28-1.20 (m, 1H), 0.63-0.52 (m, 4H); 1*C NMR (100 MHz, CDCls)
0: 142.0, 131.7, 128.4, 128.2, 127.8, 127.5, 126.8, 123.6, 89.6, 83.2, 41.3, 17.5, 4.1,

3.1. The NMR spectra were in accord with that reported in literature.!

10.3 Stern-Volmer luminescence quenching experiments

Emission intensities were recorded using FLS-980 Spectrofluorometer equipped with
MCP-PMT detector from Edinburgh Instruments for all experiments. The solution
was prepared by adding Cu(I)-phenylacetylide, an appropriate amount of quencher,
and PhCF3 to a 5.0 mL of quartz cuvette. The concentration of Cu(I)-phenylacetylide
was 5.0 x 107 M. The cuvette was sealed with a septum. After degassing with
nitrogen for 30 min, the solution was irradiated at 466 nm, and emission was detected

at 582 nm.
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Figure S1d. Cu(I)-phenylacetylide emission quenching by 1ab.
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Figure Sle. Cu(I)-phenylacetylide emission quenching by 1ac.
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Figure S1f. Cu(I)-phenylacetylide emission quenching by 1ad.
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Figure S1g. Cu(I)-phenylacetylide emission quenching by 1ae.
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Figure S1j. Cu(I)-phenylacetylide emission quenching by 1ah.

10.4 Cyclic voltammetry experiments

Cyclic

voltammetry experiment

was

performed using a CH Instruments

Electrochemical Workstation model PalmSens4. The electrochemical cell

equipped with a glassy carbon working electrode, a Pt mesh counter electrode, and a
Ag/AgNOs (10 mM AgNOs3 in MeCN) reference electrode. A solution of 1b in MeCN
(0.001 M) was tested with 0.1 M BusNPFe as the supporting electrolyte and ferrocene

was using as an internal standard. Scan rate = 0.1 V/s, 2 sweep segments, a sample
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interval of 0.001 V.
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Figure S1. Cyclic voltammogram of 1b in MeCN. Ep= —-1.567 V vs. Fc/Fc'. Ep (vs.
SCE)=-1.567V +0.393V=-1.174 V.

S99



11. References

1] D. Wang, N. Zhu, P. Chen, Z. Lin, G. Liu, J. Am. Chem. Soc. 2017, 139, 15632.

[

[2] Y. Duan, J.-H. Lin, J.-C. Xiao, Y.-C. Gu, Org. Lett. 2016, 18, 2471.

[3] W. Liu, W. Ren, J. Li, Y. Shi, W. Chang, Y. Shi, Org. Lett. 2017, 19, 1748.

[4] L. A. Paquette, G. D. Maynard, J. Org. Chem. 1989, 54, 5054.

[5] X.-Y. Dong, Y.-F. Zhang, C.-L. Ma, Q.-S. Gu, F.-L. Wang, Z.-L. Li, S.-P. Jiang,
X.-Y. Liu, Nat. Chem. 2019, 11, 1158.

6] D. Saha, T. Chatterjee, M. Mukherjee, B. C. Ranu, J. Org. Chem. 2012, 77, 9379.

8] V. J. Meyer, M. Niggemann, Chem. Eur. J. 2012, 18, 4687.

[

[7]J.Li, Y. Luo, H. W. Cheo, Y. Lan, J. Wu, Chem 2019, 5, 192.

[

[9] M. K. Armstrong, M. B. Goodstein, G. Lalic, J. Am. Chem. Soc. 2018, 140, 10233.

S100



12. NMR Spectra

zl3'l =
685 _.v.

PS6 ey
ZLEEA a
086 mw

800'f

1ZTL
pzT L
1ZT L
LETL
cret
el
15T L
09T L
£9T L1
19T L1
LT L
81T L
98T L
VETLE T ——
gezE T ——
Dol
ZZ8 L]
9z¢' L1
zre L
55¢€'L
09¢'L
8z L
ger L
Ly L
Bt L
Z5r L
L9rL
pov L

*=Zl'E

Eoo'l -

20
07
g

7.0

20 15 10 05 00 -05

35 30 25

50 45 40

60 55

6.5

75

8.0

8.5

9.0

9:5

10.5

f1 (ppm)

L8y ¥e—

Lepee—

789'9L
DS,RW
LVELL

Levee’

pBs'Z6—

rreacl |
9169zl
mw\...‘.m_‘w
8l mm_ﬁl_ﬁ.
LEG'8ZL
L el

gLEerl—

pel'eel
\

-10

30 20 10

40

180 170 160 150 140 130 120 10 100 90 80 70 60
f1 (ppm)

190

S101



09247
ale'L
zze'l
gee’ L
958 'L
LigL
Z6T'L
965 'L
0z5'L
vZg'L
Ops'L
&g -

12.5

0.5

05

o]

45 35 2.5

6.5 55
f1 {(ppm)

75

85

105

11.5

0ge'ed
Nmm.mh/

ooo..\.p\
tm.\.h\.
ces'le

LBLLEL—

ZEPBT L~
00Z 624"
eerzeL”

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 {(ppm)

170

5102



zLlo'l
NND,FV
992l —
mmmeN
08LE

98L'€

LBLE

864'C

L8z

PLE'T

926'C

026'e

8E6'C

556'C

£66'9
0loL
ELD'L
150’1
190'L
9.0'L]
P60 Lo
1602

—_—

SCLifF ——

€51 2
Leb e
[V
p0Z L
22z L1
582
%mi
LZe L

3”

F&le
=L'E

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-0.5

10 05 00

15

f1 (ppm)

10.5

1.5

S103



(Frala
vzl
el
szl
8BS L
18T L
59z /1
692 L1
812 L1
182 L1
68 L1
VBT LA
LOE L]
p0E 2
51 2]
PEs L4
TS
25¢ L]
oY L

LTV L
gey L
9ey' L
Opy'L
By L
sy L

oo

EELE

Fere

=001

by
=
Sa

20 15 10 05 00 -05

30 25

35

40

50 45
1 {(ppm)

55

6.0

6.5

95

105

pegll—

089'Le—

aye'ec—

£89'9L,
00044
LIS il

reeea”

LiFLE—

8Z8EZL
829924
mmmsﬁw
589 .24
9Ll'6zl
865 8T
829 €L
866 Lzl —

-10

10

20

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)

190

S104



8Lzl
1eZ'L
9ez'L
WL
ST L]
897 L1
€17 1
082 11
ez L-
267 L
86z L
508 L
Pz L
898 L1
ere L
@mmi
pov' L
Bl L
1512
08p' L

gy L

—_—

=

£

oo

GE'9
roe
eoe

75 65 55 45 35 25 1.5 05 05
f1 {(ppm)

85

10.5

1.5

90L'8L—~
6LZ'LZ—

L9L'GE—

ZELGP—

£899L
DS.RW
BLELL

278’
g5l '05—

mmmmmﬁ
mmm,mmf/
959 L1~
Z291'82l
98l mmmﬂ
pzaLel

el byl —

-1C

30 20 10

40

180 170 160 150 140 130 120 10 100 90 80 70 60
1 {(ppm)

190

S105



bl by
TR
ELLL
98 1
CINE
POz’
pLzL
£59'1

ey LT
8LLL
ST

Bm,:
9.8'L

(ORI

§
//i

119°¢
mmw,mv.

slzL
gezL
8z L
1521
197 1
Lz L1
BLZ
987 L
767 L
I |
0zg L
868 L
698 L
JEEWE
e
zob L]
B L
Sy L
0gr' L

e

M

=00t

o]
-Zh'e
~80'E

70 65 60 55 50 45 40 35 30

0.5

00

15 10 05

25 20

105 95 90 85 80 75

11.5

1 (ppm)

$p252y
82592
5.6'92,
Oes6z
cigle

8Y9 b,
880'5p~"

000'LL
8LeiLd
mhm.mm\
0LL'06~—

€89l ¢
/

156 €2
£vs mmﬁ/
$19 221
6cL 8z
991 82
saz ezt
NG
£E8 vl —

10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180

S106



2861
L2002
e
9z0'e

195}

L1961

el
!

pese—
£68'C—

Lz L
B7Z L]
557/
857 1
LT 1
987 /1
162 L4
162 1
zZ0% L
Lze L
08 L1
9pe L
59¢' L
0z L
Loy
56t L]

FE0e
=001

gE'8
oy

-05

05 00

20 15 10

50 45 40 35 30 25

60 55

70 65

90 85 80 75

9.5

10.5

1 (ppm)

€LE0E—
G59'GE~,
§L9'4E~

LLLyb—

£89'9L
000'2L
algasd
slees””

£E906—

pLYETLY
BES 9T 4|
S0P L2
269121
9zz 9z
8.5 821
5z9'hel

B9 L7k —

-10

80 70 60 50 40 30 20 10
1 (ppm)

170 160 150 140 130 120 110 100 %0

180

S107



0lzh
87zt
9rC |
VLT
88.7
8087
9787
187
687
B0 Z
825 %
RN
erlp
85L&
L8l
9Ll
P9E ¥
£8E &
Zor'y

i O B N

082 L7
192 L
897 /1
iz L
BLZ' LY
98z L
6z L

mmmﬁﬂ
6% L]
FELEE
a0t L]
5Ly
szy' 1]
ZerL

vt L

i

=BE'E

ol
ch—

6861
=001

68'f
ste
Gy

0.5 0.5

1.5

25

35

)

10.5 95 85 75 65 55
1 (ppm)

1.5

Z8LvL—

LZ8've—

88T Er—

LOL'09—

£89'9L
oco.nn._i_.w.
mﬁm.\.h\
ros'es
S78'E8~"

8ze Ll

162 mwf/
LGP LTI
e96'L2l
6L1'821
£19'8C
859 Lcl

0S¥ opL—

088'0LL—

S

-10

190 180 170 160 150 140 130 120 110 ;9({: s;o 80 70 60 50 40 30 20 10
ppm

200

S108



E5-
LP9'T
859'C
r93'Z
089'C
989'C
869'C
r0L'Z

166 €
moo,vW —
9z0'y

75T,
piZ L
16ZL
logL
ZECLT - =
05¢°L
69T L
§Gt'L
Zivrlt

Eo0E

Fue

00k

00 05

05

20 15 10

35 30 25

40

45

1 (ppm)

70 65 60 55 50

90 85 80 75

9.5

105

9e5'e—

L2882 —

PEE'BE—

000'4L
.\‘.fm.hn.‘__
_‘mm.\.h_\
§Loes
LiP 06—

962°9L
mmm.mhw

oveEzs
D:,Rﬁ/
z19 EW
PS8 L2}

Loieztd
qovmmé
60L 1S}

589 0P —

10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 {(ppm)

80

S109



&0'e

00

Feoe

Too

Lt}

D=0
<ol

55 50 45 40 35 30 25 20

1 (ppm)

80 75 70 65

105

10 05 00 -05

1.6

6.0

95 90 85

11.5

6L5'8C—
69L°Cr—

£89°G.,
000 it
BlELL

vaLe8

£06'06—

8L0' L4
859871
Bm,mmj/
PaG LE LA
98 12}

L9 LEl
SEp Sel
95¢ _‘S.\

-10

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60
1 {ppm)

180

S110



9e0'L
vmoewm
GeB !
6281
8e8'l
ara'l
pseL
998
L8l
588’
168’}
Z9L'E
8LL mwn
96L'¢

09z L
8971
867'L
OS2
ZLe' L
§LE'L
€284
W LA
16T LN
9se L
19¢ L
zLE LA
et Lo
Lot L]
Rads
SoP L
09 L
991 L

—_—

IJ Fglg

.llmeZ

e

=004

s
gl
2t
P

50 45 40 35 30 25

80 75 70 65 60 55

10 05 00 -05

15

20

95 90 85

10.5

1.5

1 (ppm)

889'LL—

BESLE—

LGE'6E—

2899,
00022
8LgLL
889'cg”

868L'06—

L5 ezl
omm,hmf/
mmmmm@m
Lis 8zl
106 821

Lol
0i8TE

£6Y OrL—

10

170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 0
f1 (ppm)

180

S111



LEO'L
050 vw
Bee L
628’}
veL
BYe |
858’}
088}
998
98}
pEg |-

L5LE
L9L'E
984 m\

POz L
802 L
pLzL
ezT L
8z L
eez’L
652°L
8z L
15214
LT
612 17
8z L+
887 I F —
62 L4
z0¢ L
50¢'L
Lhe L
pLe L
B0F L]
eyl
8zY L]
LEF L
Zt L
LSt L
9% L
Lot L

AL

20

Frie

Faie

=001

88|

Soiy
00E

80 75 70 865

40 35 30 25

55 50 45
1 {(ppm)

6.0

95 90 85

10.5

BhLLL—

Sep'le—

SP9'EE—

£89'9L—F
000°447
LIELL

£Ee mm\
6LP06—

625 €211
€11 521
s98'8z)
0ELLT)-
£8g Ltl
gz mm@
Erg6ZL
£59 hEl
9Tz vEL
LE0 L —

10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
1 (ppm)

30

S112



0.5

G9L L —

05

P80'L-
€0l _.v —_— 26|

, 3

wmi o BreB—
sal't .-

0Ld'} EIY zzL9e—
S8l b

ros |
ges |
868 |
P05 r
8LG |
les ) -

I/

3.5

L6Z 177 L
c0sp . -
zhe L. el £89'8L,
sey 000°22
9Gh'L 8leLL
091’4 6rece”
MMK 0L 06—
peLL
861 L1 r
997 £
1621 -
892 11
987 L L
76T Lk — =
867 L —
2084 —
FARE e LEL

52T L1 8Le mmﬁw
il
]

45

1 (ppm)

65

orecel
156 mmj_
eZ8'Lel

Al
58%3
i —
75

e B8T'6T
656 SPP6ZL
Log' L L8g'LEL
r oLgEel
205 6¢)

SEP L
eyl
BY¥ L
L5V L
Lov'L
L89'L
169 L
90L'L
OkL'L

95

-10

50 40 30 20 10

60

70

80

90
S113

100
1 (ppm)

110

120

170 160 150 140 130

180

190



A_LJJ I B

FOl'E

Fere

=001

80’8
EE0p

-0.5

10 05 00

1.5

50 45 40 35 30 25 20

65 B0 55
1 (ppm)

75 70

80

10.5 95 90 85

1.5

L897LL—

8rLe—

SlPee—

2899l
000'AL
LIELL
moh.mm\.
269'06—

bev 0zl
LIPS EZL
556 2L+
V28T,
167621~
0Lt 1EL
s19lel

0Z0' Ll —

-10

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

90

S114



850’
who,_‘v —————

9.8'1
888l

BER L
ri8 vw

g9gC— Sr————

L5L°E
PLL mW
Z6L'E

85l 41
BLL'L]
P8z L]
887 /1
567 L1
0081
L08L
mew

BlS L ———
eze LT
655 L
It L
pSt L
85t L
lov i
Evi
iyl

Eale

Tere

=0le

=001

= B86' |
Ep0's
502

0.5

40 35 30 25 20 15 10 05 00

75 70 65 60 55 50 45
1 (ppm)

80

90

95

10.5

P8 L —

oLoLz—

Pe9LE—

655'6C—

2899,
ooo.tw
8LELL

8ll'egs

bELLE—

g Rordh
POV L2 1
079 4Z1-L
PGl m?w
080 mmf\
029 kel

vmﬁmmf
mmo,mmf\

150

-10

130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

140

170 160

80

S115



=00€e

Feez

A
o

=850
=6t
AL
¥ 02

55 50 45

1 (ppm)

10 05 00 05

15

40 35 30 25 20

95 90 85 80 75 70 65 60

10.5

g8 LL—

ors'Le—

S96'6E—

Z8L'G5—

7899
GS.RW
e

oor'eas

g9Le'Le—

L98'LLL

mmv,m:..M,
fwm,m:‘/
9.8 mwf/
mmw,mmﬁ/
mwﬁmwfv
OpPE'6g)-

€29 vmﬁ\

GEYERL—

LL9BSL—

10

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 FO 60
1 {(ppm)

200

S116



560+
_w:ew
EEk L
1961
clEL
5861
LB6 |
€007
8007
72027
9207

996'C
vmm,mW
L0y

09z 'L
et
Ll
zZze L
0gg'L
568 L
9ve L]
15€'11
B L]
9 11
L9¥ 11
i L%
08Y £
98t L]
)
BBY L1
ZL5'L
6lg L]
855
z95'2
BL5 L
€85 .
Be8'L
1582
098'.
588 L

ElE

Fare

E00

ez
hees
iy

10 05 00 05

1.5

50 45 40 35 30 25 20

1 (ppm)

95 90 85 80 75 70 65 60 55

105

1.5

LG8 —

SeEpLe—

L80ob—

£89°9/,
000 2L
LIE AL
009'c8

6ZP 16—

P8 el
82562
pLE'SCL
9009z
aes'Lel
apligl
85L'L21
GT1'8TL
60Z'82) |
L9 LCL \
Zov'zel
BSY EEL
pleect

10

170 160 150 140 130 120 410 100 90 80 70 60 50 40 30 20 0
1 {(ppm)

180

S117



2160 s
67

LBS _.k
2
pes|L

ZiPT,
Gidad

mwmm
mmm mW
586
Z00'¥-

AN
Pl L]
09z L+
162 L]
Bz L1
PO Lo
90% LA
L1e1
oge L
85T L1
818
g5t L
zZob i1
ziv

=ie

=gre
Feot

=802

=00

10 05 00

0.5

i.5

55 50 45 40 35 30 25 20

1 (ppm)

6.0

80 75 70 65

95 90 85

10.5

115

6LECE~
0Bk 7"
L0Z°0€~
£90ge—

Op0'Sk—

7899
0004L
e,
1zze’

SLe'g6—

088624
Em,mm}
969 LZL)
151871~
052 mmﬁ
ZL9 LEL

0200t~
0z5 v~

-10

30 20 0

40

180 170 160 150 140 130 120 110 100 90 80 70 60
1 {(ppm)

190

S118



Ll
629 vvn

566'C
w_‘o,ww
00 v.\
eri'y

pSZ L
992 L
8121
16T L
£0% L1
glgl
z9% L7
08E LA
Z6e L
Ziy
oz L
e
a5t L
597 L]
it
obs L]
635 L

— —

=80E

FOOb [

B8lL'9
ey L
(44

10 05 00 05

1.5

55 50 45 40 35 30 25 20

f1 (ppm)

95 90 85 80 75 70 65 60

105

1.5

LZzve—

zo0ece—

£89°9L

e ol o

00022
LLE Ll
15ez8”

pigle—

Em,w:v
4BE 7t
876'22L
mmmm&%
0zv 8zl
] mm%
f

LL6'8TL
epPLeL

BEL il -
mmm,viﬂv

67 BSL—
856081

10

20

160 150 140 130 120 110 100 9D 80 70 80 50 40
f1 (ppm)

170

S119



-117.813

-200 -30 -40 50 60 70

80 -90 -100
1 (ppm)

S120

-120

-140

-160

-180

-200



Los'}
645}

pZe'e
Zre'e
096'€
8.6'c
ks
pZl'L
Spl'L
2=t
izl
5821
LBZ'L
662'L
aLe's
EEVL
gey' L
Lyl
957 L
8L5'L
9eg'l

Z5.'8
zoLe

v"

v

B

|
1
1
1

1

A

>

I

=0le

004
GE}

80 75

10 05 00 -05

1.5

35 30 25 20

40

50 45

f1 (ppm)

70 65 60 55

95 90 85

008'¥Z—
95182
L5L1E—

2899L,
000°2L
ULl
zogz8”

L0pPeE—

06E'5h
LZZ LI
ZEC'BLL
BOLBLL
LG5 ET)
5.5 wmﬁ/
spe9zL-L
16L4T)
98l 8gh
8/51E)
L9e9eL-
9698€)
£65'97)—
128051 —

6er 85—

|

J

|

|

i

-10

20 10

50 30

80

1 (ppm)

100

S121



LPS b
595 L

=8l'e

00k

Fooe

-0.5

0.0

1.0 05

15

25 20

35 30

50 45 40

75 70 65 60 55

90 85 80

9.5

105

f1 (ppm)

6 ¥Z—

BLLZE—

L5

z89'9L
DS,EW -
BLELL

cigze’

289'L6—

ZBEETL
968 521
664921
506 LZ1
886 LT L
gLz 8zl
LPBOEL~
5P 1EL
LZ5 1S
5e9' 16

Pl zel
059°¢¢l
PSL9ElL @
£E8'LEL

95£ 0L \V

cz95pL

P
66 161 — o

_i_Jl_

e

-10

30 20 10

40

180 170 160 450 140 130 120 110 100 90 80 70 B0 50
1 (ppm)

190

10 200

S122



9060
257
G
€87 |
g6t |
£IG'l
£Z5')
£85 1
Lpg' |
Z95 11
BLG |
009’1
509}
129 1
629 1
059}

09g'L§

756’}
85611
561
186 1
6007
5102
120
oFz
0z
9507
7902
807
180T
66021
0zLE
Lz
9Lz
867°Z1
80rT
0LYT

35184
915¢
8e5'T
0Z6'e
0e6'e
cre'T
LG6'E
GLE'E
€es'e
8LL'L
£ZT'L
z5e'L
ezl
BL2'L
LBT'L
LBZ'L
LOE'L
Bl L
eZvL

gelr'L
epyL

—

!

=8'e

Fors

Fierl

FEE)
ez

Bl

=00

50 45 40 35 30 25 20

f1 (ppm)

10.5

10 05 00 -05

1.5

95 90 85 80 75 70 65 60 55

€28k
995127\
PSE ¥Z|
20L 52
5159z
Z0¥ 62~
89 1€
ass Lol
R
8L 8¢
gLe vl
Emniﬁ
BY 05

Z289'9L
DQD,E.W
LIELL
bl mw\

ZLece—

185 52
881 LZ)

cogzL]
0GlL mmi
565 E%
9pg el
ogL8eL
9.4 0l

68.°¢gl
09g _wmﬁM

LI60gE—

-1C

50 40 30 20 10

60

210 190 170 150 130 110 90 80 70
f1 (ppm)

230

S123



150
580k
pao 1/
£28 11
T8}
L8k
Sre' L
658}
818}
088’k
268 .-

Z08'¢
618 mv.
LE8'E

74

7 Ny

Cl

23

FBLE

Ferz

=001

=ggg
“80'2
=101

=86'0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10 05

1.5

10.5

1.5

1 (ppm)

9.5 LL—

oLe'te—
9Le'9e—

£89'9

000 2Lf
gleid
0izres
8,768~

990'cgt
5S¢0 vme
pl 82l
PeZ mNﬁW
gL' LEL
8]5]74 mmﬁM
286'LEl

BLE 8P~
96 6L~

74

7 Ny

Cl

23

-10

180 170 160 150 140 130 120 110 100 9 80 70 B0 50 40 30 20 10
1 {(ppm)

190

S124



0okh
8Ll
bakt
9.6k
PE6 |
gz
5107
250
PE0T
05027
8907

m.\.mm
mmm mv
L0y

822 L7
zZeT L]
9T’ L1
9rZ L1
597 L
8z L
962 L1
leL
Ve L]
%E%
Zht L]

15t L
Siv
96
elgs]
0zt L
ges L

_—

<

FSZe

Faze

=001

628
TELE
=960
=0l

10 05 00 -05

15

40 35 30 25 20

1 (ppm)

80 75 70 65 60 55 50 45

95 90 85

105

15

bAb—

658~
GZ00E"

€895
00022
BIELL
75787

£e0'06—

PLITZ)
958 zzIL
LT~
€58 24—
612 mmﬁ
229154

vEP gl M

SLeLrL—

0EL65L—

-10

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

190

S125



FZLE

|J =004

= Feoe|

= Feg't

95 90 85 80 75

-0.5

10 05 00

15

40 35 30 25 20

50 45
1 (ppm)

55

70 65 60

10.5

1.5

168 kL —

#58'82—
apl'ye—

£89°6L,
00022
BLE 4L
er0es’

9L5'06—

968 121y

mE.,mmj
.\.wo,mmfﬂ

sz9ezl
€98 R@
Wz vEL

Wzl

oLz mmiﬁﬁ
969151 \ﬁ
666551

Rm,hmi\
LOB 0L

10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

90

S126



w
re
o
[ o
o 8Ly Ll —
Ll
£ _</ gag o
i :
- 0zd ~ 98162~
0z | - e 569627
9Z9'L L Zrezes
629 L 89598
by | | @
(o]
shle %
Zehe _ e
wi,mw i - E W
'y
soLe M
)
=t
| w
N 789 9L,
=B 00022
mwm m/ rae Lie Ll
2 - = 89628
ize’s ¥ - e o
47808 ~ L = Q0 £88'L6—
SLLG &
p5iG M@
w
=]
95Z'L7
04214 | o
=
WMM@ = \ﬂ e
momf\ |~ Z50VZLy
Liv & BLEPTL
ger L M 887 LT} 7
vl 8zl
Lo 955 LEL
— LS S9EZHL—
- w
/ [ o
\o i
N
o
]

-10

10

20

30

40

50

60

70

80
f1 (ppm)
S127

150 140 130 120 110 100 90

160

170




8060
wwm,ow
mwmf
oca |
peg |
Gig )
758 %
We

zoz'e
pLZE
ZeZ'e

0Ze'e
68LE—

¥Z891
08891
S8 91
158'0
726'91
7169
156'9
%EW
08l LA

00T L~
%N,ﬁw
16T 1

9L L4
55¢ 4
pLE L
788 ¢
087 L]
o L]
LovL

=00E

Fsie

Fose

=/0€

190k
4050

=660

»8l}
861
k'l

Loreg

55 50 45 40 35 30 25 20

f1 (ppm)

10 05 00 05

15

6.0

95 90 85 80 75 70 65

10.5

11.5

PegLL—

L0L'92—

BELAC
mmw,\.mv

05Z'55—

28994
ooo,.\.&H
8LE LY
zoc'zs

zvgigs

S5 P~
8059}
pST YL
695 b1
£S5 L2) T
Zpo8e
Zhl 67,
98452
PG ErL—

891’851 —

8LL0LL—

OMe

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

S128



85047
890'L7
B0Z L
L2 L
1ZzL

822 L
09Z'L
18T L
90¢ L
59¢ L]
Lig e
08¢ L
9zv L
S ¢
oy L]

f

|

Il

S

1.0 05 00

-0.5

55 50 45 40 35 30 25 20 15
f1 (ppm)

95 90 85 80 75 70 65 60

10.5

1.5

648'LL—

vl 8g—

BLLLE
6y8 hm“v»

£89'6L
000 4L

BLELL
Sep AL
Siz ie—

\Wwe'zzl
506 ¥ZL |
905 24}
PEOBZL,
plesel

mE,mNT\
Looel

955 £k —

erL0Ll—

210 200

-10

10

20

180 170 160 4150 140 130 120 110 100 90 80 70
f1 (ppm)

190

S129



[T
Lz Fv
Pl Z

8947

9.0

paLz

88LZ

LBLE

208’z

5982
ci8z
1882
1682
6687
P067
gLz
0Z6'Z
pGe'Z
zZoz L
L0zl
ZLZ L
9zl
£zZT'L
BZZ L
gezL
LT L]
8rz L1
p5Z L]
792 L
592 L
zLT L
82 L
ez -
892 L
G667 L
90¢ L
Vze ]
szeL
8eel
ere L
L5EL
85EL
z9g'L

Ii

— —

=G0'E

Feus

35 30 25 20 15 10 05 00 05

4.0

50 45
f1 (ppm)

90 85 80 75 70 65 60 55

95

105

855 02—

9458T—

551 Er—

mmm,mn
DDD,\..‘.W
8Le L

me,_‘m\

S50'vE—

omm,m@
192 521,
9lG izl
L2192V
8E€ 671
zaviel

566551 —

10

20

170 160 150 140 130 120 110 100 90 80 70 80 50 40
f1 (ppm)

180

S130



P51
wmm,rv.

Lob v
8l qu
9Et 7
Bk ¥
860'L
ShhL
LibL
Zebd
9g) LT
00Z'L
16711
0841
608 L
LhE L
pieLf
BLe L
zze L]
gee 'L
[ROFE
15821
095 21
LpbL
g5h'L
Z9b L
98k,
B9F'L
ZiyL
LE5°L
ObS'L
1581
0954
6L L]
8644
884l
AV

=Zl'E

=00t

+€0'}
wlhp
€07
ook
=660

10 05 00 -05

15

80 75 70 65 60 55 50 45 40 35 30 25 20

95 90 85

105

1.5

1 (ppm)

0L0€Z—

55e¢e—

£89'9L
ooo.t.\
mfm.\..‘.\.
9zs'ee

L08'L6—

886'2Z1

POS' €l
Z.l8L2l
£88.Lgl
LlZ'8el
s0e8gk
9LL mme
9z9'LEL
okecel
oovepl—

Lk b i

-10

180 170 160 150 140 130 120 10 100 90 8 70 6O 50 40 30 20 10
f1 (ppm)

190

S131



oLl
vmfew ey = Foze

D
eS|
aes vv e Feze
£ag'l

gLz

EOLE

il

266
6.6 mw T — F0

Pee'€

pSlL
palL
86L°L
80T L
617 L1
627 L1
0¥Z L1
09Z L+
182 LA ~ J
98zl —0— — - 4

P

P6Z L
867 L
60T L1

0Z¢ L
2Er L
8et L
9t L
LSF L

L95°L
5852

10 05 00 -05

15

20

e

55 50 45 40 35 30
1 (ppm)

90 85 80 75 70 65 60

95

10.5

9LLEL—

gez'el—

£800E—
£8P 9E—

789°8L
00044

e
oo ze’

6816

80z'9g!
9.5'9Z1-
mwm,hmf%
Z9l'8zl
LY Dmf._:‘
L9 LeL
L08'¥EL
vz orl

0z6 mwf/

-10

40 30 20 10

50

170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

180

S132



MeQ,

e |

=ie

FoLe

0oL
n”_.mm

S0
S8l
Xorz

=661

0.5

0.0

10 05

15

30 25 20

60 55 50 45 40 35
1 (ppm)

95 90 85 80 75 70 65

10.5

9L b —

PP LE—

8Z6'6E—

SP0'es—

289'9L
oao.mhw
Ledd
mhw.mw\
PP 06—

88y €21
£09'4Z47|
EEEW
pez'8z.

vze'szL

88.'6ZL
aze' el

WL LpL—

Pe6'99L —

vy

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 {(ppm)

190

S133



1201
BEC |
t

£

elgL
8lg 'l
1eg'L
Pee 't

058’}
258'L
898}~

0ZL'E
LELE
85.°¢
96L'¢

S

5589
£98'9
8599
0889
peg'g

269 91
HZ Lo
9.7 1
qmm.\.%
667 L~k ~
9Les
1884
SYEL
izrd
2er L
Ovb L
zry'L
V5t L

-

60E

Fone

oo
ﬂmmm

el

FEE'p
b=l

15 10 05 00 05

30 25 20

50 45 40 35

1 (ppm)

60 55

95 90 85 80 75 70 65

10.5

11.5

Z8L L —

0L1e—

€0L'6E—

L9T'85—

£89'9L,
o0o'iLf
gLe L

cilee”

808'L6—

peLELL—

068'SzL
c9 121
v} '8zl
Ewwﬁ.\\
Pho el
5E)vEL

SPE8sL—

140

-10

120 10 100 90 80 70 B0 50 40 30 20 10
1 (ppm)

130

180 170 160

90

S134



vmmev

z8s5'l

B6Z'C—

0Ly

8e0'L
Sv0'L
0502
180'L
9802
€402
652 L1
£47 11
Z82 L1
882 L
962 L
867 1]
50844
g0 L
Ly L]
ZTr L
82y L]
9cr L

L56'C
5.6'C
£66'C

S —

Py L
Loyl
Sov'L
iYL

—EL'E

=50'E

Rarii}

=00'e

= 6T
=80

95

05

15 10 05 00

60 55 50 45 40 35 30 25 20

70 65

90 85 80 75

105

f1 (ppm)

Lzl'e—
ey —

§56'Le—

£89'9L

UUUTZL
BLELL
06578’

SLE'CE—

8ES Lk
mmm,mmﬁﬁ
sog'.el
hmm,.\.wfw.
e0z'8gLr
oLgLel

LT8Ok —

SLEEYLI—

LL5'69—

-10

40 30 20 10

50

170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

180

S135



LIS b
565 L7

P66 Cn
ZL0Py
020t
L0y

9gz'L
'L
e5zL
09Z'L1
867 1
908 £
PLe L1
Ly iy
pep L

mmz\__"
ot L

=T
al5
5262
625 L
7052
mqmi
€854

=lE'E

Foot

€L¢
—E6'C

2 E
m,qmv

“96°L

10.5

10 05 00 -05

15

25 20

45 40 35 30

50
1 (ppm)

55

85 80 75 70 65 60

9.0

95

0LEPE—

SLE'LE—

£89'9L

(8]}
8lELL
651

SZELE—

a8z el
ekl LLL
188 omﬁ/
m.\.m,_‘mﬁk
gez'eel
wﬁw,wmrw
Elgsj=ra8
LLT8C) I
Z6L mmf.Lﬁ
L09'LEL

pPeerl—
ez 8yl —

130 120 110 100 90 80 70 80 50 40 30 20 10
1 (ppm)

140

170 160

180

S136



-72.833

-130

-150

-170

-190

-210

-40 50 60 -70 -80 -90
f1(p

pm)

-110

S137



Gk &
08LZ
S6LT
£0Z 21
8lZT
5227
pS5T
9957
€52
857
585°C
7652
1652
P09z
Zi6T
FANHA
pS6T
BB
V86 7
600°€f
aloe
S50°€

9LL'P
LB wv
gL'y

iirJ

/

8l
Z0zL
BIZL
722 11
1521
55z L1
9z L
04T 47
971 r _
€82 i —=
ezl

62 L]
80Y L
Ly
zev i

0Er L]
L L
ooyl

LivL

i
Epy

B
(A

o0

Forz
FSEE

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10 05 00 -05

1.5

f1 (ppm)

10.5

1.5

915 1E~
0 veE—
9L8'9g-"

£89'9L

ooo,hr&
m_‘m,nn\
ros'Le

BZG 16—

BEL €Tl
LBZ ¥ZL

Bb vzl

LIg9Zh~
g0 R%
mmm,RJ\
891 gzl

899 1LY
896Zr
zhgerl

Il

37

-10

10

20

80 70 60 50 40

f1 (ppm)

90

160 150 140 130

170

S138



p0g |
gk
algl
pz8 |
cegl
5861
g6 |
966 |
800¢C
L1027
920Z
62071
eP0Z
P50z
1902
6907
902
1802
.‘.E,N%
5912
0LLZ
PLLT
z8l'z
8812
9Lz
Lz
8027
5642
018z

088z
1r8e
5082
L66E
Lo
00t
6LOL
mmob
00} 24
zel L
IR
EEIWE
mti
8LL'L
z8lL
961
€5z L
85z L
bz L
(WAl
9z L
98z L
0oY' L
9% L
Pl L
Szv L]
1281
el
8rs L

l

Fel)
Teee
Fab'lh

Fezz

00

95 90 85 80 75 70 65 60 55 50 45 40 35

10 05 00 05

15

30 25 20

f1 (ppm)

105

1.5

LECLE—

8LL'BZ~,
Z6Z 08—
Leoees

289'8L
GQG,RW
LIELL
mvw,_‘m\

LZ0es—

geg'edl
156 mmj_
0g59gL
9192l
pel mmfw
L60 mmﬁ&.
wv_‘,mmf\
LZ9 _\m:x
pez otk
z6Z 9EL!

®

V4

38

-~

-10

30 20

60 40

80

1 (ppm)

100

160 150 140 130

170

S139



®o0e

M Feoe

=Z6'E
) B

|
L.
e i pions
Len g
e e

90 85 80 75 70 65

-0.5

1.0 05 00

1.5

60 55 50 45 40 35 30 25 20
1 (ppm)

95

10.5

LG8 L —

8e9'Le—

0E6'6E—

SPZ'S5—

£89'9L
00024
IR
orzeas

8Le'L6—

VBT b~
ELrs
179 mm;
LE§LZLE
80b'8zLF
8zz 6zl

LE6'LPL—

G5Z'651—

-10

40 30 20 10

50

180 170 160 150 140 130 120 110 100 90 80 70
1 {(ppm)

190

S140



00k
8% |
861
L¥8 L
8r8 |
LG8}
098 Hr
L£98'}
GL8' L
peez”

B85L°C
mhh,mwn
peL'e

880'L
oLt

pLT'L

LT L
022 L
0£Z' L1
557'L
ove LA
PYT L
06Z L
262 L
157 1
0kE LA
phe L
0ge L
05¢'L
Sop'L
90 L
pzv L
vl

e =

|
[

e

Fore

=l0€e

=001

L
858
pRo
75

45 35 25 5 05 -0.5

55
1 (ppm)

65

105 95 85

15

Zre Ll —
PoFLZ—

60L1E—

9pe'ee—

€B9GLN,
00022
8lELL

caeea””

9L9'06—

PZLOZL A,
115921

DA AR\S
99¢'8zL T
£z6 mmé
88y LeL,
699 LE)

pel ezl

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
1 (ppm)

90

S141



Sco'L
er0 rv

kgt
avg'l
158')
Z9g'l
98 1
5.8'1
088’}
869 |-

L8lC

8zz L
LeZL
awz L
52 L1
09z L1
9z L
287 1
ezl
8.7 1
LIEL
9¢¢ 2
pee'L
LT LT
5821
9gg' L
pOv' L
Lov'L

Z5L'¢
0LL mww

EilE

AIL Feze

e 00}

ELE
—=== fgs|

85 75 65 55 45 35 25 1.5 0.5 05
1 (ppm)

95

10.5

LE8' L —

PeES'LE—

L968'6E—

mmmmh
SG.RW
8leLL
rzzg’

£95°¢6—

SLEZTL
Sz9z1n)
96 LZL

£S5 8L~
1878zl
9ggzelf
LPYEEL-

Sy bl —

10

180 170 160 150 140 130 120 110 100 90 80 70 BO 50 40 30 20 10
1 (ppm)

190

S142



620'k
L0 vw _—

el
8L
058’k
858 |
998'}-
208’}
a8t
g -

85.L°C
mh\.,mw
pPeLE

961 'L
Szl
gez’L
vz L
052 41
5521
897 L
(WEAR
5.7 41
0g L
L0211
L Lo
1Zg L
5ZE L
6z¢'L]
LegL
ope 2
pGe' L
BSe i
peg L
988 L
20k L
L0bL
0Eb'L
el L
gEr L

=00}

rEPE
~ZZE
16

50 45 40 35 30 25

80 75 70 65 B0 55

105

10 05 00 -05

15

20

95 90 85

1 (ppm)

Zeg bl —

FLELE—

6Z6'6E—

[al=RerAR]
£6L'92)
06k L2)
786421
WA g
96T BT L~E
%ENQ
875 LEL
9B6'2E)
029 bpL—

90
1 (ppm)

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 10 100

190

S143



040+
s
1981
pes |
588 | —_—
006

206

906 |

8LE |

9¢6 |

0pg'ey
558°C .
658'C

5.8'¢
85l 'L
zol'l
9Ll
08141
BBLL
6141
S61°L
86 L1
80741
gLz L1
1z2 1
LEZ' LA
ShT iy ——
A e —
19z L
ez L
7281
L7e L
55¢ 2
65¢'. ]
8lEL
o
pag'L
965 'L
Lov L
SpbL
L5FL
e
eir'L
9Lt L
08k L

AL

ElE

Fere

=00k

L
Hoo
pEgh

10 05 00 -05

1.5

50 45 40 35 30 25 20
1 (ppm)

90 85 80 75 70 65 60 55

95

105

9LL L —

Z69'Le—

BLL0P—

£89°9L
00024+
EE&.
57208

LZ0° L6

198'5Z 1
267 921
109921\
908 L2}~
60 67
169'8ZL
er) 6eL
967861
CoR e L
09 b7

10

30 20 10

40

170 180 150 140 130 120 110 100 90 80 70 6D
1 (ppm)

180

S144



Lzt
90 FW
Bt
8ve |
8se |
7eg |
e
alg'l
ceg 't
5681
1oE'L

85.°C
pLL mv
26L'C

9l'L
9514
9ll'L
622 L
FAX AN
A
pre L
05zt
55211
P9z L
897'L1
VLT LT
12E LA
oe Lo
BPe Lk
A iy
85¢ L]
89¢ L1
122 1
pigL]
g8g L]
Lab L
pOF L
BLF L
lzvL
pra )
9zr L
165 'L
565'L
665 L

||J F/LE

HHHM Erie

e =001

‘II

| I‘ |
L)
HGRE8
Co——
80 75 70

10 05 00

50 45 40 35 30 25

1 (ppm)

0.5

1.5

20

65 60 55

95 90 85

10.5

15

peg Ll —

605'LE—

0e6'ee—

7899,
So.tw
LElL

sea1a’

£50'€6—

L00ZZLT
128624y
151921
L8V LZL
ZLYET)
BLYBTLE
98108 -f
598061
:EQQ\
SL9 bl —

S

TP

40

80 70 60 50 40 30 20 10

1 (ppm)

170 160 150 140 130 120 110 100 90

180

S145



0.5

05

| = L8l —
B — et

w
SHe'L [ = Z65'Le—
5581 —_ Fere|
Lag' L0665 —
98’1 o
b8l M
0881
868 1 -
i
BiL'€ Mo
99,6 —_ =00}
p8LT -
mmmm i £89'9L
] < 000°22L
896'9 )
8lEiL
6468 - cezza’
86'g =
wwmw L %W 00L'L6—
900 L1 -
1oL
Lze L -
0£2'L1 & uEEl
a2 h4_. 867541
SPT L E— wE0C [
ey . T EPB LI
— e 886l
sz — —— —— Xorl @
oy Mo S8Rl
o 205121~
Eacl - veraz”
907’/
it pLECEL-
= Fa S5 EEl
oce . 038 vl —
55¢'L I
Z68'L
pee L F e
868 L
: | 226 091~
i 2689l —
ZhrL @
V2L L&
6zt L =
pEp'L |
Vb L
| @

10

30 20 10

40

60

70

180 170 160 150 140 130 120 110 100 90 80
1 (ppm)
S146

180




-112 068

-10

20 -30 40 50 60 -70 80 -90 -100

1 (ppm)

S147

-120

140

-160

-180

-200



LE0'L
5501
t

IoR

L0B'L
m;m,J
616}

Sh8'¢

5672
8EZ .
prz'L
1522
957 L1
192 L1
042 11
e
LT
97% L
25t L]
v L]
85t L
pog L
Z6E L
60t L]
e L]
9l5'.
£es .
BES L
295'L

X

7
098l
9981
681
zeg'l
168}

BLLE
L6L mW

Ep2E

Foze

=00

50 45 40 35

1 (ppm)

15 10 05 00 05

30 25 20

70 65 60 55

90 85 80 75

9:5

115

geB' L —

SiFLE—

8868’68 —

£899Ln
000°22
BLELL
zal'ze’

ok
96067
Pl 6211
LV ezl
1SE'ST 1
17852,
Ver Lzl
289 1211
998 L7 )1
£156T4
8¢ 62)-F
159 @N@
poE 1

88y Lyl —

ha i

-10

30 20 10

40

160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

170

S148



—B62.731

-40 50 80 Y0 80 -90 -100

1 (ppm)

S149

-120

140

-160

-180

-200



0g0'L
8y0'L
290}
0eg'L

Sha')\
B8 |
£08' |
Log'}
ze8' |
206'}
026 |
g6

peL'E
Em,mW
6L8'C

SPE 11
872 L
552 /1
z8z .
547 L1
082,
£82 L
8z% L
198 L]
59 L
94 1
pBE L
168 L]
86t L]
0252
695 L
085 .

|Iu i

|..|L Eibe

—=a . E00'1

0.5

10 05 00

1.5

20

40 35 30 25

50 45

1 (ppm)

80 75 70 65 60 55

95 90 85

105

1.5

8z8’ Ll —

Z5e'1e—

6E00F—

289'9L
ooo.hnW
tw.mht\
£96'le

#09'96—

9g0 L —

mmm,mﬁl
Nwim;r
PG 824t
06151

oLbesi”

88l lyl—

-10

170 160 150 140 130 120 10 100 90 8 70 60 50 40 30 20 10
1 (ppm)

180

S150



DLCHRY
Nmaéﬂ f
080k
aee’l
PS8l
1581
L8l
068l
606’k
LZ6'L
Se' L

B6.L%
slae
gege”

R LT
557 L
1872
9.7l
BLZL
lEE L
052
B9ETL
CEYE
bl
glvL
ALY}
265 L
zZ08'L
£28L

066'6—

I

|

o]
I
8]

Eal'e

Febz|

=00

L
Loy i ]
SEd=g
P R

=860

-0.5

0.5

6.5 55 45 35 25 15
f1 {(ppm)

75

1.5 105

125

Sp8LL—

ZEPLe—

Z60'0p—

ce99L
000 24F
glg L

569787

90Z'96—

158921
8L 12l
£25'62L—
el 6zl
pez OeLf
vLizeL]
b Sl
poe byl

ey L6l —

Pt

s

10

200 190 180 170 160 150 140 130 120 110 ﬁ1(00 )90 80 70 60 50 40 30 20 10
ppm

"0

S151



BE0'k
L4501
g |
198k
998'L
0gg'l
£88'l
868l
108"k
916l
0ze'L

98.'¢
p08'c
Lz8'e

BLOT
69Z'L
€Lzl
9.zl
9ze'L
Zre'l
ape'L
Pote’L
96¢°L
piyL
LiVL
Gay'L
687 L
Z05'L
9058'L

986'L
L95'L
EL5'L
8.6'L

]

/

1
1
1

g

B

w

FE0E

Fore

=00}

“pOE L

50 45 40

90 85 80 75 70 65 60 55

10 05 00 -05

15

35 30 25 20

9.5

f1 (ppm)

el —

L8PLE—

Z250°0p—

G515 —

7899,
aoo_tw
Ll

apize’

' VE—

881821

mmiﬁ
omv,mm%
sLyezl
LE0'BTL
sec ezt
855 1L
G bk —

159991 —

-10

180 170 160 150 140 130 120 MO 100 90 80 70 60 50 40 30 20 10
f1 {(ppm)

190

S152



€90 by
250 1>
QA0 L

S I

F 80

N,

ghel
zag |
gog'L
89g |
z98 )
g
006 1
5061

£LLE
0BL'E
B0S'c

LT L
zTT L
5zT L
562 L1
0re L1
5L
052 L
5621
852 .-
192'L
ShE L
58 L
ave L
£5€ L
Zov ¢
0z L]
9zy L
9t L
0zLL
Ovi'L

My

=0

E 8079

bl

e

95 90 85 80 75

I
Il,nl
L

@ oo

GEIE T

1.0 05 00

50 45 40 35 30 25 20

1 (ppm)

-05

15

70 65 60 55

10.5

1.5

ove’ Ll —

58 vE—

09Le—

SZ00k—

£89'9L
occ.\.hW
aleis
P58
mhm.mw\

SPE'CE—

885921
559874
BES'IZL 7
pLyazLY
gleosLdr
sivpeLd
198 L —

-10

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
1 {(ppm)

180

S153



o
M
=
=]
& pea L —
Mo
820’k ) b
T - . EQUE[ «
il
Em,L - oFs'Le—
cog'} ey = Falz| o
ety o £Z00p—
088 L
589t Lo
06|
L <
ggle— b — =ggo| ™
L w
69L°€ o
wm»mw — — 0L
s [ 789'9.
00044
|2 LIS LLT
hmwmhﬁ
Lo v99z8
5W zreee’
92z L Foz ozes—
6221
652'L | o
LT L7 ©
2oe ] o
1 ©
S92 L1
9LE LA B L0812
568 L L _ s mhmvmfé
Ty .|||||||||hunmmmm el o 924 9Th\
2 o9~ eogizl-t
PG L il
TLE L - eGv'azl
8.¢L1 __ [ o 8IS IEL
DR 8LELEL
pee L] Fe Blikbl—
Sov L B
\Zy L | L2
Lzvl ~
| w
[=2]
|-
N .m
| @

10

20

30

40

50

60

70

80

90
S154

120 110 100
1 (ppm)

130

140

160

170

180

30



|
!

Fa0e

ooz

=00k
A

vEDT
il

rmom

"o80 |

10 05 00

40 35 30 25 20

55 50 45

1 (ppm)

0.5

15

95 90 85 80 75 70 B5 60

10.5

€68 L —

CLLLE—

7S0'0F—

6LE'55—

mmm.mhw
000 4L
8L i
L9ies”

ez0'lE—

89L50L—

95.L8LL~,

|\.
mwmm&/
595 171
OLP &zl
ZeL 6zt
sleezl

Libgyl—

SE0'85L—

OMe

a0
1 (ppm)

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100

30

S155



850'L
L8y
leel
osg'L
sve'l
6781
pog'L
zegl
V06’
LLEL

pLeE
BE6 9
1769
1569
0969
LaLs
9Ll
0LV
ZiLL
g8l
88l L1
86l L1
00Z L1
872 L7
87z L
ZeT i
VT L
9vz L
552 /1
09Z L1
gz 2
897 /1
5L
lzeL
EET L
1851
SpeL
0sgL
g5l
085 L
88 L
965 L
oY £

LZo'L
620 _‘W -

6LL¢C
hmh,mW

poF' L

—

EGLE

Foke

=001

50 45 40 35
1 (ppm)

60 55

10 05 00 -05

1.5

20

30 25

65

7.0

95 90 85 80 75

105

15

888 —

8iFLe—

eleor—

GGE'9L
z89'9L
000 RM
Vel

LZPS6—

z.i8¢ell

551 mm;
LZL mmﬁv
€8L9ZLF
9c5 ek
mwv,mm:_
ZeT' el

L1657l —

)

53

-10

170 180 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 {(ppm)

180

S156



w
r e
o]
=
| B8 L —
(=]
ZZ0'L
o&:w _— Favel 2
ol i 6951
68 1 o .
Bes | —_— - Farz| o
158} FS —
559 1
0.8’ | =
€81 o
888’} &
768 1 Mo
w
epLE Lo
8L mw - et B
BLLE g Z89°91
00044~
Lo tm.t..\\ﬁ
_oezee
L &8
Lob'L e 60—
g0L'L | o=
gL w
okl -
9Lz L] . &
6Lz L
9zz'L w
e [ C  ouzzl
BET Ly BEE VT L
SFZ L pses JEOF 2 mvmmmﬁz
152 L e — ~ Zole ,

iE == Ene|, ms
852 L7 “loef 078 LT}
BST L 20 8gl \
0LE' L] Lo 590°0€L!
6281 @

i) . 26 Lol —
o ™ & ™
mwmh% / i /i
68E'L ~ ~
Z6€'L =
B0 L ki
Zi L _ _ <t | v _ _ <r

P! o P!
rﬂ,
e

10

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70
1 (ppm)
S157

180

190



BE0'}
8501 ——

901/
£E8 1
8rg'|
158}
988’}
588’}
¥06'|
Zz6'|
526 |-

TR
208 mw
0z8'c

0Lz'L
2z L
6z L
'L
BGZ L
LTt
0ge'L
BYE L
ZoeL
9% L
6E L1
AR
e
204 L7
BOL L

IR
£2L'L
gzL L]
zes L
5058~
099'8—

@_1[_

Feee

Foze

=001

55 50 45 40 35 30 25 20

1 (ppm)

95 90 85

10 05 00 -05

1.5

6.0

80 75 70 65

105

115

peg’ Ll —

e LE—

0L00P—

mmw.wh
occ.nnW
tm.hn\
Loooe

bLL'SE—

325
968 27
B28°6ZL,
LY LTV
asazt

9z5'8cL~
Ler il
680’87k~
05EZ6h~,

10

20 10

30

170 160 150 140 130 120 MO0 100 90 80 70 60
1 (ppm)

180

S158



FU0E

EEEE

=001

40 35 30 25 20 15 10 05 00 05

45

95 90 85 80 75 70 65

105

1.5

Pre L —

£05'Le—

8L ar—

78994
00022
8LELL
8876L

€L 10—

mwhmmﬁ
Z00 mmL
856'921

9E0' LT LA
66v LEL

oLhgzl—-
[e13:] mmf\\y
LELBTL

9EE0EL!
PEL LFL-T
BED 8Ly
Q0L 6FL~

-10

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

90

S159



2291
SPe'lL

0z0 w,/
8E0'%~
wmo,ww
pLO'w

5190
988'9
P9
05z L
L9zl
98z L
ove' L
B85S L
LiEL
SevL
26t 14
zzla—
£l58
165 mV

—_

=30

)

=00t

— =86'0
e

860

—
) | o'l
‘ﬂ Finel
|

—— =z0'}

68 55

95 90 85 80 75 70 65

00 -05

10 05

15

50 45 40 35 30 25 20

1 (ppm)

10.5

11.5

LLDET—

ogpee—

mmm.mhwz
000'LL
mﬁm.\.h“
608

LL6'8s
oqw.\.mv

869 01—

LL89TL~,
2669217
689821

(A deled
180 bl
ZerErl—
L8557l
zsoapL”

e

-

190

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180

S160



1209
£80'8
L80 mv
2609
1600
5072
mmwhw
vz L
09z L
967 L
gheL
8ze L
£eE L
)
plgs)

——

=LE

F&Zy
g
02'e
6l'e

&0

=00

50 45 40 35 30 25 20

1 (ppm)

95 90 85

1.0 05 00 -05

15

60 55

80 75 70 B5

105

H.5

88l Ll —

2512,
€82
PS5 5z
56562
poiLes

gle'ee—

289'9L
ooo.\.hW
LIELL
Z5L'68—
Z5¢'88—

pZ6 02~
8rr ozl

SRS
8z 8z
975 £EL

06eerl—

-10

180 170 160 150 140 130 120 110 100 90 8 70 BO 50 40 30 20 10
1 {(ppm)

180

S161



0.6'0
686'0
2001
0zZ'l
aze'l
L2821
A

552Z'1
€9z’

9.}
98L'L
08’
Zz8' |

gEE L,

009'c
812'C
LE9'EA
P52'€

Iple
05L°€
85L°C
L9L°¢

SLLE
egL'e”

Pres—

el
LTT LA
Pre L
09z'L
LBEZ'L
LE L
8z L
SPeL

—

B

OEt

OEt

59

Fsoe
Eig

ooz

=pE'0

95 90 85 80 75 70 65 60 55

10 05

1.5

20

50 45 40 35 30 25

1 (ppm)

105

11.5

0eL b —
880’51 —

Log'Le—

£LZee—

168509
mmm.omv

£59°9CL
Lo¥' L2 ﬁﬂ
Pl

LEZIPL—

OEt

OEt

59

-10

10

20

130 120 110 100 90 80 70 60 50 40
1 (ppm)

140

180 170 160

190

S162



B0Z L
\zz7'L
EZ'L
Pz L
7521
L5ZL
zoz' L
267 L
008 L
9lgL
9z¢'L”

=ZlE

Fal'z
=Z0'E

=001

=002

AN
wmcv r

55 50 45 40 35

75 70 65

15 10 05 00 -05

30 25 20

1 (ppm)

6.0

95 90 85 80

10.5

0L LL—
L6L°02—
Sze'le—

6EL'6e—

88L'cs—

789'9L
ooo.\.hv
8LELL

08.'88—

OLLggl
omw,hmﬁw
ooy'aclh

9eL Il —

LLE0LL—

OAc

60

10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 {ppm)

190

S163



1ge'0
088 o/

eEf
oLl
_.E.,_.V
L8L'L
Dmm,N/
525C
wmm,mv.

mmm,m/
555 m%
£L5'C
L0L°E
ZTl'e
9ELE

Zhe'ly
62Z LA
SvZL
08Z'L
867 L
LLEL
pES'L
05g'L

OH

61

i

40 35 30 25

N

e

Ele
G0

Fioe

10 05 00 -05

1.5

20

4.5

50
1 (ppm)

90 85 80 75 70 65 60 55

95

1.5

€08’ LL—

L5EeE—
8e9'Le—

18868

09e'19—

Nmm.mh
ooo.nhv
tm.\.ha‘.
wa.mh\.
_‘Q.;qm

£55'921
85¢'LC fW
£5¢'82L

gz erl—

OH

61

psalA

Lt 0

10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180

S164



60L'L

680'L
\

09zZ'L
E.N,hw.

L6z L

TMS

62

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
1 (ppm)

80 75

90 85

95

10.5

ZLL0—

18eze
Ew.mmw
L99've

502'05—
paeee’

LZ0Sh—

£89°8Ln
ooo.\.hﬂ
8LeLL

86'68—

L8L60L—

625921~
9Ll —

LLEBEL,
80Z OFL~

-10

10

20

30

40

50

60

70

80

90
S165

™S
140 130 120 110 100
1 (ppm)

150

62
160

170

180

30



62’

lg

=l0€E
oot

=160
FE0'E

oot

=561
=6l

95 90 85

10.5

05 00 -05

1.0

1.5

25 20

30

50 45 40 35

1 (ppm)

60 55

80 75 70 65

PICCL~
ElAA
L6L'0E~
ooE'Le"

LOO'SP—

998'69+,
Z289'9L
ooo.hhw
8LELL

Slpig—

Zo¥'9Cl —~
89z 6glL—

Syeecl
vmﬁovﬁv

62’

10

180 170 160 150 140 130 120 110 100 90 80 Y0 60 50 40 30 20 10
1 (ppm)

190

S166



zes'o
056'0
6960
G929’
£89')
LOL'L
BLLL
Le01
0sg'L

zev'e
BPY'E
pov'e
68L°¢C

9€8'9
L58'9
ove'L
95z'L
L9Z'L

N

7

1

X

7

wflJ

63

MeO

File

ol

5=
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

Py
o

E00'L
=0€E

el

=852

1.0 05 00 -05

15

1 (ppm)

10.5

1.5

9z9c—

864" L —

£eLle—

185'86—

052'55—

z89'8L
ooo.tw
LeLid
mmo.mh\
z60'L8

S99°€LL—

85¢'8CL—
298'Pel—

LoL'85L—

63

MeO

180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10
1 {(ppm)

190

S167



G511
Zle _‘W
0gz'l
ommev
Pe8 ¢
8992+
B0L'ZA
BZLE
ElA mw
L9L'Z
190
L6077
20l
Skl %
vzl
eel'y
Zrl'y

9ll'5—

€269
PS6'9
09g'L
Z8Z LA
ELEL
[FA-4'8
omv,_\.V
9rs'L
Pas'L
€59'L
969 L-

=pZE

=o0E

Feze

=00e

=151
ok

.»mem_‘

=Ch b

Al
Lpip

85 80

10 05 00 -05

1.5

35 30 25 20

50 45 40

f1 (ppm)

75 70 65 60 55

90

95

SLy'Z9-—

\....

EtO,C

64

O@

20 -30 40 50 B0 -70 80 -0 100 -10 -120 -130 140 150 160
f1 (ppm)

-10

10

S168



5280
£re DW
5889,
pigL
069 |
802 |
924’1
£ps |
1oLt
BLL

189'E7
669'24
i0e
e
s7.€
epLed

128G
88 mw
918G
96’9
5z§ mV
9949~
veL o
1649
bZ78'9-
£p8 9
SLL'L
2614
802 ¢
8zz L]
pez L
ave L
L6 L
80 L
8zeL

=ooe

Feze

080
wm_.mm

00t

60
{1:08
M_‘D_‘

~ZE'Y
W..m— 4

-0.5

10 05 00

15

50 45 40 35 30 25 20

f1 (ppm)

70 65 60 55

80 75

85

95 90

10.5

1.5

s

0L 0e—

G Sr—

gLl g5—

£89'9L
ooo,\.nv
BLELL

WS ZhA
088'24L
622124
9505211
e LTht
12582
9188zl
81062/
9r0 9%,
pLEBE)
00z 57k

LOEBS L —

-10

10

20

40

50

110 100 90 80
f1 (ppm)

120

180 170

180

S169



orL0
8540
L0
5851
2551
8951
£85')
LB5 |
8081 |
09911
PLS)
81917
N%,TW
B0L b~
LA
9z 1
JEERE
L9}
2481
88’} |
068 1
L06')
cLE'L

BZ6'- B

Zre'l
LG}
zse'l
Pag'l
0461
€86l
£66 1
666'1
PO0E:
LL0E
LOF'ZH
80r'e
rv'e
0er'e
arv'e
=g J ===

Zore
SV
0L4'€
Z59'9
LB9'9
969'9
A7)
prl'L
e5L'L
PaL'L
LLL'L
€8L'L
66L'L
8Lzl
§eZ'L
88z'L
L0€"LA
GZEL

A

A

30 25

FoEe

Tzl
el

Fuae

Feoe

=pEC

50 45

f1 (ppm)

80 75

15 10 05 00 -05

20

40 35

5.5

70 65 60

90 85

LB0CL—

opeez—
Gi8EE—
50082~

LZE L —

L80SG—

wa,mn/
DDD,E.N
gLeLL

98 0k,
IIIEN
882 0Z)

S06'GT 1
5284217
z9z 8zl

&bl 6z

PEEPTL~
[Pl

825651 —

OMe

66

-10

180 170 160 150 140 130 120 440 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S170



1182
PES'Z,
76T
5952
0852
1667
€09

88797
pOg'9
12E'9
1789
ere'g
09E'9
8LV 97
Blg 9!
6L L
0Lz L
mmwﬁﬁ
09z L4
197 11
Z.Z L
8z 1
€08 2]
zZee L
9% L
58%'L
0B% £
86% .
B0 .

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25

10 05 00 -05

15

20

1 (ppm)

10.5

1.5

L5L6L—

pEece—

68L°9L

VUL L
:w.nh\
mDN._‘m.

glpee—

LS8 ETLY
SielR=rA
Ze0'Lel
L165'L21
asl'aszl
105 mmfw
85,82l
960 LEl
L95°1E)
LBY LTI

10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S171



Bl rj
056 01
655 01
795 01
¥85 01
86501
2090
9090
6190

661}
ziz'l
8LT 1]

782 |-
vz |1
8 1
792 1
192 1]
18z}

089’
mon,mv

092 L
ziT L
LT
82 L
1821
€62 L
66241
Log'L
POt L1
eLe L
80 Lo
59T L%
8Lt L
28T L
527 L
ger L
et L
v L]
z5t /]
g5t L
98y .
8er .
9054
B05'.

s

- =

—

84

bl

0o

95 90 85 80 75 70 65 60

10 05 00 -05

15

40 35 30 25 20

45

5.0

55
f1 (ppm)

105

11.5

Zhh'e~
8507

08F Ll—

LiTLy—

Z89'9L
ooc,nn.ﬁw
LLE ._:.\
[ANA]
ZLF68

zeoedl
€l8 wmﬁ/
o_‘m,mmﬁ/wn
EleFAP R4
69l 8Ck
apv'ecl)
699'LEL
S00EvL—

-10

40

80 70

90
f1 (ppm)

120 100

140

S172



13. HPLC spectra

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-180-3-R-0.JH-87-05-08-703.0)
mAl

11451

— o
w = :
w
300
] rac3
200
100 -
03 —— = = — —— — == — - - : —
25 5 7.5 10 125 15 17.5 20 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
e EEREE R | e R |--mee |
1 11.451 BB 0.2531 1.04525e4 631.57770 49.1012
2 16.912 BB 0.4311 1.08352e4  388.87234 50.8988

Totals : 2.12877e4 1020.45004

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-180-3-A-0JH-97-05--08-703.D)
mAU 7

250 —

-17.019

11.489

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.489 BB 0.2298 258.19003 16.93769 3.5304
2 17.019 BB 0.4143 7055.04590 263.56769 96.4696

Totals : 7313.23593 280.50538
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DAD1 A, Sig=254 4 Rei=360,100 (D:\DATA\XHD'\HD-133-R-0DH-995-05-524-3.0)

11.573

17.325

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 11.573 BB 0.2621 6775.78369 391.13312 49.3059
2 17.325 BB 0.4231 6966.55273 248.47195 50.6941

Totals : 1.37423e4  639.60507

DAD1 A, Sig=254,4 Ref=360,100 (D:\DAT A\XHD\HD-142-A-ODH-995-05-524-2.0)
mAU

17.070

350 -
300 -
250 -
200 -
150 -
100 -
50

5 11.575

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.575 BB 0.2630 210.00005 12.31266 1.5981
2 17.070 BB 0.4575 1.29307e4  426.81030 98.4019

Totals : 1.31407e4  439.12296
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATA\XHD\HD-207-2-R-ODH-995-005-07-808.D)
mAU
175

150 - 47“'
125 *
- O

75 rac5s
50 -
25-

8.238

-8.842

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 8.238 BV 0.1473 1208.14026 126.69585 49.7011
2 8.842 VB 0.1613 1222.67090 117.64048 50.2989

Totals : 2430.81116 244.33633

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-207-1-A-0DH-995-005-07-808.0)
mAU

« (5
- 5

9.024

| 18.394

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.394 BB 0.1561 70.83384 7.11729 0.5663
2 9.024 BV 0.1841 1.24367e4 1066.27051 99.4337

Totals : 1.25076e4 1073.38780
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DAD1 A, Sig=254,4 Ref=360,100 (D:ADATAXHD\HD-213-1-R-0DH-995-005-07-808-3.D)

mAL E §
| & =
60 -
50
40|
|
20
10
04 —_— e —
2 4 6 8 10 12 14 16 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 9.523 BB 0.1974 966.05292 75.45396 49.9102
2 11.226 BV 0.2325 969.52899 64.07447 50.0898

Totals : 1935.58191 139.52843

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATA\XHD\HD-212-1-A-ODH-995-005-07-808.D)

mAU &
1 =
500 - E
400
300 |
200 -
100 - 2
0 m. R . R —
2 4 6 8 10 12 14 16 m

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.881 BB 0.2068 57.89194 4.25309 0.5897
2 11.725 BV 0.2637 9758.67871 569.99646 99.4103

Totals : 9816.57065 574.24955
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-288-1-R-0JH-99-01-07-922.D)

malLl § §
100 n o
~
60 |
40 -
20
ol =
5 10 15 20 25 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.976 BB 0.3964 3135.25586 120.96627 50.0913
2 21.406 BB 0.5311 3123.82520 89.97477 49.9087

Totals : 6259.08105 210.94104

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD'\HD-287-1-A-0JH-98-01-07-922.D)
mAll 3

350 E
300 -
250
200
150
100 {

50 S

0 at

5 10 15 20 25 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.481 BB 0.4015 1.13086e4  429.03671 97.8884
2 20.723 BB 0.5189 243.94160 7.09948 2.1116

Totals : 1.15526e4  436.13619
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DAD1 B, Sig=240,4 Ref=360,100 (D:\DATAXHD\HD-250-2-R-0DH-97-03-07-907-2.D)

mAl
| w
20 CO,Et 8
) I
[— o
— s
150 =
100 Q rac 8
50
0 e
0 2 4 6 8 10 12 14 16

Signal 2: DAD1 B, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.086 BB 0.1517 1962.60669 197.88177 49.8281
2 13.142 BB 0.2564 1976.15051 118.62304 50.1719

Totals : 3938.75720 316.50481

DAD1 B, Sig=240,4 Ref=360,100 (D:\DATAXHD\HD-249-2-A-ODH-87-03-07-907-2.D)
mAU %
175 CO,Et

150 - __
125 -
O

75 8

50
25

112.958

Signal 2: DAD1 B, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.005 BB 0.1480 2094.29419 214.41730 96.6518
2 12.958 BB 0.2546  72.55108 4.34861 3.3482

Totals : 2166.84527 218.76591
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DAD1 A, Sig=254,4 Ref=360,100 (D\DATAXHD\HD-288-2-R-ODH-99-01-07-922.D)
mAl |

6444
7.329

200
150

100

50

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]

1 6.444 BB 0.1208 1981.47229 249.19753 50.0221
2 7.329 BB 0.1374 1979.72217 2195.06058 49.9779

Totals : 3961.19446 468.25810

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATA\XHD\HD-287-2-A-0DH-99-01-07-922.D)

mAU §

250 i

200

150

100 -

50 8
0 — e — e

2 4 6 8 10

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s ] [mAU] %

1 6.528 BB 0.1187 2471.37378 317.88901 95.2382

2 7.428 BB 0.1910 123.56570 8.95385

Totals : 2594.93948 326.84286

S179
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DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATA\XHD\HD-275-R-ADH-995-005-07-108.D)
mAU
350 -
300 -
250 |
200~
150 -
100 -
50 -

7273
8.100

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

12

1 7.273 BB ©0.1210 3137.54028 402.37854 49.8331
2 8.100 BB 0.1340 3158.55151 361.41068 50.1669

Totals : 6296.09180 763.78922

DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\1\DATAXHD\HD-274-1-A-ADH-895-005-07-108.D)
mAU

7894

1000
800

600 -

400 -
200

)7.155

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [ mAU*s ] [mAU]

1 7.155 BB 0.1151 237.063439 31.75590

Area

12 min

2.1532

2 7.894 BB 0.1380 1.07712e4 1207.91199 97.8468

Totals : 1.10083e4 1239.66789
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DAD1 D, Sig=230,4 Ref=360,100 (DACHEM\T\DATAXHD'\HD-196-2-R-0ODH-995-005-07-722.D)
mAl
300 -
250 -

7.901

11.565

Signal 3: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.901 BB 0.1463 2182.33105 226.63695 50.0363
2 11.565 BV 0.2154 2179.16797 155.61476 49.9637

Totals : 4361.49902 382.25171

DAD1 D, Sig=230,4 Ref=360,100 (D\CHEM\1\DAT A\XHD\HD-195-2-A-0DH-995-005-07-722.0)
mAU

1400
1200 -
1000 _
800
600 -
400 -
200

11.230

Y7788

Signal 3: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.788 VB 0.1481 371.85010 38.00632 2.0977
2 11.230 BV 0.2371 1.73547e4 1130.20020 97.9023

Totals : 1.77266e4 1168.20652
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DAD1 A, Sig=254,4 Ref=360,100 (D:ACHEM\1'\DATAXHD'HD-190-2-R-ODH-995-005-07-712.0)

y =
mAU 7 @ 3
50 - © =1
40
30
20
10
07
2 4 6 8 10 12

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.496 BB ©0.1686 614.84637 54.93124 49.8986
2 10.240 BB 0.2067 617.34589 44.81832 50.1014

Totals : 1232.19226 99.74955
DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATAIXHDHD-189-2-A-ODH-895-005-07-712.D)
mAU 1 =2
| 2
800 #
600 -|
400
200 i
| D%
0 :
2 4 6 8 10 12 14

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 8.194 BB 0.1564 322.04242  31.20131  2.3435
2 9.619 BB 0.2227 1.34197e4  928.03546 97.6565

Totals : 1.37417e4  959.23677
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DAD1 A, Sig=254 4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-196-1-R-0JH-895-005-07-722.D)

mAl - g §
175 = ©
150
125
100
75
50
25
0 |
25 5 75 10 125 15 17.5

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min]  [mAU*s] [mAU]

e P <o oo oo |

1 14.568 BB 0.4621 6091.39063 205.31598 49.8681
2 16.803 BB ©.5917 6123.62305 161.02007 560.1319

Totals : 1.22150e4  366.33604

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DAT AXHD\HD-185-1-A-0JH-995-005-07-722-3.D)
mAl

14,629

350
300 -
250 -
200 -
150 -
100

2
| 117300
|

25 5 7.5 10 125 15 5

N

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]

1 14.629 BV 0.8784 2.38821e4  431.04367 99.0945
0.9055

2 17.309 VB 0.9400 218.21996 3.50659

Totals : 2.41004e4 434 .55026

S183
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\I\DATA\XHD\HD-192-1-R-ODH-985-005-07-712.0D)

mAl r~
70 2

60—

40
30
20
10-=

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 7.667 BB 0.1732 732.37317 63.21516
2 13.125 BB 0.4022 733.40210  27.58067

Totals : 1465.77527  90.79583

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DAT A\XHD\HD-191-1-A-ODH-995-006-07-712.D)
mAU
175
150 |
125
100 -
754
50 -
25~

8711

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU]

1 8.711 BB 0.1674 79.05783 7.12743

13.125

49,9649
50.0351

13.698

1.9850

2 13.698 BB 0.3102 3903.77417 196.14410 98.0150

Totals : 3982.83200 203.27153
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DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATA\XHD'\HD-198-2-R-0DH-995-005-07-722.D)

mAU 3
175

min

150 g
125 ~ @
100 §
75—
50 -
254
0- - =
0 2 4 6 8 10
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el TR R R e s s <= ome |
1 7.179 W ©.1388 1097.91016 119.98072 50.2203
2 9.698 BB 0.2022 1088.27795  82.32094 49.7797
Totals : 2186.18811 202.30166
DAD1 A, Sig=254 4 Ref=360,100 (D \CHEM\1\DAT A\XHD\HD-197-2-A-0DH-995-005-07-722-2.0)
mAl 7 %
1000 ! i
800
600 -
400
200 | %
0
2 4 6 8 10
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el SRR S R |--mmemee R |--meee |
1 6.687 VB 0.1284 499.95093 59.25242 3.0369
2 8.584 BV ©.1929 1.59628e4 1267.41858 96.9631

Totals : 1.64628e4 1326.67100
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DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-190-1-R-AD-97-03-07-712.D)
mAU -
800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 =

10:233
11:430

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 19.233 BB 0.2084 1.18611e4  896.11621 49.9979
2 11.430 BB 0.2264 1.18621e4  821.67535 50.0021

Totals : 2.37232e4 1717.79156

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-189-1-A-AD-97-03-07-712.0)
mAU

11779

1750 -
1500
1250 -
1000 -
750 -
500 |
250 -

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.546 BB 0.2041 697.89124 53.52661 2.0315
2 11.779 BV 0.2583 3.36548e4 2063.56543 97.9685

Totals : 3.43527e4 2117.09204
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DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-192-2-R-ODH-99-1-05-712.0)
mAl

00 5 o

250 - 2

200 -

150

100 -

50

0 .
0 2 4 i} 8 10 12 14 16 mir

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.837 VB 0.3455 5585.55176 247.31053 50.1053
2 12.189 BB 0.3177 5562.08203 266.26132 49.8947

Totals : 1.11476e4 513.57185

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-191-2-A-0ODH-99-1-05-712.D)
mAlU |

1200 "E
1000 -
800 |
600 |
400 2
200 - b
0 = _
2 4 6 8 10 12 14 16
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.109 BB 0.3675 747.47437 31.42877 2.4735
2 12.397 BB 0.3042 2.954720e4 1506.47449 97.5265

Totals : 3.02195e4 1537.90326
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DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATA\XHD\HD-181-2-R-ODH-895--05-07-703.0)

mAl o
160 4 hi S
140 g
120 =
100
0
o]
40
20—
0- X -
2 4 6 8 10 12 14 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 7.409 BB 0.1603 1831.47180 171.95747 49.8572
2 10.043 BB 0.2714 1841.96570 101.64752 50.1428

Totals : 3673.43750 273.60500

DAD1 A, Sig=254.4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-180-2-A-0ODH-895--05-07-703.0)
mAU

10.626

200 -

150 -

100 -

50

- 8.054

0

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.054 BB 0.1563 186.18045 18.05705 4.6331
2 10.626 BB 0.2214 3832.33521 263.98868 95.3669

Totals : 4018.51566 282.04573
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-378-1-R-ODH-95-5-07-1217.0)
mAl

3 2

| @ n

600 i
500 -]
400
00 |
200
100

04 .
2 4 6 8

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min]  [mAU*s] [mAU]

1 6.934 BV 0.1295 6033.58447 707.47205 49.7898
2 7.519 W 0.1427 6084.52051 641.32257 50

Totals : 1.21181e4 1348.79462

DAD1 A, Sig=254,4 Ref=360,100 (DADATAXHD\HD-377-1-A-ODH-95-5-07-1217.0)
mAU
600

500
400
300
200
1 ~
100 - 2
1 w

-7.422

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]

1 6.847 BV 0.1313 270.47659 31.14642

Totals : 5214.60355 544.77343

S189

.2102

5.1869
2 7.422 VB 0.1463 4944.12695 513.62701 94.8131

min



DAD1 A, Sig=254 4 Ref=360,100 (D:\DATAXHD\HD-375-2-R-ODH-80-10-1-1217.0)

mAl o
] -] @
700 N Y %
Zivesa
500 — N/‘ o “li]
400
8004 rac 20
200
100
0 . =
0 2 4 6 8

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 6.962 BV ©0.1281 6102.81348 725.70984 49.76660
2 7.549 W ©0.1433 6160.20996 657.40430 50.2340

Totals : 1.22630e4 1383.11414

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-374-2-A-0DH-80-20-1-1217.D)

mAU @
! &
! Py
120 S
] X
100 - —
80 - N~ O
60— 20
40
1 w0
20 i
0- =
2 4 6 8 10

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 7.126 BB 0.1709 25.50886 2.23928

Totals : 2960.35676 154.79875

S190

12 min

0.8617
2 8.239 BV 0.2824 2934.84790 152.55948 99.1383



DAD1 E, Sig=240,4 Ref=360,100 (XHD\HD-378-2-R-0DH-99-1-07-1223.D)

mAl 3
175

! o)
150

125 ﬂli

100 S 4!»

75 N\

50 rac 21 O
257

0 5 10 15 20

16.440
18.999

Signal 5: DAD1 E, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

Area

25min

1 16.440 BB 0.4122 3249.26440 121.41182 49.5960
2 18.999 BB 0.4843 3302.20605 104.60402 50.4040

Totals : 6551.47046 226.01584

DAD1 E, Sig=240,4 Ref=360,100 (XHD\HD-377-2-A-0DH-99-1-07-1223.0)

mAU ] g
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60— O
s O\
o] 21 0y :
o s
5 10 15 20
Signal 5: DAD1 E, Sig=240,4 Ref=360,100
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

25 min

1 16.740 BV 0.4194 2635.20630  96.24438 94.0122
5.9878

2 19.454 VB 0.4826 167.84167 5.31247

Totals : 2803.04797 101.55685
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DAD1 E, Sig=240,4 Ref=360,100 (D:ACHEM\1\DAT AXXHDVHD-2501-R-ASH-97-03-07-904.D)
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Signal 5: DAD1 E, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 9.614 BV 0.3440 2947.13159 130.22351 50.0039
2 12.675 W 0.4508 2946.66797 99.12495 49.9961

Totals : 5893.79956 229.34846

DAD1 E, Sig=240,4 Ref=360,100 (DACHEM\1\DATAWXHD'HD-248-1-A-A5H-97-03-07-904.D)
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Signal 5: DAD1 E, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.527 W 0.3428 102.88322 4,49958 1.9398
2 12.465 BV 0.4511 5201.03955 174.81360 98.0602

Totals : 5303.92278 179.31318
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DAD1 A, Sig=254 4 Ref=360,100 (DACHEM\1\DAT AAXHD\HD-292-2-R-0DH-995-005-07-108-2.D)

mAU -
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300 — O g I
200 O p rac 24
] o]
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0 2 4 6 8 10 12 14
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.516 BB 0.2542 4212.61621 253.13699 50.2439
2 12.567 BB 0.1957 4171.71777 333.96585 49.7561

Totals : 8384.33398 587.10284

DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\T\DAT AAXHD\HD-292-2-A-0DH-995-005-07-108-2.0)
mAlU

_ 2
1200 o
1000 = O
800
600 O A\ 24
400 (0] o
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D v -— . v —
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.855 BB 0.2545 482.30731 29.23704 1.6910
2 12.589 BB 0.3340 2.80403e4 1352.04272 98.3090

Totals : 2.85226e4 1381.27976
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEMII\DAT AUXHD\HD-292-1-R-0JH-99-01-07-102-2.D)
mAlU |
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s ] [mAU] %

1 18.325 BB 0.4736 1391.97034  44.91646 50.1849
2 20.817 BB 0.5940 1381.71057 35.66548 49.8151

Totals : 2773.68091 80.58194

DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\1\DATAXHD\HD-292-1-A-0JH-99-01-07-102.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 18.237 VB 0.5151 393.77368 11.39655 1.2798
2 20.498 BV 0.6687 3.03749e4  702.08319 98.7202

Totals : 3.07687e4  713.47974
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DAD1 A, 5ig=254.4 Ref=360,100 (XHD'\HD-501-2-A-0D3-100-0-05-405.D)
mAl
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.802 BB 0.1771 5676.90234 497.68698 49.8766
2 11.885 BB 0.1959 5704.99756 449.96069 50.1234

Totals : 1.1381%4  947.64767

DAD1 A, 5ig=254,4 Ref=360,100 (XHD'\HD-501-2-A-0D3-100-0-05-405-2.0)
mAl

12.006

800 =
600 — “

400 —

10.898

200

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
el ERCEEEE == ] =mm e |---mmemee R s | --mme |
1 10.898 VB 0.1778 1734.65515 151.28131 11.2730
2 12.006 BB 0.2154 1.36531e4 986.99860 88.7270

Totals : 1.53877e4 1138.27991
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DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-491-R-1G-95-05-09-401.D)

mAU | o
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 39.912 BB ©0.8856 1648.83411 28.98965 49.9614
2 46.485 BB 1.0410 1651.38354  24.54158 50.0386

Totals : 3300.21765 53.53123

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-491-A-401 2020-04-01 09-55-45\HD-491-1-A.D)
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(:J 10 20 30 40 50 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 39.441 BB 0.8872 559.48083 9.69614 85.0907
2 46.015 MM R 1.1471 98.03036 1.42432 14.9093

Totals : 657.51119 11.12046

S196



DAD1 F, Sig=240,4 Ref=360,100 (XHD\HD-490-A-401 2020-04-01 12-07-200\HD-441-5-R.D)
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20 rac 28
0 s = — - > - - . . . : — . - - - — = — —— =
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Signal 6: DAD1 F, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 43.582 BB 0.8890 3350.97144  58.96780 48.6539
2 48.217 BB 1.0146 3536.38965 54.10306 51.3461

Totals : 6887.36108 113.07086

DAD1 F, Sig=240,4 Ref=360,100 (XHD\HD-490-A-401 2020-04-01 12-07-20\HD-490-1-A.D)
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Signal 6: DAD1 F, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min]  [mAU*s] [mAU] %
] EEEEEE R R e R s e |
1 43.676 MM R 1.0035 141.98506 2.35805 12.2424

2 48.322 BB 1.0011 1017.80072  15.43868 87.7576

Totals : 1159.78578 17.79674
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DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-208-2-R-0JH-995-005-07-723.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 11.009 BV 0.2162 3363.47852 236.12163 49.8582
2 11.753 VB 0.2379 3382.61279 216.90707 50.1418

Totals : 6746.09131 453.02870

DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-208-1-A-0JH-995-005-07-723.0)
mAL -
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.179 BV 0.2187 2431.72095 168.18225 48.0375
2 11.951 VB 0.2353 2630.40942 169.24474 51.9625

Totals : 5062.13037 337.42699
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DAD1 B, Sig=240,4 Ref=360,100 (DADATAXHD\HD-233-R-ODH-995-005-07-830.D)
mAll
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Signal 2: DAD1 B, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.732 BB 0.1591 556.27118 53.59978 49.9213
2 9.432 BB 0.1750 558.02576  48.93664 50.0787

Totals : 1114.29694 102.53642
DAD1 B, Sig=240,4 Ref=360,100 (D:\DATAXHD\HD-232-A-ODH-995-005-07-830-2.0)
mAU g
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Signal 2: DAD1 B, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.656 BV ©.1558 6579.82178 640.59808 98.7241
2 9.319 VB 0.1976 85.03582 6.21492 1.2759

Totals : 6664.85760 646.81300
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DAD1 A, Sig=254 4 Ref=360,100 (D:\DATAXHD\HD-198-1-R-0ODH-995-005-07-830-1.D)
mAl
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.202 BV 0.1530 1421.47070 141.79264 49.7813
2 8.857 VB 0.1691 1433.95911 129.53770 560.2187

Totals : 2855.42981 271.24034

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATA\XHD\HD-197-1-A-ODH-995-005-07-830-1.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.119 BV 0.1526 3680.53027 368.21539 98.2218
2 8.744 VB 0.1713 66.63286 5.82966 1.7782

Totals : 3747.16313 374.04505
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DAD1 B, Sig=240,4 Ref=360,100 (D:\DATA\XHD\HD-252-2-R-ODH-97-03-07-904.D)
mAU
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Signal 2: DAD1 B, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 7.716 VB 0.1437 4444 .92188 464.44144 50.1005
2 9.289 VB 0.1843 4427.08203 362.96970 49.8995

Totals : 8872.00391 827.41113

DAD1 B, Sig=240,4 Ref=360,100 (D:\DATA\XHD\HD-252-2-A-ODH-97-03-07-904.D)
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Signal 2: DAD1 B, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.644 W 0.1639 700.30896 64.89249 6.3521
2 9.218 BB 0.1875 1.03246e4  839.47278 93.6479

Totals : 1.10249%e4  904.36527
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\1\DATAXHD\HD-181-R-AD-97-03-07-712.D)
mALl -
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.550 BB 0.2061 8088.94043 612.23254 50.3510
2 11.706 BB 0.2243 7976.15820 552.92542 49.6490

Totals : 1.60651e4 1165.15796

DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\1\DATAXHD\HD-180-1-A-AD-97-03-07-712.0)
mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 11.021 BB 0.2138 819.40558 59.82727 5.9997
2 12.232 BBA 0.2402 1.28379%4  831.09619 94.0003

Totals : 1.36573e4  890.92346
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DAD1 A, Sig=254.4 Ref=360,100 (D:\DATA\XHD\HD-218-2-R-ODH-97-03-07-815.D)
mAlU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 9.361 BV 0.1748 731.42035 63.28177 49.9233
2 10.109 VB 0.1931 733.66797 57.40298 50.0767

Totals : 1465.08832 120.68475
DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-217-2-A-ODH-97-03-07-815.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 9.425 BB 0.1774 51.85070 4.46769 3.2652
2 10.123 BB ©0.1914 1536.13745 121.59297 96.7348

Totals : 1587.98815 126.06066
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATA\XHD\HD-218-1-R-1A-995-005-07-817-3.D)
mAU

70 2
60 @
50 o <
40 i
30 A
20
10—
0 1
0 10 20 30 40 50 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 37.609 BB 1.1520 2264.83032 29.68773 49.9621
2 48.450 BB 0.7140 2268.26758 51.68632 50.0379

Totals : 4533.09790  81.37405

DAD1 A, Sig=254,4 Ref=360,100 (D\DATAXHD\HD-217-1-A-|A-995-005-07-817-3.0)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 38.875 MM R 0.9846 90.04355 1.52427 3.5846
2 46.445 BB 0.3425 2421.88379 108.45319 96.4154

Totals : 2511.92734 109.97746
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DAD1 B, Sig=254, 4 Ref=360,100 (XHD\HD-203-2-A 2020-01-07 10-19-06\HD-204-2-R.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

35

mir

1 20.726 BB 0.3752 1020.36340 41.73885 50.1393
2 30.347 BB 0.5189 1014.69220 29.97383 49.8607

Totals : 2035.05560 71.71268

DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-203-2-A 2020-01-07 10-19-06\HD-203-2-A.D)
mAl
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [ mAU*s ] [mAU]

1 20.244 BB 0.3521 423.63586 18.57229

Totals : 4621.27356 137.89806

5205

Area

9.1671
2 30.716 BB 0.5344 4197.63770 119.32577 90.8329



DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-203-204-1 2019-12-31 12-26-23\HD-204-1-R.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 15.257 BB 0.3012 797.18793  40.58042 50.1597
2 18.009 BB 0.3380 792.11139 35.00698 49.8403

Totals : 1589.29932  75.58741

DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-203-204-1 2019-12-31 12-26-23\HD-203-1-A-2.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.278 BB 0.3535 795.41681 34.17417 16.3506
2 18.835 BB 0.5384 4069.35205 114.57291 83.6494

Totals : 4864.76886 148.74707
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-146-R-0DH-995-05-524-2.0)
mAU -
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.665 BB 0.7183 9137.25488 191.62433 49.7523
2 33.584 BB 1.90424 9228.22461 130.27808 50.2477

Totals : 1.83655e4 321.90240
DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-146-A-ODH-995-05-524.D)
mAU 4
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 26.487 BB 0.6300 124.05807 2.96561 1.6060
2 33.841 BB 1.0388 7600.55029 107.50506 98.3940

Totals : 7724.60837 110.47067
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DAT AXHD\HD-147-R-0ODH-995-05-524.0)
mAl
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 14.722 BV 0.3421 8105.09619 360.78421 49.9754
2 18.264 BB 0.4475 8113.06445 275.57626 50.0246

Totals : 1.62182e4 636.36047

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-147-A-0ODH-995-05-524.0D)

mAl a
500 c‘(_'-‘
400
300 —
200 -
o~
100 a
- o2
0
5 10 15 20 25 mi

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.832 BV 0.3298 274.93457 12.84259 1.5575
2 18.126 W 0.4852 1.73777e4 543.23956 98.4425

Totals : 1.76527e4 556.08215
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DAD1 B, Sig=254,4 Ref=360,100 (DACHEM\1\DATAXHD\HD-172-1R-AD-100-0-05-621-2.0)
mAl
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= : —— g
Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.562 BV 0.2882 1.30684e4 692.28748 49.7751
2 14.296 VB 0.4901 1.31865e4 398.49579 50.2249

Totals : 2.62548e4 1090.78326

DAD1 B, Sig=254,4 Ref=360,100 (DACHEM\T\DATAXHD\HD-171-1A-AD-100-0-05-621.D)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.334 BB 0.2757 805.06354  44.36243 3.3349
2 13.789 BB 0.4736 2.33356e4  736.52789 96.6651

Totals : 2.41406e4  780.89032
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-158-2-R-0DH-995-05-007-603.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.755 BB 0.2609 2181.30762 125.39645 50.0811
2 13.994 BB 0.2874 2174.23975 113.54329 49.9189

Totals : 4355.54736 238.93974

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-157-2-A-0DH-995-05-007-603.0)
mAlLl
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.206 BV 0.2417 581.13727 36.12967 2.5660
2 13.064 VB 0.2920 2.20667e4 1139.16858 97.4340

Totals : 2.2647%e4 1175.29825

S210



DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-159-R-ODH-995-05-10-603.D)
mAU

16.082
18.130

250 -
200 -
150 -

100
50

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.082 BB 0.3773 8091.87744 321.83011 49.9608
2 18.130 BB 0.4462 8104.58545 271.57565 50.0392

Totals : 1.61965e4 593.40576

DAD1 A, 5ig=254 4 Ref=360,100 (D:\DATA\XHD\HD-157-A-0DH-995-05-007-603.D)

18.576

400
300 -

200

100 —

116.704

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 16.704 BB ©0.3408 378.40775 16.54974  2.4547
2 18.576 BB ©.4354 1.50371e4 519.91754 97.5453

Totals : 1.54155e4 536.46728

S211



DAD1 A, Sig=254 4 Ref=360,100 (D:\DATAXHD\HD-159-3-R-ODH-895-05-007-603.D)
mAU
120
100
80 -
60
40
20

13.224
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203 . . . — .
0 2.5 5 7.5 10 125 15 17.5 20 mir

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.224 BB 0.2751 1480.46533 80.30376 50.0093
2 14.378 BB 0.3028 1479.91309 72.89776 49.9907

Totals : 2960.37842 153.20152

DAD1 A, Sig=254.4 Ref=360,100 (D:\DATA\XHD\HD-157-3-A-0DH-995-05-007-603.D)
mAU

13.605

400 -
300 -

200 -

100 -

| b 12761

25 5 7.5 10 125 15 175 20 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.761 BV 0.2549 353.86914 20.75723 3.5725
2 13.605 VB 0.2869 9551.40332 499.84506 96.4275

Totals : 9905.27246 520.60229

S212



DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-152-2-R-0JH-995-05-007-603.D)
mAU |

25,396
29.013

80
60 |

40

20

5 10 15 20 25 30 35 40min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.396 BB 0.5959 4111.97021 106.62293 49.8259
2 29.013 BB 0.7346 4140.70850 86.47428 50.1741

Totals : 8252.67871 193.09721

DAD1 A, Sig=254.4 Ref=360,100 (D:\DATAXHD\HD-152-1-A-0JH-995-05-007-603.0)

mAU 3
BOE by
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0 ....................... -. SpE——————————
5 10 15 20 25 30 35 m
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 24.351 BB 0.5467 107.34194 2.93507 2.9629
2 27.918 BB 0.7145 3515.57813 75.32643 97.0371

Totals : 3622.92007 78.26150

S213



DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-163-1-R-1A-100-608-1.0)

mAU E g
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400

300

200

100

o

5 10 15 20 25 20 35

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 24.598 BV 0.5340 2.34461e4  690.73157 49.9323
2 26.340 VB 0.6091 2.35096e4 592.21149 50.0677

Totals : 4.69556e4 1282.94305

mAU -
1400 -
1200
1000 |
800 |
600 -
400
200~

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-162-1-A-IA-100-608.D)

27.612

Signal 2: DAD1 B, Sig=254,4 Retf=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 25.672 BV 0.5313 1348.76318 39.40878 1.9008
2 27.612 W 0.6464 6.96081e4 1642.43896 98.0992

Totals : 7.09568e4 1681.84774

S214
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DAD1 A, Sig=254.4 Ref=275,100 (D:\DATA\XHD\HD-163-2-R-ASH-95-05-608.D)

AU -
m 1 &
@

11.349

Signal 1: DAD1 A, Sig=254,4 Ref=275,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.234 BB 0.3826 1428.07458 56.93953 49.6868
2 11.349 BB 0.4671 1446.07800 47.25047 50.3132

Totals : 2874.15259 104.18999

DAD1 A, Sig=254,4 Ref=275,100 (D:\DATAXHD\HD-162-2-A-ASH-95-05-08-608.D)

mAU
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25 5 75 10 125 15 17.5 min

Signal 1: DAD1 A, Sig=254,4 Ref=275,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 9.301 BB 0.3709 57.14683 2.32362 2.3841
2 11.426 BB 0.4722 2339.80542 75.78040 97.6159

Totals : 2396.95225 78.10402

S215



DAD1 D, Sig=290,4 Ref=275,100 (D:\DATAXHD\HD-165-1-R-ASH-895-005-608-1.0)

mAL
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200 =

150
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50

04 i

0 5 10 15 20 25 30 35 40

Signal 4: DAD1 D, Sig=290,4 Ref=275,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 28.723 BB 0.9040 1.31933e4  224.38988 50.0027
2 31.782 BB 1.0481 1.31918e4 187.66449 49.9973

Totals : 2.63851e4  412.05437

DAD1 D, Sig=290,4 Ref=275,100 (D:\DATAXHDIHD-164-1-A-ASH-995-005-03-608.D)
mAl
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1 o

Signal 4: DAD1 D, Sig=290,4 Ref=275,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.288 BB ©0.8976 1208.90747 20.45207 2.2478
2 31.209 BB 1.0997 5.2573%e4  725.23651 97.7522

Totals : 5.37828e4  745.68858

S216



DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-163-3-R-1A-97-03-05-608.0)

[ [T+
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2 4 6 8 10 12 14 16

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
ORI EECEERE R e e |- me e |
1 9.399 BV 0.2430 1.14698e4 731.35683 51.8653
2 10.585 VB 0.2618 1.06448e4 627.75586 48.1347

Totals : 2.21147e4 1359.10669

DAD1 B, Sig=254,4 Ref=360,100 (DACHEM\1\DATAIXHD\HD-162-3-A-1A-97-03-05-608.D)
mAU |

11306
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8
200 5

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.100 BB 0.2182 604.00775 42.40234 3.5015
2 11.306 BV 0.2215 1.66459e4 1173.22266 96.4985

Totals : 1.72499e4 1215.62500

S217



DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM\1\DATA\XHD\HD-165-2-R-1A-995-005-02-608-1.D)

mAU ] "é o
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1200 | le) f o
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800 - (0]
603 rac 50
200 -
0 —
5 10 15 20 25 30 a5 min

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 24.4097 BB 0.5772 5.56960e4 1472.78284 49.9380
2 29.286 BV 0.8541 5.58343e4  989.84442 50.0620

Totals : 1.11530e5 2462.62726

DAD1 B, Sig=254 4 Ref=360,100 (D:\CHEM\1\DATA\XHD\HD-164-2-1A-995-05-02-619-2.D)

mAU 2

120 - &

100 O

s =01

© {0 s

20 %

0] -

5 10 15 20 25 30 35

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 24.782 BB 0.7185 154.94252 3.19102 2.1503
2 29.179 BV 0.8095 7050.64648 131.50574 97.8497

Totals : 7205.58900 134.69676

S218



DAD1 A, Sig=254.4 Ref=360,100 (D:\DATAXHD\HD-182-1-R-AD-97-3-07-703.D)

mAU 7 b =
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.174 BV 0.1192 3041.91431 389.12375 50.1668
2 7.651 W 0.1505 3021.68555 307.96439 49.8332

Totals : 6063.59985 697.08813

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-182-1-A-AD-97-3-07-703.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.163 W 0.1215 414.41406  52.85158 2.3954
2 7.607 BB 0.1549 1.68861e4 1685.51697 97.6046

Totals : 1.73006e4 1738.36855
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DAD1 A, Sig=254,4 Ref=275,100 (D:\DATA\XHD\HD-165-3-R-0JH-97-03-08-608.D)
mAL -

300 2 2
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Qe
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100 - rac 52
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e ——— e
5 10 15 20 25 30 35 40 min
Signal 1: DAD1 A, Sig=254,4 Ref=275,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 20.970 BB 0.6864 1.51653e4  345.27274 48.6586
2 30.792 BB 0.9993 1.60014e4  250.49669 51.3414

Totals : 3.11667e4 595.76942

DAD1 A, Sig=254,4 Ref=275,100 (D:\DATAXHD'\HD-164-3-A-0JH-97-03-08-608-1.D)

mAU 1 z
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0 — = .
5 10 15 20 25 30 35 40 min

Signal 1: DAD1 A, Sig=254,4 Ref=275,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 21.204 BB ©.7072 1.65025e4  365.19394 97.6171
2 31.436 BB ©0.8765 402.83447 6.72829  2.3829

Totals : 1.69054e4 371.92223
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DAD1 A, Sig=254,4 Ref=360,100 (D:ADATAXHD\HD-148-R-0DH-995-05-524.D)

mAU % o
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rac 53
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0 _
25 5 75 10 125 15 175 20 siin

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.489 W 0.2757 980.67621 54.04567 49.3770
2 13.893 VB 0.2937 1005.42493 51.07379 50.6230

Totals : 1986.10114 105.11945

DAD1 A, Sig=254,4 Ref=360,100 (D:\DATAXHD\HD-148-A-ODH-895-05-524.0)
mAlU |

13818

200
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1112522

25 1 7.5 10 12.5 15 17.5 20 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.522 BV 0.2724  93.59621 5.04616 1.7931
2 13.818 W 0.3081 5126.13574 253.28737 98.2069

Totals : 5219.73196 258.33353
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DAD1 C, Sig=214.4 Ref=360,100 (D:\DATAXHD\HD-161-1-R-0DH-995-05-007-603.0)
mAl

o =3

& =3
b =

400 ® kS

— \
300 — N\ S
200
: rac 54
100 -
U | v
5 10 15 20 25 min

Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.292 BB 0.3664 1.16311e4  477.15085 49.9073
2 18.108 BB 0.4143 1.16744e4  427.85065 50.0927

Totals : 2.33055e4  905.00150

DAD1 C, Sig=214 4 Ref=360,100 (D:\DATA\XHD\HD-160-1-A-ODH-995-05-007-603.0)
mAU
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5 10 15 20 25
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type MWidth Area Height Area
# [min] [min]  [mAU*s] [mAU] %

1 17.627 BB 0.3775 169.18300 6.81889 1.4247
2 19.773 BB 0.4608 1.17062e4 382.78134 98.5753

Totals : 1.18754e4  389.60023
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DAD1 B, Sig=254 4 Ref=360,100 (D:\CHEM\1\DATAXHD\HD-172-2R-1A-97-03-05-621.D)
mAU

[4'] wn
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50
0 { - _. =
25 5 75 10 125 15 17.5

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s ] [mAU]

20

1 12.642 BV ©0.3935 8731.62305 337.82025 49.6548

2 14.945 W 0.4568 8853.02148 299.53043

Totals : 1.75846e4 637.35068

DAD1 B, Sig=254,4 Ref=360,100 (D:ACHEM\1\DATAXHD\HD-171-2A-1A-97-03-05-621.D)
mAU |

8
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500 — o
400 ___ \ g
20 55 ’
100 - R
0 : —
25 5 75 10 125 15 175
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 12.906 BV 0.4175 406.92044 14.95312

20

50.3452

225 min

1.9745

2 14.982 W 0.4365 2.02020e4  708.83459 98.0255

Totals : 2.0608%e4  723.78771
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DAD A, Sig=254 4 Ref=350.100 (DADATAZYPZYF-XT5A-003-080203 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

) PR R | -mmmeeeee |=mmmmmee |--nmnee- |
1 29.779 BB ©.5944 6689.38721 167.34182 508.1421

2 31.841 BB 8.6395 6651.47559 158.54236 49.8579

Totals : 1.33409e4 325.88338

DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-160-2-A-0D3-98-2-03-1231.D)

mALl
200 §
150 i
50 3
0 5 10 15 20 25 30 35 min
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 30.421 BB 0.4894 5460.33740 173.40587 97.3636
2 32.104 BB 0.4371 147.85175 4.67355 2.6364

Totals : 5608.18915 178.07942

S224



DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-408-R-0DH-95-5-07-1223-3.0)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 48.353 BV 1.0605 1472.47644  20.73572 49.3653
2 51.219 VB 1.1745 1510.34290  19.18501 50.6347

Totals : 2982.81934 39.92073

DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-408-A-ODH-95-5-07-1223-2.0)

mAl ?&
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 48.408 BV 1.0715 3143.25708  44.10449 3.3642
2 51.185 VB 1.2200 9.02886e4 1111.11963 96.6358

Totals : 9.34318e4 1155.22412
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DAD1 B, Sig=214,4 Ref=360,100 (D:\CHEM\1\...-334-345 2019-11-12 21-39-19\HD-334-1-R-OD3-HEXANE-02-1112.D)
mAl

800 -| ?:% 8
600 -| 8
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200
o
0 5 10 15 20 25 30 35 40 45
Signal 2: DAD1 B, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 30.914 BB 0.7602 3.5953%9e4  718.05603 49.5527
2 38.480 BB 0.9762 3.66029e4 569.24237 50.4473

Totals : 7.25568e4 1287.29840
DAD1 B, Sig=214,4 Ref=360.100 (DANCHEM\1\...-334-345 2019-11-12 21-39-19\HD-345-2-A-0D3-HEXANE-02-1112.0)
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Signal 2: DAD1 B, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 31.138 MM R 1.0957 113.01952 1.71913 1.5175
2 38.850 BB 0.9452 7334.76318 117.99655 98.4825

Totals : 7447.78270 119.71568
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DAD1 A, Sig=214,4 Ref=360,100 (XHD\HD-388-386-2-0D3 2019-12-18 16-14-20\HD-388-2-R-1218-2.D)
mAl
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Signal 1: DAD1 A, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
SO EREEE |-==e [ me e R R === |

1 20.811 BB 0.3763 6306.20361 255.18086 49.9160
2 25.760 BB 0.4782 6327.41943 200.48511 50.0840

Totals : 1.26336e4  455.66597

DAD1 A, Sig=214,4 Ref=360,100 (XHD\HD-388-386-2-0D3 2019-12-18 16-14-20\HD-385-5-A-1218.D)
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Signal 1: DAD1 A, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 20.309 BB 0.3757 8286.66211 338.37595 98.3438
2 25.242 BB 0.4244 139.55592 4.04602 1.6562

Totals : 8426.21803 342.42196
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DAD1 A, Sig=214,4 Ref=360,100 (XHD\HD-366-355-2-12128 2019-12-18 08-40-40\HD-366-R-1218.D)
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Signal 1: DAD1 A, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 30.325 W 0.8961 1.28594e4  223.21736 49.7953
2 35.110 VB 0.9605 1.29651e4  207.63132 50.2047

Totals : 2.58244e4  430.84868

DAD1 A, Sig=214,4 Ref=360,100 (XHD\HD-366-355-2-12128 2019-12-18 08-40-40\HD-355-2-A-1218.D)
mAU
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Signal 1: DAD1 A, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 29.920 BV 0.9021 2.66108ed4  457.86212 97.2812
2 34.282 VB 0.8436 743.71826 13.65193 2.7188

Totals : 2.73545e4  471.51405
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DAD1 C, Sig=214,4 Ref=360,100 (D:\DATAXHD\HD-388-1-R-0DH-95-5-07-1217.0)

mAU ©
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Signal 2: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 11.416 BB 0.2288 4828.20703 322.17624 49.8926
2 12.645 BV 0.2564 4849.00146 288.10391 50.1074

Totals : 9677.20850 610.28015

DAD1 C, Sig=214,4 Ref=360,100 (D:\DATAXHD\HD-386-1-A-ODH-95-5-07-1217.0)
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Signal 2: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.424 BV 0.2307 1.07228e4  708.12616 98.3463
2 12.689 W 0.2840 180.30696 9.39141 1.6537

Totals : 1.09031e4  717.51757
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DAD1 A, Sig=214,4 Ref=360,100 (XHD\HD-419 2019-12-31 10-52-26\HD-418-R.D)
mAU
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1 b
100 rac 62

18.342

Signal 1: DAD1 A, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

22,804

25

min

1 18.342 BB 0.2998 1.2819%4  662.39044 50.5722
2 22.804 BB 0.3626 1.25298e4 540.27222 49.4278

)22.260

Totals : 2.53497e4 1202.66266
DAD1 A, Sig=214,4 Ref=360,100 (XHD\HD-419 2019-12-31 09-53-29\HD-418-A.D)
mAU @
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Signal 1: DAD1 A, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [ mAU*s ] [mAU]

1 17.643 BB 0.2896 1.60431e4  860.14917 97.1564
2 22.260 BB 0.3446 469.54657 21.51884

Totals : 1.65126e4  881.66801
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DAD1 D, Sig=230,4 Ref=360,100 (DADATA\XH...402-1-2 2019-12-21 13-43-33\HD-402-2-R-0ODH-995-005-07-1221.0D)
mALl
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Signal 3: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 11.657 BV 0.2445 4020.33325 254.16200 49.3931
2 17.534 VB 0.4193 4119.12695 154.38954 50.6069

Totals : 8139.46021 408.55154
DAD1 D, Sig=230,4 Ref=360,100 (DADATA\XH...402-1-2 2019-12-21 13-43-33\HD-402-1-A-0DH-995-005-07-1221.D)
mAU | &
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100 —
80
60;
| MeO 63 S
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Signal 3: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.309 BV 0.2294 130.04753 8.74764  3.2647
2 17.022 VB ©.3756 3853.39160 160.80412 96.7353

Totals : 3983.43913 169.55177
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A0 B. Sege25d 4 Felulsn 500 (DACHERR . DOMGIOND-G- 181030 2018-10-30 09-35-000-6- 19 RAC-IB-830310.0)
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.780 BB ©.2755 1732.62378 95.55478 49,8964
2 12.11@ BB 9.3152 1739.81921 84.849085 50.1036

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-500-A-1B-98-02-1-405-4.D)

mAU
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03 —— e :
0 2 4 6 8 10 12 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 10.552 BB 0.2083 58.01698 4.33101 11.7734
2 11.615 BB 0.2333 434.76303  28.61264 88.2266

Totals : 492 .78001 32.94365
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DAD1 F, Sig=240,4 Ref=360,100 (XHD\HD-494-R-0JH-99-1-1-401.D)
mAl
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Signal 6: DAD1 F, Sig=240,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.942 BB 0.3019 1755.87610 89.08886 49.8720
2 23.367 BB ©.7375 1764.88770 36.66800 50.1280

Totals : 3520.76379 125.75686

DAD1 F, Sig=240,4 Ref=360,100 (XHD\HD-484-A-0JH-99-1-1-401-2.D)

mAl | E
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Signal 6: DAD1 F, Sig=249,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 10.920 BB 0.2947  21.54159 1.14911 1.4697
2 22.955 BB 0.7296 1444.14819 30.32329 98.5303

Totals : 1465.68979  31.47240
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DAD1 C, Sig=214,4 Ref=360,100 (XHD\HD-493-R-0JH-99-1-1-405.0)
mAU 1
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06 2 4 6 8 1; B 12 14 = 16 18 min
Signal 3: DAD1 C, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min]  [mAU*s] [mAU] %

S PR P P |=mmmemmee |=mmmmmee |==m e |
1 10.514 BB ©.3300 8320.85254 385.18195 50.0223

2 13.238 BB 0.4647 8313.43750 273.47012 49.9777

Totals : 1.66343e4  658.65207

DAD1 C, Sig=214,4 Ref=360,100 (XHD\HD-483-A-0JH-99-1-1-405.0)
mAU
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Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 10.645 BB 0.3433 303.43787 13.54809 1.96046
2 13.226 BB 0.4765 1.56280e4  500.17468 98.0954

Totals : 1.59314e4  513.72277
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\TI\DATAXHDVHD-327-0JH-995-005-07-3-1112.D)
mAll
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %

1 22.779 BB 0.5804 2198.17407 57.70641 49.9465
2 27.246 BB 0.6348 2202.88062 53.44888 50.0535

Totals : 4401.05469 111.15529
DAD1 A, Sig=254,4 Ref=360,100 (DACHEM\1\DAT AUXHD\HD-326-1-A-0JH-995-005-07-2-1112.D)
mAU g
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 22.392 BB 0.4965 226.15912 6.97150 6.5256
2 26.840 BB 0.6994 3239.58228 71.13010 93.4744

Totals : 3465.74139 78.10159
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One-pot synthesis

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-133-R-995-005-1-1217.D)

mAU | S
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.998 W 0.2766 1.25504e4  715.70178 48.7394
2 16.467 W 0.4315 1.31996e4  448.29694 51.2606

Totals : 2.57501e4 1163.99872

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-382-1-A-995-005-1-1217.D)
mAL
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.479 BV 0.1899 70.24247 4.50628 1.5123
2 16.963 BV 0.3832 4574.63037 177.19905 98.4877

Totals : 4644.87284 181.70533
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One-pot synthesis

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-382,,.217-2 2019-12-17 11-26-26\HD-181-2-R-0DH-995-005-07-1217-2.D)
mAl

300—; E
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

30

1 16.038 W 0.3759 6914.56250 280.15863 49.9724
2 27.034 W 0.5605 6922.19775 169.48204 50.0276

Totals : 1.38368e4  4495.64067

DAD1 A, Sig=254,4 Ref=360,100 (XHD\HD-382...217-2 2019-12-17 11-26-26\HD-382-2-A-0DH-995-005-07-1217-2.D)

mAU | g
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height

# [min] [min] [mAU*s ] [mAU]

1 15.970 BV 0.3276 766.29358 30.86595

Totals : 1.51511e4 363.72547
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Large-scale synthesis

DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-381-R-0DH-995-005-05-1218.D)

mAU
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.926 BB 0.2603 1.46767e4  863.26874 49.2075
2 15.929 BB 0.4240 1.51495e4 542.19293 50.7925

Totals : 2.98262e4 1405.46167
DAD1 B, Sig=254,4 Ref=360,100 (XHD\HD-381 2019-12-18 14-18-36\HD-381-A-1218.D)
mAU g
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Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.162 BB 0.2345 124.32475 8.21722 1.2326
2 16.346 BB 0.4145 9962.19727 367.22672 98.7674

Totals : 1.00865e4  375.44394
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