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1. General Information

NMR spectra: 'H NMR spectra were recorded on a 400 MHz spectrometer. Chemical shifts are reported in parts per
million (ppm) and the spectra are calibrated to the resonance resulting from incomplete deuteration of the solvent (CDCls:
7.26 ppm). 1*C NMR spectra were recorded on 400 MHz spectrometer with complete proton decoupling. Chemical shifts
are reported in ppm with the solvent resonance as the internal standard (**CDCls: 77.0 ppm, t). Data are reported as follows:
chemical shift &/ppm, integration (*H only), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet or
combinations thereof; 3C signals are singlets unless otherwise stated), coupling constants J in Hz, assignment. °F NMR
spectra were recorded on the same Spectrometer. All air- and moisture-sensitive reactions were performed under an
atmosphere of Ar in fire dried glassware.

High Resolution Mass Spectrometry (HRMS): All were recorded on Bruker micrOTOF Il ESI-TOF using a
positive electrospray ionization (ESI*). Measured values are reported to 4 decimal places of the calculated value. The
calculated values are based on the most abundant isotope.

Chromatography: Analytical thin layer chromatography was performed using Qingdao Puke Parting Materials Co.
silica gel plates (Silicagel 60 F254). Visualisation was by ultraviolet fluorescence (A = 254 nm) and/or staining with
Phosphomolybdic acid or potassium permanganate (KMnOa.). Flash column chromatography was performed using
200-300 mesh silica gel. Optical rotations were measured with a polarimeter. [a]o values are reported at a given
temperature (°C) in degrees cm?+ g " with concentration in g/100 mL.

Chiral HPLC analysis: Enantiomeric ratio (ee) values were determined by chiral HPLC with chiral IG, OD, OX, AZ
and AD columns with hexane and i-PrOH as solvents.

UV/Vis: Measurements were made with Agilent Cary 60 UV-Vis spectrophotometer.

Stern-Volmer quenching studies: Fluorescence spectra was collected on Agilent Fluorescence Spectrophotometer
G9800AS24.

Photoreactor: The photoreactors used in this research were bought from GeAo Chem (Figure S1: purple LEDs, light
intensity = 15.2 mw/cm?, 1 W for every light bulb; every two Schlenk tube was irradiated by 6 light bulbs from the side).
Gram-scale reaction was performed under irradation of purple LEDs (Kessil PR160L-390 nm), which is bought from
Anhui Kemi Machinery Technology Co., Ltd. (http://www.kemiyigi.com/).

Figure S1. Photoreactor used in this research (4 x 6 W purple LEDs)
Note: All photos in this material were taken by the first author Guo-Qing Li.
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2. Preparation of Materials

Reagents, unless otherwise stated, were used as supplied from commercial sources without further purification.
Anhydrous solvent (DMF, DCM, CHs;CN, MeOH, toluene and THF) were taken from JC-Meyer solvent purification
system. Anhydrous DMA, DCE, EtOAc and 1,4-dioxane were purchased from J&K reagent company.

All 1,3-enynes were prepared from alkynes and vinyl bromideaccording to the reported literature.?

Oxime esters 2a-2f were prepared from the corresponding ketones by following the literature report.?

Ligands L1-L6, L8, L9 and L12-L16 were purchased from Bide Pharmatech. L73, L10% L11%and L17° were
prepared according to the reported literature.

3. Details for Condition Optimizations

Table S1 The effect of solvents®

\
S OCOR :
Cu(CH3CN),PFg (1.0 mol%) ;

1a /©/COOH L1 (1.2 mol%) F CN ! OQ(O
* '
Q\N/OBOC MeO,C Solvent (2.0 mL) 4aa S/;\‘ '\}\)

4 x 6 W purple LEDs, rt, 24 h

2a 3a R = 4-CO,MeCgHy Ph L1 Ph
Entry Solvent Yield [%]t ee [%]t
1 THF Trace -
2 DCM 33 34
3 MeOH 43 8
4 CHsCN 53 31
5 DMF 24 7
6 Toluene Trace -
7 EtOAC Trace -
8 DME 13 0
9 DCE 63 60

[al1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3CN)4PFs (0.001 mmol, 1.0 mol%) and chiral ligand
L1 (0.0012 mmol, 1.2 mol%) in 2.0 mL solvent for 24h under the irradiation of 4 x 6 W purple LEDs. [’ NMR yield
determined by using 1,3,5-trimethoxybenzene as an internal standard. [ Determined by chiral HPLC.

As shown in Table S1, among all the tested, DCE (2.0 mL) gave the best results (63% vyield, 60% ee), and was thus
selected for further optimization studies.

Table S2. The effect of copper salts®

7O
oS OCOR '
Copper salt (1.0 mol%) '
1a COOH o '
. /@/ L1 (1.2 mol%) y CN o o
1 | |
Q\ _OBoc  MeO,C DCE (2.0 mL) 4aa ! N N\>
N 4 x 6 W purple LEDs, rt, 24 h ' 3
2a 3a R =4-CO,MeCgHy + Ph L1 Ph
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Entry Copper Salt Yield [%] ee [%]

1 CuOAc 10 12
2 cucl 53 6
3 CuBr 48 31
4 CuOTf 5 29
5 CuCN 8 0
6 CuSCN 13

7 CuTc 50 0
8 Cu(OTH), 54 58
9 Cu(CH3sCN)4PFs 63 60

[l 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), copper salt (0.001 mmol, 1.0 mol%) and chiral ligand L1
(0.0012 mmol, 1.2 mol%) in 2.0 mL DCE for 8 h under the irradiation of 4 x 6 W purple LEDs. 1 NMR vyield
determined by using 1,3,5-trimethoxybenzene as an internal standard. [ Determined by chiral HPLC.

As shown in Table S2, among all the tested, Cu(CH3CN)4PFs gave the best results (63% yield, 60% ee), and was thus
selected for further optimization studies..

Table S3. The effect of temperature and catalyst loading(®

Z4 NV
X OCOR
Cu(CH3CN)4PFg (x mol%)

1a COOH L1 (1.2x mol%) Z CN ero

. ‘
Q\N/OBOC MeO,C , \\)
2

DCE (2.0 mL) 4aa ' N N
4 x 6 W purple LEDs, rt, 24 h ' P
2a 3a R= 4-C02MGCGH4 ' Ph L1 h
Entry Conditions Yield [%]™ ee [%]
1 with 1.0 mol% [Cu], 1.2 mol% L1 63 60
2 with 2.0 mol% [Cu], 2.4 mol% L1 80 63
3 with 5.0 mol% [Cu], 6.0 mol% L1 81 60

[l 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CHsCN)4PFg (0.00x mmol, x mol%) and chiral ligand L1
(0.0012x mmol, 1.2x mol%) in 2.0 mL DCE for 24 h under the irradiation of 4 x 6 W purple LEDs. I NMR yield
determined by using 1,3,5-trimethoxybenzene as an internal standard. [’ Determined by chiral HPLC.

As shown in Table S3, among all the tested, a combination of Cu(CHsCN)sPFs (2.0 mol%) and chiral ligand L1 (2.4
mol%) gave the best results (80% yield, 63% ee), and was thus selected for further studies.

Table S4. The effect of chiral ligands®®®]

N
X OCOR

Cu(CH3CN),PFg (2.0 mol%)

12 /@/COOH L (2.4 mol%) — N
N
Q\N/osoc MeO,C DCE (2.0 mL) 4aa

4 x 6 W purple LEDs, rt, 24 h
3a R =4-CO,MeCgH,4

2a
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Ar
Bn Bn
o ) oﬁxro OWXrO 0 0
r 1) I Cr v
N N—/ N N— N N N N
i Ph h° T= Ph Ph R Ph PR Ph
(S, S)-L1 (R, R)-L2 (S, S)-L3 (S, S)-L4 (R, R)-L5 (R, R)-L6 Ar = 1-naphthyl
80% yield, 63% ee 84% yield, -49% ee 61% yield, 53% ee 83% yield, 67% ee 84% yield, -67% ee 74% yield, -71% ee
@% Oxgwh @%Q QXQ @*
P Ar A
(R R)-L7 Ar=3,52PMPCeH; (4R, 55)-L8 (S, 5)-L9 (S, S)}-L10 Ar=1,2,3,4,5-MeCg (5, S)-L11 Ar = 3,5- 2‘BuCGH3 (R, R)-L12
80% vyield, -74% ee 67% vyield, -65% ee 79% yield, -75% ee 43% yield, 56% ee 84% yield, 86% ee 44% vyield, -50% ee
o O & O
(o) (@)
/0 07N\
: N
PR N\) l\/ Ph“ 3
Ph PR Pr ’Pf o " Ar
(R, R)-L13 (S, S)-L14 (S, S)-L15 (4S, 5S)-L16 (S, S)-L17 Ar = 3,5-2'BuCgH,
8% yield, -54% ee 74% yield, 82% ee 17% yield, -70% ee 73% yield, 48% ee 91% yield, 95% ee

[l 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3CN)4PFs (0.002 mmol, 2.0 mol%) and chiral ligand
L (0.0024 mmol, 2.4 mol%) in 2.0 mL DCE for 24 h under the irradiation of 4 x 6 W purple LEDs. 1 NMR vyield
determined by using 1,3,5-trimethoxybenzene as an internal standard. ] Determined by chiral HPLC.

As shown in Table S4, among all the tested, chiral ligand L17 (2.4 mol%) gave the best results (91% yield, 95% ee), and

was thus selected for further optimization studies.

Table S5. Control experimentst?

/\\

g O
Cu(CH3CN),PFg (2.0 mol%) ;
1a COOH L17 (2.4 mol%) = CN ! 0
+ 0 \N N/ (0}
Q\N/osoc MeO,C DGE (2.0 mL) 4aa } k< N

4 x 6 W purple LEDs, rt, 24 h

2a 3a R = 4-CO,MeCgH, Ar AF
(S, S)-L17
(Ar = 3,5-2'BuCgHs)
Entry hv Cu(CH3CN)4PFs L17 Yield [%]] ee [%]
10 x ol v 17 95
21 v x v N.R. -
3l \ \ x 11 -
4 v N N 91 (90) 95

[a11a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3sCN)sPFs (0.005 mmol, 2.0 mol%) and chiral ligand
L17 (0.0024 mmol, 2.4 mol%) in 2.0 mL DCE for 24 h under the irradiation of 4 x 6 W purple LEDs. PINMR yield
determined by using 1,3,5-trimethoxybenzene as an internal standard. Value in parentheses is isolated yield. [°]
Determined by chiral HPLC. [ Without the irradiation. I Without the copper salt. 1 Without the ligand. N.R. = no
reaction.

The results of Table S5 reveal that each component is essential for the reaction.
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4. General Procedure and Characterization Data of Products

4.1 General procedure (with product 4aa as an example)

Z
- - Or(D
Cu(CH3CN),PFg (2.0 mol%) :
1a COOH L17 (2.4 mol%) = CN ! 0
+ O] \N N/ (6}
Q\N/osoc MeO,C DGE (2.0 mL) 4aa ; k< N

4 x 6 W purple LEDs, rt, 24 h ' 3
2a 3a R = 4-CO,MeCgH,4 ! Ar Ar
(S, S)-L17
(Ar = 3,5-2'BuCgHs)

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (0.75 mg, 0.002 mmol) and chiral ligand L17 (1.64 mg, 0.0024 mmol), followed by the addition of
DCE (2.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (18.0 mg, 0.10
mmol), 1a (38.4 mg, 0.30 mmol) and 2a (37.0 mg, 0.20 mmol) were added. Then, the resulting mixture was degassed (3
times) under argon atmosphere. At last, the mixture was stirred at a distance of ~1 cm from 4 x 6 W purple LEDs at room
temperature for 24 h. The product was purified by flash column chromatography on silica gel to afford the desired
product with petroleum ether and ethyl acetate (7:1, v/v) in 90% yield and 95% ee.

Note: The racemic samples were prepared according to the general procedure by replacing the chiral ligand with
racemic ligand L1 (by mixing equal parts R-L1 and S-L1).

4.2 Characterization data of products

(S)-7-cyano-1-phenylhept-1-yn-3-yl methyl terephthalate 4aa

90% isolated yield (33.8 mg), colorless oil, [a]p?® = 63.44 (c = 0.5 in CHClIs); 95% ee, determined
by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tr (major) = 19.38 min, tz (minor) = 27.22 min. *H NMR (400 MHz, CDCls) &
9 o (ppm) 8.16 — 8.10 (M, 4H), 7.47 — 7.44 (m, 2H), 7.34 — 7.29 (m, 3H), 5.89 (t, J = 6.3 Hz, 1H),
Z N 3.94 (s, 3H), 2.44 — 2.38 (M, 2H), 2.06 — 2.04 (m, 2H), 1.82 — 1.76 (m, 4H). *C NMR (100 MHz,
CDCls) 6 (ppm) 166.1, 164.6, 134.1, 133.5, 131.8, 129.7, 129.5, 128.8, 128.2, 121.8, 119.3, 86.2,

85.5, 65.0,52.4, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]* calcd for C,3H2:NNaQ4: 398.1363, found: 398.1364.

CO,Me

4aa

(S)-7-cyano-1-(p-tolyl)hept-1-yn-3-yl methyl terephthalate 4ba
78% isolated yield (30.4 mg), colorless oil, [a]o®® = 25.73 (¢ = 0.5 in CHCI3); 85% ee,

o determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0

mL/min, A = 254 nm, 25 °C), tg (major) = 14.89 min, tg (minor) = 22.24 min. *H NMR (400

§° MHz, CDCls) & (ppm) 8.17 — 8.09 (m, 4H), 7.35 (d, J = 7.9 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H),

7 iba ™ 58 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.49 — 2.38 (m, 2H), 2.33 (s, 3H), 2.05 — 2.04 (m, 2H),

Me 1.83 — 1.75 (m, 4H). **C NMR (100 MHz, CDCls) & (ppm) 166.1, 164.7, 139.0, 134.1, 133.5,

131.8, 129.7, 129.5, 129.0, 119.3, 118.7, 86.3, 84.8, 65.1, 52.4, 34.1, 24.9, 24.2, 21.4, 17.1. HRMS (El): m/z [M + Na]*
calcd for C24H23NNaO4: 412.1519, found: 412.1518.

(S)-7-cyano-1-(4-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4ca
COMe 90% isolated yield (36.5 mg), colorless oil, [a]p® = 63.00 (¢ = 0.5 in CHCIs3); 89% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 29.83 min, tz (minor) = 35.90 min. *H NMR
(400 MHz, CDCls3) 3 (ppm) 8.16 — 8.08 (m, 4H), 7.42 — 7.36 (m, 2H), 6.85 — 6.79 (m, 2H),

MeO
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5.87 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 3.79 (s, 3H), 2.42 — 2.39 (m, 2H), 2.09 — 1.99 (m, 2H), 1.83 — 1.73 (m, 4H). 13C
NMR (100 MHz, CDCls) § (ppm) 166.1, 164.7, 159.9, 134.0, 133.5, 133.4, 129.7, 129.5, 119.3, 113.9, 113.8, 86.2, 84.1,
65.1, 55.2, 52.4, 34.1, 24.9, 24.2, 17.1. HRMS (EI): m/z [M + Na]* calcd for CosH2sNNaOs: 428.1468, found: 428.1466.

(S)-7-cyano-1-(4-propylphenyl)hept-1-yn-3-yl methyl terephthalate 4da

CO,Me 89% isolated yield (37.5 mg), colorless oil, [a]p® = 21.47 (c = 0.5 in CHCI3); 90% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tr (major) = 12.44 min, tz (minor) = 18.36 min. *H NMR (400
on  MHz, CDCl3) 6 (ppm) 8.17 — 8.07 (m, 4H), 7.37 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H),
4da 5.88 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.56 (t, J = 7.6 Hz, 2H), 2.40 - 2.39 (m, 2H), 2.07 — 2.02
(m, 2H), 1.84 — 1.74 (m, 4H), 1.64 — 1.58 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). *C NMR (100
MHz, CDCls) 6 (ppm) 166.1, 164.7, 143.8, 134.1, 133.5, 131.8, 129.7, 129.5, 128.4, 119.3, 119.0, 86.4, 84.8, 65.1, 52.4,

37.9,34.1,25.0,24.2,17.1, 13.7. HRMS (EI): m/z [M + Na]* calcd for CosH27NNaO,: 440.1832, found: 440.1831.

(S)-1-(4-(tert-butyl)phenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4ea
85% isolated yield (36.7 mg), colorless oil, [a]p® = 50.01 (¢ = 0.5 in CHCls); 92% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5
mL/min, A = 254 nm, 25 °C), tr (major) = 9.65 min, tz (minor) = 11.51 min. *H NMR (400
g ° MHz, CDCl3) & (ppm) 8.17 — 8.09 (m, 4H), 7.39 (d, J = 8.5 Hz, 2H), 7.35 — 7.30 (m, 2H), 5.88
Z N (t, 3= 6.3 Hz, 1H), 3.95 (s, 3H), 2.40 (t, J = 4.4 Hz, 2H), 2.09 — 1.98 (m, 2H), 1.83 - 1.79 (m,
Bu oo 4H), 1.29 (s, 9H). 3C NMR (100 MHz, CDCls) & (ppm) 166.2, 164.7, 152.1, 134.1, 133.5,
131.6, 129.7, 129.5, 125.8, 119.5, 118.8, 86.4, 84.8, 65.1, 52.4, 34.8, 34.1, 31.1, 25.0, 24.2, 17.1. HRMS (El): m/z [M +
Na]* calcd for C27H20NNaO4: 454.1989, found: 454.1986.

CO,Me

(S)-1-([1,1'-biphenyl]-4-yl)-7-cyanohept-1-yn-3-y| methyl terephthalate 4fa
81% isolated yield (36.5 mg), colorless oil, [a]p?® = 77.30 (¢ = 0.5 in CHCIs3); 95% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 20.61 min, tr (minor) = 36.91 min. *H NMR

COOMe

o0 (400 MHz, CDCls) & (ppm) 8.18 - 8.12 (m, 4H), 7.58 (d, J = 8.3 Hz, 2H), 7.55 (s, 4H), 7.46
O Z N 7.42 (m, 2H), 7.36 (t, J = 7.4 Hz, 1H), 5.92 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.43 — 2.41
O 4a (m, 2H), 2.13 — 2.03 (m, 2H), 1.83-1.79 (m, 4H). 3C NMR (100 MHz, CDCl3) & (ppm)

166.1, 164.6, 141.5, 140.0, 134.1, 133.4, 132.3, 129.7, 129.5, 128.8, 127.7, 126.9, 126.9,
120.7, 119.3, 86.1, 86.0, 65.0, 52.4, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]* calcd for C2gH2sNNaO4: 474.1676,
found: 474.1673.

(S)-7-cyano-1-(4-fluorophenyl)hept-1-yn-3-yl methyl terephthalate 4ga
COOMe 94% isolated yield (37.0 mg), colorless oil, [a]p?® = 16.90 (¢ = 0.5 in CHCl3); 93% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 13.06 min, tg (minor) = 22.43 min. *H NMR
(400 MHz, CDCl3) & (ppm) 8.15 — 8.08 (m, 4H), 7.43 (m, 2H), 6.99 (t, J = 8.7 Hz, 2H), 5.85
‘oo (t, J = 6.3 Hz, 1H), 3.93 (s, 3H), 2.41 (m, 2H), 2.07 — 1.96 (m, 2H), 1.81 — 1.75 (m, 4H). *C
F NMR (100 MHz, CDCls) & (ppm) 166.1, 164.6, 162.7 (d, J = 250.2 Hz), 134.1, 133.8 (d, J =
8.5 Hz), 133.4, 129.6 (d, J = 15.9 Hz), 119.3, 117.9, 117.9, 115.5 (d, J = 22.2 Hz), 85.2, 85.1, 64.9, 52.4, 33.9, 24.9, 24.1,
17.0. °F NMR (376 MHz, CDCl3) & (ppm) -109.9. HRMS (El): m/z [M + Na]* calcd for CzsH2CINNaOg4: 416.1269,

found: 416.1266.

é CN

(S)-1-(4-chlorophenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4ha
80% isolated yield (32.7 mg), colorless oil, [a]p?® = 21.23 (c = 0.5 in CHCIs); 96% ee, determined by HPLC analysis
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COOMe

[ e]
= CN
4ha
C

(Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C),
tr (Major) = 14.51 min, tr (minor) = 23.91 min. *H NMR (400 MHz, CDCl3) & (ppm) 8.18 —
8.18 —8.13 (m, 4H), 7.44 — 7.38 (m, 2H), 7.32 - 7.29 (m, 2H), 5.89 (t, J = 6.3 Hz, 1H), 3.97 (s,
3H), 2.47 — 2.42 (m, 2H), 2.10-2.05 (m, 2H), 1.83 - 1.79 (m, 4H). **C NMR (100 MHz,
CDCl3) 6 (ppm) 166.1, 164.6, 134.8, 134.1, 133.3, 133.1, 129.67, 129.5, 128.6, 120.3, 119.3,
86.4, 85.0, 64.8, 52.4, 33.9, 24.9, 24.2, 17.1. HRMS (El): m/z [M + Na]* calcd for

C23H20CINNaO4: 432.0973, found: 432.0970.

(S)-7-cyano-1-(4-(trifluoromethyl)phenyl)hept-1-yn-3-yl methyl terephthalate 4ia

COOMe

o~ "o
= CN
4ia
F3C

82% isolated yield (36.3 mg), colorless oil, [a]p® = 20.03 (¢ = 0.5 in CHCI3); 96% ee,
determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 220 nm, 25 °C), tr (minor) = 20.08 min, tr (major) = 26.69 min. *H NMR (400
MHz, CDCls) é (ppm) 8.18 — 8.10 (m, 4H), 7.57 (s, 4H), 5.88 (t, J = 6.4 Hz, 1H), 3.95 (s, 3H),
2.44 —2.41 (m, 2H), 2.10 -2.04 (m, 2H), 1.84 — 1.76 (m, 4H). 13C NMR (100 MHz, CDCl3) &
(ppm) 166.4, 164.7, 134.3, 133.3, 132.1, 130.5 (d, J = 32.7 Hz), 129.7 (d, J = 14.6 Hz), 125.7,
125.2 (d, J = 4.0 Hz), 119.3, 87.9, 84.8, 64.7, 52.5, 33.9, 24.9, 24.2, 17.1. **F NMR (376 MHz,

CDCl3) 6 (ppm) -62.89. HRMS (EIl): m/z [M + Na]* calcd for CasH20F3N2NaO4: 466.1237, found: 466.1235.

(S)-7-cyano-1-(4-(trifluoromethoxy)phenyl)hept-1-yn-3-yl methyl terephthalate 4ja

COOMe

80% isolated yield (36.7 mg), colorless oil, [a]p® = 71.00 (c = 0.5 in CHCl3); 92% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tg (major) = 10.28 min, tg (minor) = 16.12 min. '"H NMR
(400 MHz, CDCls) & (ppm) & 8.16 — 8.09 (m, 4H), 7.48 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.3

(0] o]
Q/MC” Hz, 2H), 5.87 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.46 — 2.39 (m, 2H), 2.08 - 2.03 (M, 2H),
FicO 4 1.81 — 1.77 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 166.1, 164.7, 149.3, 134.2,
133.4(d, J = 11.0 Hz), 129.7 (d, J = 14.5 Hz), 120.8, 120.6, 119.3, 86.4, 84.8, 64.8, 52.4, 33.9, 24.9, 24.2, 17.1. 9F NMR
(376 MHz, CDCls3) 6 (ppm) -57.80. HRMS (EI): m/z [M + Na]* calcd for Ca4H20F3sNNaOs: 482.1186, found: 482.1187.

(S)-7-cyano-1-(4-(methoxycarbonyl)phenyl)hept-1-yn-3-yl methyl terephthalate 4ka

COOMe

83% isolated yield (35.9 mg), colorless oil, [a]p® = 17.77 (¢ = 0.5 in CHCI3); 90% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, X = 254 nm, 25 °C), tg (major) = 22.76 min, tr (minor) = 42.47 min. 'H NMR
(400 MHz, CDCls) & (ppm) 8.17 — 8.09 (m, 4H), 7.97 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.1

(o) o]
Q/'\/\ACN Hz, 2H), 5.88 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 2.45 — 2.38 (m, 2H), 2.08 —
100G 4K 2.03 (m, 2H), 1.81 — 1.77 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 166.3, 166.1,
164.6, 134.2, 133.3, 131.8, 130.1, 129.7, 129.6, 129.4, 126.5, 119.3, 88.3, 85.3, 64.8, 52.5, 52.2, 33.9, 24.9, 24.2, 17.1.

HRMS (El): m/z [M + Na]* calcd for CasH23NNaOg: 456.1418, found: 456.1417.
(S)-7-cyano-1-(m-tolyl)hept-1-yn-3-yl methyl terephthalate 4la

COOMe

[eXe]
CN
Me é;
4la

90% isolated yield (26.5 mg), colorless oil, [a]p® = 15.47 (c = 0.5 in CHCIs); 93% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tz (major) = 18.07min, tg (minor) = 22.99 min. *H NMR (400
MHz, CDCls) & (ppm) 8.22 — 8.14 (m, 4H), 7.33 (s, 1H), 7.30 (d, J = 3.3 Hz, 1H), 7.23 (d, J =
7.5 Hz, 1H), 7.18 (d, J = 7.7 Hz, 1H), 5.93 (t, J = 6.3 Hz, 1H), 3.99 (s, 3H), 2.49 — 2.43 (m,
2H), 2.36 (s, 3H), 2.14 — 2.04 (m, 2H), 1.85 — 1.82 (m, 4H). *C NMR (100 MHz, CDCls) &

(ppm) 166.1, 164.6, 138.0, 134.1, 133.5, 132.4, 129.7, 129.7, 129.5, 128.9, 128.1, 121.6, 119.3, 86.3, 85.1, 65.0, 52.4,
34.0,24.9,24.2,21.1,17.1. HRMS (El): m/z [M + Na]* calcd for C24H23sNNaO4: 412.1519, found: 412.1511.
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(S)-7-cyano-1-(3-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4ma
88% isolated yield (35.6 mg), colorless oil, [a]p® = 14.53 (c = 0.5 in CHCI3); 96% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 18.03 min, tg (minor) = 20.23 min. *H NMR
g © (400 MHz, CDCl3) 5 (ppm) 8.16 — 8.08 (m, 4H), 7.20 (t, J = 8.0 Hz, 1H), 7.04 (d, J = 7.6 Hz,
MeOO/KAACN 1H), 6.98 — 6.97 (m, 1H), 6.89 — 6.85 (M, 1H), 5.87 (t, J = 6.3 Hz, 1H), 3.93 (s, 3H), 3.77 (s,
fme 3H), 2.45 — 2.38 (m, 2H), 2.10 — 1.99 (m, 2H), 1.80 — 1.76 (m, 4H). *C NMR (100 MHz,

CDCls) 8 (ppm) 166.0, 164.6, 159.1, 134.1 133.4, 129.7, 129.5, 129.3, 124.3, 122.7, 119.3, 116.5, 115.4, 86.0, 85.2, 64.9,
55.2,52.4,33.9,24.9, 24.2, 17.0. HRMS (El): m/z [M + Na]* calcd for C24H23NNaOs: 428.1468, found: 428.1467.

COOMe

(S)-7-cyano-1-(3-fluorophenyl)hept-1-yn-3-yl methyl terephthalate 4na
94% isolated yield (37.0 mg), colorless oil, [0]p?® = 20.57 (c = 0.5 in CHCI3); 96% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 250 nm, 25 °C), tr (major) = 14.13 min, tz (minor) = 24.50 min. *H NMR (400
oo MHz, CDCls) & (ppm) 8.18 — 8.11 (m, 4H), 7.29 (d, J = 6.1 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H),
FO/MCN 7.18 — 7.15 (m, 1H), 7.05 (t, J = 8.4 Hz, 1H), 5.88 (t, J = 6.3 Hz, 1H), 3.96 (s, 3H), 2.45 — 2.42
4na (m, 2H), 2.10 — 2.04 (m, 2H), 1.83 — 1.78 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 166.1,
164.6, 162.1 (d, J = 246.9 Hz), 134.2, 133.3, 129.9 (d, J = 8.6 Hz), 129.7, 129.5, 127.8, (d, J = 3.1 Hz), 123.6 (d, J = 9.3

Hz), 119.3, 118.9 (d, J = 22.9 Hz), 116.2 (d, J = 21.1 Hz), 86.4, 84.9, 84.8, 64.7, 52.4, 33.9, 24.98, 24.2, 17.1. °F NMR
(376 MHz, CDCls) 6 (ppm) -113.93. HRMS (EI): m/z [M + Na]* calcd for CasH20FNNaO4: 416.1269, found: 416.1265.

COOMe

(S)-1-(3-bromophenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4o0a
GOOMe 89% isolated yield (40.3 mg), colorless oil, [a]o® = 46.13 (¢ = 0.5 in CHCI3); 95% ee,
determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate
1.0 mL/min, A = 254 nm, 25 °C), tg (minor) = 13.49 min, tr (major) = 16.18 min. *H NMR
Br\©/?\/0\/\CN (400 MHz, CDCls) & (ppm) 8.15 — 8.09 (m, 4H), 7.59 (t, J = 1.8 Hz, 1H), 7.46 — 7.43 (m,
ron 1H), 7.39 — 7.36 (m, 1H), 7.17 (t, J = 7.9 Hz, 1H), 5.85 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.41
(t, J = 6.4 Hz, 2H), 2.07 — 2.02 (m, 2H), 1.79 — 1.76 (m, 4H). 3C NMR (100 MHz, CDCls) &

(ppm) 166.1, 164.6, 134.5, 134.1, 133.3 131.9, 130.4, 129.7, 129.5, 123.8, 122.0, 119.3, 86.8, 84.5, 64.7, 52.4, 33.9, 24.9,
24.2,17.1. HRMS (EI): m/z [M + Na]* calcd for C23H20BrNNaO4: 476.0468, found: 476.0467.

(S)-7-cyano-1-(2-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4pa
84% isolated yield (32.8 mg), colorless oil, [a]p?® = 47.37 (¢ = 0.5 in CHCl3); 98% ee, determined

COOMe

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =

? 254 nm, 25 °C), tr (major) = 14.09 min, tr (minor) = 23.35 min. *H NMR (400 MHz, CDCls) §

§ ° (ppm) 7.86 — 7.81 (m, 4H), 7.52 — 7.47 (m, 3H), 7.15 (d, J = 3.3 Hz, 1H), 6.14 — 6.10 (m, 2H),

Z N 238 (s, 3H), 2.32 (t, J = 7.1 Hz, 2H), 2.19 — 2.12 (m, 1H), 2.05 — 1.97 (m, 1H) 1.76 — 1.61 (m,
we 3H), 1.55 — 1.46 (m, 1H). 3C NMR (100 MHz, CDCls) & (ppm) 166.2, 164.7, 140.5, 134.1, 133.5,

132.1, 129.7, 129.6, 129.4, 128.8, 125.5, 121.6, 119.3, 89.3, 85.3, 65.2, 52.5, 34.1, 25.0, 24.3, 20.6, 17.1. HRMS (EI):
m/z [M + Na]* calcd for CasH23NNaO4: 412.1519, found: 412.1513.

(S)-7-cyano-1-(2-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4qa

COOMe 83% isolated yield (33.6 mg), colorless oil, [0a]p® = 48.70 (c = 0.5 in CHCl3); 94% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tr (major) = 36.75 min, tr (minor) = 46.26 min. *H NMR (400
MHz, CDCls) 6 (ppm) 8.16 — 8.10 (m, 4H), 7.43 — 7.40 (m, 1H), 7.33 — 7.27 (m, 1H), 6.92 —
6.84 (m, 2H), 5.96 (t, J = 6.2 Hz, 1H), 3.95 (s, 3H), 3.87 (s, 3H), 2.44 — 2.36 (m, 2H), 2.09 —

= CN
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2.04 (m, 2H), 1.83 — 1.79 (m, 4H). *C NMR (100 MHz, CDCls) & (ppm) 166.3, 164.8, 160.3, 134.1, 133.9, 133.7, 130.4,
129.8, 129.6, 120.4, 119.5, 111.1, 110.6, 65.4, 55.8, 52.5, 34.1, 25.1, 24.3, 17.2. HRMS (EI): m/z [M + Na]* calcd for
Ca4H23NNaOs: 428.1468, found: 428.1463.

(S)-1-(2-chlorphenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4ra
COOMe 90% isolated yield (36.8 mg), colorless oil, [a]o?® = -4.00 (c = 0.5 in CHClIs); 95% ee, determined
by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tr (major) = 4.95 min, tg (minor) = 12.22 min. *H NMR (400 MHz, CDCls) §
@\/?\iﬂm (ppm) 8.17 — 8.08 (m, 4H), 7.50 — 7.47 (m, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.21 (m, 2H), 5.93 (t, J
ara = 6.3 Hz, 1H), 3.95 (s, 3H), 2.42 (t, J = 6.3 Hz, 2H), 2.09 — 2.06 (m, 2H), 1.85 — 1.79 (m, 4H). 3C
¢ NMR (100 MHz, CDCls) & (ppm) 166.2, 164.7, 136.2, 134.2, 133.6, 133.4, 129.9, 129.8, 129.8,
129.6, 129.3, 126.4, 121.8, 119.4, 90.6, 65.0, 52.5, 33.9, 25.0, 24.2, 17.1. HRMS (El): m/z [M + Na]* calcd for
Ca3H20CINNaO4: 432.0973, found: 432.0972.
(S)-5-cyano-1-(naphthalen-2-yl)pentyl thiophene-3-arboxylate 4sa
COOMe 90% isolated yield (31.1 mg), colorless oil, [a]p® = 32.97 (c = 0.5 in CHCIls); 95% ee,
determined by HPLC analysis (Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate
o 1.0 mL/min, A = 254 nm, 25 °C), tr (minor) = 56.70 min, tz (Major) = 63.79 min. *H NMR
CN (400 MHz, CDCls) & (ppm) 8.20 — 8.11 (m, 4H), 8.01 (d, J = 1.5 Hz, 1H), 7.81 — 7.75 (m,
O ssa 3H), 7.51 — 7.47 (m, 3H), 5.94 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.45 — 2.39 (m, 2H), 2.12 —
2.07 (m, 2H), 1.83 — 1.79 (m, 4H). 3C NMR (100 MHz, CDCl3) & (ppm) 166.1, 164.7,

134.1, 133.5, 132.9, 132.7, 132.0, 129.7, 129.5, 128.2, 127.9, 127.7, 127.7, 126.9, 126.6, 119.3, 119.1, 86.5, 85.7, 65.0,
52.4,34.0, 24.9, 24.3, 17.1. HRMS (EIl): m/z [M + Na]* calcd for C»7H23NNaO4: 448.1519, found: 448.1513.

(S)-7-cyano-1-(naphthalen-2-yl)hept-1-yn-3-yl methyl terephthalate 4ta
GOOMe 89% isolated yield (37.8 mg), colorless oil, [a]p?® = 12.10 (¢ = 0.5 in CHCI3); 91% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate
0o 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 24.10 min, tr (minor) = 33.78 min. 'H NMR
_ on (400 MHz, CDCls) & (ppm) 8.28 (d, J = 8.3 Hz, 1H), 8.21 — 8.11 (m, 4H), 7.85 (d, J = 8.2 Hz,
2H), 7.71 — 7.60 (m, 1H), 7.60 — 7.56 (M, 1H), 7.54 — 7.50 (m, 1H), 7.44 — 7.40 (m, 1H), 6.03
(t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.44 (t, J = 6.4 Hz, 2H), 2.18 — 2.14 (m, 2H), 1.89 — 1.83 (m,
4H). 3C NMR (100 MHz, CDCl3) & (ppm) 166.2, 164.8, 134.2, 133.5, 133.3, 133.0, 131.0, 129.8, 129.6, 129.4, 128.3,
127.0, 126.5, 125.8, 125.1, 119.4, 119.4, 90.3, 84.4, 65.3, 52.5, 34.2, 25.0, 24.4 17.2. HRMS (El): m/z [M + Na]* calcd
for C27H23NNaO4: 448.1519, found: 448.1520.
(S)-7-cyano-1-(thiophen-2-yl)hept-1-yn-3-yl methyl terephthalate 4ua
COOMe 94% isolated yield (35.8 mg), colorless oil, [a]p® = 11.90 (c = 0.5 in CHCl5); 88% ee, determined
by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tr (major) = 20.34 min, tz (minor) = 32.20 min. *H NMR (400 MHz, CDCls) §
_ oy (ppm) 8.16 — 8.10 (m, 4H), 7.28 (d, J = 5.4 Hz, 1H), 7.26 (d, J = 3.8 Hz, 1H), 6.98 - 6.96 (m, 1H),
\\s sua 5.90 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.42 (t, J = 6.5 Hz, 2H), 2.09 — 2.03 (m, 2H), 1.82 — 1.75 (m,
4H). 3C NMR (100 MHz, CDCl3) & (ppm) 166.2, 164.7, 134.2, 133.4, 133.1, 129.8, 129.6, 127.9,
127.0, 121.7, 119.3, 89.4, 79.6, 65.0, 52.5, 33.9, 25.0, 24.3, 17.1. HRMS (EI): m/z [M + Na]* calcd for
C21H19NNa04S:404.0927, found: 404.0921.

(S)-7-cyano-1-(thiophen-3-yl)hept-1-yn-3-yl methyl terephthalate 4va
80% isolated yield (31.6 mg), colorless oil, [a]p?® = 11.40 (c = 0.5 in CHCIls); 95% ee, determined by HPLC analysis
(Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (major) = 20.37 min, tr
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coome (minor) = 31.98 min. *H NMR (400 MHz, CDCls) & (ppm) 8.18 — 8.10 (m, 4H), 7.52 — 7.51 (m,

1H), 7.29 — 7.26 (m, 1H), 7.14 — 7.13 (m, 1H), 5.87 (t, J = 6.3 Hz, 1H), 3.96 (s, 3H), 2.42 (t, J =

4.4 Hz, 2H), 2.08 — 2.03 (m, 2H), 1.82 — 1.77 (m, 4H). *C NMR (100 MHz, CDCl3) & (ppm)

P _, 166.1,164.6, 134.1, 133.4, 129.8, 129.7, 129.5, 125.4, 1208, 119.3, 85.1, 81.3, 65.0, 524, 339,

an . 24.9, 242, 17.0. HRMS (EI): m/iz [M + Na]* calcd for Ca;HioNNaO,S:404.0927, found:
° 404.0921.

(S)-1-cyanotridec-6-yn-5-yl methyl terephthalate 4wa

CooMe 93% isolated yield (33.8 mg), colorless oil, [a]p?® = 0.34 (¢ = 0.5 in CHCI3); 18% ee,
determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tg (minor) = 11.71 min, tr (major) = 13.34 min. *H NMR (400
M\MCN MHz, CDCls) & (ppm) 8.10 (s, 4H), 5.66 — 5.59 (m, 1H), 3.94 (s, 3H), 2.38 (t, J = 6.7 Hz, 2H),

dwa 2.23-2.19 (m, 2H), 1.92 (d, J = 6.9 Hz, 2H), 1.771- 1.69 (m, 4H), 1.53 — 1.46 (m, 2H), 1.39 -
1.33 (m, 2H), 1.30 — 1.24 (m, 4H), 0.86 (t, J = 6.7 Hz, 3H). 3C NMR (100 MHz, CDCls) & (ppm) 166.2, 164.7, 134.0,
133.7,129.7, 129.5, 119.4, 87.4, 65.0, 52.4, 34.2, 31.2, 28.4, 28.3, 25,0, 24.2, 22.5, 18.7, 17.1, 14.0. HRMS (El): m/z [M
+ Na]* calcd for Ca3H29NNaO4: 406.1989, found: 406.1994.

(S)-9-cyano-1-methoxy-2-(methoxycarbonyl)-1-oxonon-3-yn-5-yl methyl terephthalate 4xa
COOMe 61% isolated yield (30.4 mg), colorless oil, [a]p® = 5.13 (¢ = 0.5 in CHCls); 72% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0

o mL/min, A = 254 nm, 25 °C), tr (major) = 40.29 min, tg (minor) = 52.71 min. 'H NMR (400

Y ov  MHz, CDCls) § (ppm) 8.07 (s, 4H), 5.57 — 5.53 (m, 1H), 3.92 (s, 3H), 3.71 (d, J = 3.6 Hz, 6H),
O

IS 3.57 (t, J = 7.7 Hz, 1H), 2.81 — 2.79 (m, 2H), 2.38 (t, J = 6.9 Hz, 2H), 1.89 — 1.87 (m, 2H),

1.74 — 1.64 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 168.1, 168.0, 166.1, 164.5, 134.0,
133.4, 129.6, 129.5, 129.5, 119.3, 82.4, 79.0, 64.5, 52.7, 52.4, 50.7, 33.8, 24.8, 24.0, 18.7, 17.0. HRMS (EI): m/z [M +
Na]* calcd for C22H23NNaOs: 452.1316, found: 452.1319.

(S)-5-(1-(tert-butoxycarbonyl)-3-(cyanomethyl)azetidin-3-yl)-1-phenylpent-1-yn-3-yl methyl terephthalate 5ba
93% isolated yield (47.0 mg), colorless oil, [a]o® = 11.3 (¢ = 0.5 in CHCI3); 91% ee, determined
by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tr (minor) = 15.96 min, tr (major) = 26.79 min. 'H NMR (400 MHz, CDCls) §

oo (ppm) & 8.14- 8.08 (m, 4H), 7.44 (d, J = 7.0 Hz, 2H), 7.29 (d, J = 6.8 Hz, 3H), 5.87 (t, J = 5.5 Hz,

Z CN1H), 3.91 (d, J = 1.9 Hz, 3H), 3.80 — 3.72 (m, 4H), 2.68 (s, 2H), 2.02 (d, J = 9.7 Hz, 4H), 1.41 (s,

5ba oo 9H). 13C NMR (100 MHz, CDCls) & (ppm) 166.1, 164.6, 156.0, 134.2, 133.2, 131.9, 129.8, 129.6,

123.0, 128.3, 128.3, 128.2, 121.6, 116.7, 86.7, 84.9, 80.1, 64.8, 52.5, 42.6, 42.5, 35.1, 31.8, 31.6, 29.8, 28.3, 28.3, 27.7,
25.1. HRMS (EI): m/z [M + Na]* calcd for C3H32N2NaOs: 539.2153, found: 539.2157.

COOMe

(S)-5-(1-(tert-butoxycarbonyl)-4-(cyanomethyl)piperidin-4-yl)-1-phenylpent-1-yn-3-yl methyl terephthalate 5ca
GOOMe 91% isolated yield (49.5 mg), colorless oil, [a]p® = 112.63 (¢ = 0.5 in CHCIs); 87% ee,
determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tg (minor) = 13.38 min, tr (major) = 26.63 min. *H NMR (400 MHz,
_ on CDCl3) & (ppm) 8.17 — 8.10 (m, 4H), 7.49 — 7.43 (m, 2H), 7.34 — 7.29 (m, 3H), 5.86 (t, J = 6.0 Hz,
Sca~y 1H), 3.94 (s, 3H), 3.49 — 3.36 (m, 4H), 2.42 (s, 2H), 1.98 (d, J = 4.0 Hz, 2H), 1.87 (d, J = 3.3 Hz,
o 2H), 1.60 — 1.57 (m, 4H), 1.44 (s, 9H). 3C NMR (100 MHz, CDCl3) & (ppm) 171.1, 166.2, 164.7,
154.6, 134.2, 133.3, 131.9, 129.8, 129.6, 128.9, 128.3, 121.7, 117.1, 86.4, 85.2, 65.2, 60.4, 52.5, 34.9, 33.9, 31.7, 28.7,

28.3,25.9, 21.0, 14.2. HRMS (EI): m/z [M + Na]* calcd for Cs2H3sN2NaOs: 567.2466, found: 567.2460.
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(2S)-1-(2-(cyanomethyl)cyclopent-3-en-1-yl)-4-phenylbut-3-yn-2-yl methyl terephthalate 5da

COOMe 83% isolated yield (34.3 mg), 1:1.2 d.r., colorless oil, [0]p®® = 22.33 (¢ = 0.5 in CHClIs3); 95% ee/53%
ee, determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 0.5
mL/min, A = 254 nm, 25 °C), tr (major) =49.34 min, tr (minor) = 74.87 min; tz (minor) = 56.83 min,
tr (Major) = 87.02 min. *H NMR (400 MHz, CDCl3) & (ppm) (major + minor) 8.19 — 8.10 (m, 4H),
7.47 (m, 2H), 7.31 (d, J = 6.5 Hz, 3H), 5.96 — 5.91 (m, 1H), 5.88 — 5.85 (m, 1H), 5.67 — 5.64 (m, J
1H), 3.94 (s, 3H), 2.87 — 2.75 (m, 2H), 2.57 — 2.42 (m, 2H), 2.35 — 2.30 (m, 2H), 2.27 — 2.21 (m, 1H),
2.17 — 2.11 (m, 1H). 3C NMR (100 MHz, CDCls) & (ppm) (major + minor) 166.1, 164.7, 164.6, 134.2, 133.4, 133.4,
132.5,132.4, 131.9, 131.8, 130.6, 130.5, 129.7, 129.7, 129.6, 129.5, 128.8, 128.8, 128.3, 128.2, 121.8, 118.5, 118.4, 86.5,
86.3, 85.7, 85.4, 64.5, 64.2, 52.4, 48.2, 48.0, 40.4, 40.4, 40.2, 39.9, 39.1, 39.0, 22.7, 22.6. HRMS (El): m/z [M + Na]*
calcd for CasH2sNNaO4: 436.1519, found: 436.1520.

(S)-5-(2-cyanophenyl)-1-phenylpent-1-yn-3-yl methyl terephthalate 5ea

COOMe 80% isolated yield (33.9 mg), colorless oil, [a]p?®® = 55.40 (c = 0.5 in CHCIls); 95% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 0.5
mL/min, A = 254 nm, 25 °C), tr (major) = 39.14 min, tz (minor) = 61.61 min. *H NMR (400
MHz, CDCls) & (ppm) 8.15 — 8.09 (m, 4H), 7.64 — 7.62 (m, 1H), 7.55 — 7.47 (m, 3H), 7.40 (d, J
O aea - O = 7.4 Hz, 1H), 7.33 — 7.28 (m, 4H), 5.89 (t, J = 6.2 Hz, 1H), 3.95 (s, 3H), 3.20 (t, J = 7.9 Hz, 2H),
2.47 — 2.38 (m, 2H). 3C NMR (100 MHz, CDCls) & (ppm) 166.1, 164.6, 144.5, 134.1, 133.4,
133.0, 132.89, 131.9, 129.8, 129.6, 129.5, 128.8, 128.2, 126.9, 121.8, 117.7, 112.4, 86.6, 85.2, 64.7, 52.4, 35.5, 30.1.

HRMS (El): m/z [M + Na]* calcd for C7H2:NNaO4: 446.1363, found: 446.1367.

o~ o

(3S)-7-cyano-1,6-diphenylhept-1-yn-3-yl methyl terephthalate 5fa

COOMe 85% isolated yield (38.4 mg), 1:1.2 d.r., colorless oil, [0]p®® = 21.50 (c = 0.5 in CHCIls); 98%
ee/96% ee, determined by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow
rate 0.5 mL/min, A = 254 nm, 25 °C), tr (minor) = 44.73 min, tr (major) = 62.35 min; tz (minor) =
48.01 min, tr (major) = 56.66 min. *H NMR (400 MHz, CDCl3) & (ppm) (major + minor) 8.11 (d,
Ph J = 3.7 Hz, 4H), 7.46- 7.43 (m, 2H), 7.38 — 7.34 (m, 3H), 7.31 (d, J = 6.4 Hz, 4H), 7.24 (s, 1H),

5.83 (t, J = 6.3 Hz, 1H), 3.93 (d, J = 1.2 Hz, 3H), 3.10 — 3.02 (m, 1H), 2.64 (d, J = 6.9 Hz, 2H),

2.20 — 2.14 (m, 1H), 2.13 - 2.06 (m, 1H), 1.99 — 1.92 (m, 1H), 1.89 — 1.83 (m, 1H). 3C NMR (100 MHz, CDCl3) & (ppm)
(major + minor) 166.1, 164.5, 164.5, 140.7, 134.0, 134.0, 133.4, 131.8, 131.8, 129.7, 129.6, 129.5, 129.5, 129.0, 128.8,
128.7,128.2, 127.6, 127.1, 127.1, 121.7, 118.2, 86.2, 86.1, 85.4, 64.9, 64.9, 52.4, 41.7, 41.7, 32.5, 32.4, 30.1, 30.0, 25.3.
HRMS (El): m/z [M + Na]* calcd for CooH2sNNaOa: 474.1676, found: 474.1682.

tert-butyl (S)-4-(cyanomethyl)-4-(3-((4-methylbenzoyl)oxy)-5-phenylpent-4-yn-1-yl)piperidine-1-carboxylate 5cc
e 75% isolated yield (37.5 mg), white soild, [a]o® = 21.50 (c = 0.5 in CHCls); 86% ee, determined
by HPLC analysis (Chiralpak OX column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, A =
254 nm, 25 °C), tr (major) = 59.62 min, tr (minor) = 64.01 min. *H NMR (400 MHz, CDCls) §
= on  (ppm) 7.99 (d, J = 8.2 Hz, 2H), 7.48 — 7.44 (m, 2H), 7.31 (d, J = 5.7 Hz, 3H), 7.26 (d, J = 7.9 Hz,
Sce N 2H), 5.86 (t, J = 5.9 Hz, 1H), 3.42 (d, J = 6.1 Hz, 4H), 2.41 (d, J = 3.1 Hz, 5H), 2.00 — 1.94 (m,
2H), 1.89 — 1.82 (m, 2H), 1.61 — 1.54 (m, 4H), 1.45 (s, 9H). $3C NMR (100 MHz, CDCls) & (ppm)
165.4, 154.6, 144.0, 131.9, 129.8, 129.1, 128.7, 128.2, 126.8, 121.9, 117.1, 85.9, 85.7, 79.7, 64.4, 33.8, 31.5, 28.7, 28.3,

26.0, 21.6. HRMS (EI): m/z [M + Na]* calcd for C31H3sN2NaO.: 523.2567, found: 523.2570.

(S)-methyl (9-oxo-1,9-diphenylnon-1-yn-3-yl) terephthalate 5ga
70% isolated yield (32.8 mg), colorless oil, [a]p?® = 22.00 (c = 0.5 in CHCI3); 92% ee, determined by HPLC analysis
(Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tr (minor) = 31.67 min, tr
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COOMe

U

o]

Z

T

(major) = 38.19 min. 'H NMR (400 MHz, CDCls) & (ppm) 8.23 — 8.06 (m, 4H), 7.95 (d, J
= 7.0 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.50 — 7.39 (m, 4H), 7.30 (d, J = 6.9 Hz, 3H), 5.87
(t, J = 6.5 Hz, 1H), 3.95 (s, 3H), 2.99 (t, J = 7.3 Hz, 2H), 2.07 — 2.01 (m, 2H), 1.84 - 1.76
(m, 2H), 1.70 — 1.62 (m, 2H), 1.54 — 1.47 (m, 2H). *C NMR (100 MHz, CDCl3) 3 (ppm)
200.2, 166.3, 164.8, 136.9, 134.0, 133.7, 132.9, 131.9, 129.8, 129.5, 128.6, 128.6, 128.2,
128.0, 122.1, 65.5, 52.5, 38.3, 34.8, 28.8, 25.0, 24.0. HRMS (EI): m/z [M + Na]* calcd for

CaoH2sNaOs: 491.1829, found: 491.1830.

(S)-7-cyano-1-phenyl

7ab

64.4,34.0, 24.9, 24.2,

(S)-7-cyano-1-phenyl

4 CN

Tac

hept-1-yn-3-yl benzoate 7ab

84% isolated yield (26.6 mg), colorless oil, [a]p® = -9.23 (¢ = 0.5 in CHCI3); 94% ee, determined
by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tg (minor) = 11.46 min, tz (major) = 12.80 min. *H NMR (400 MHz, CDCl3) &
(ppm) 8.13 — 8.07 (m, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.48 — 7.44 (m, 4H), 7.36 — 7.29 (m, 3H),
5.89 (t, J = 6.3 Hz, 1H), 2.45 — 2.37 (m, 2H), 2.10 — 1.99 (m, 2H), 1.80 — 1.77 (m, 4H). 3C NMR
(100 MHz, CDCl3) & (ppm) 165.4, 133.2, 131.8, 129.7, 128.7, 128.4, 128.2, 122.0, 119.3, 85.8,
17.0. HRMS (EI): m/z [M + Na]* calcd for C21H1sNNaO;: 340.1308, found: 340.1306.

hept-1-yn-3-yl 4-methylbenzoate 7ac
89% isolated yield (29.5 mg), colorless oil, [a]p® = 7.03 (c = 0.5 in CHCI3); 95% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tr (minor) = 10.87 min, tg (Major) = 12.01 min. *H NMR (400
MHz, CDCl3) § (ppm) 7.98 (d, J = 8.0 Hz, 2H), 7.48 — 7.44 (m, 2H), 7.36 — 7.29 (m, 3H), 7.27
(s, 1H), 7.25 (s, 1H), 5.88 (t, J = 6.3 Hz, 1H), 2.41 (s, 3H), 2.41 — 2.37 (m, 2H), 2.09 — 1.98 (m,
2H), 1.80 — 1.77 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 165.5, 143.9, 131.8, 129.8,

129.7,129.1, 129.0, 128.6, 128.2, 126.9, 122.0, 119.3, 86.0, 85.7, 64.2, 34.0, 24.9, 24.2, 21.6, 17.0. HRMS (El): m/z [M
+ Na]* calcd for C22H21NNaO,: 354.1465, found: 354.1458.

(S)-7-cyano-1-phenyl

= CN

7ad

hept-1-yn-3-yl 4-methoxybenzoate 7ad
89% isolated yield (30.9 mg), colorless oil, [a]p® = 20.53 (¢ = 0.5 in CHCI3); 96% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tg (minor) = 37.49 min, tz (major) = 40.04 min. *H NMR (400 MHz,
CDCls) 6 (ppm) 8.07 — 8.03 (m, 2H), 7.48 — 7.43 (m, 2H), 7.33 — 7.28 (m, 3H), 6.96 — 6.91 (m,
2H), 5.86 (t, J = 6.3 Hz, 1H), 3.85 (s, 3H), 2.42 — 2.37 (m, 2H), 2.05 — 2.02 (m, 2H), 1.80 — 1.76
(m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 165.1, 163.5, 131.8, 131.8, 131.8, 131.6, 128.6,

128.2,128.1, 122.0, 119.4, 113.6, 113.6, 86.1, 85.6, 64.0, 55.4, 34.1, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]* calcd
for C22H2:NNaOs: 370.1414, found: 370.1409.

(S)-7-cyano-1-phenyl

Tae

24.9,24.2,17.0. HRM

(S)-7-cyano-1-phenyl

hept-1-yn-3-yl 4-chlorobenzoate 7ae

80% isolated yield (28.1 mg), colorless oil, [a]p?® = 11.57 (c = 0.5 in CHCls); 96% ee, determined
by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tg (minor) = 18.97 min, tr (major) = 21.72 min. *H NMR (400 MHz, CDCls) §
(ppm) 8.09 — 7.95 (m, 2H), 7.50 — 7.40 (m, 4H), 7.31 (d, J = 6.5 Hz, 3H), 5.87 (t, J = 6.3 Hz, 1H),
2.45 — 2.35 (m, 2H), 2.06 — 2.01 (m, 2H), 1.80 — 1.76 (m, 4H). 3C NMR (100 MHz, CDCls) &
(ppm) 164.6, 139.7, 131.8, 131.1, 128.7, 128.7, 128.2, 128.1, 121.9, 119.3, 86.0, 85.6, 64.7, 34.0,
S (EI): m/z [M + Na]* calcd for C21H1sCINNaO2: 374.0918, found: 374.0913.

hept-1-yn-3-yl 4-bromobenzoate 7af
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Br 80% isolated yield (31.6 mg), colorless oil, [a]p?® = 46.74 (c = 0.5 in CHCI3); 95% ee,

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0

mL/min, A = 254 nm, 25 °C), tr (minor) = 26.39 min, tg (major) = 29.01 min. *H NMR (400

§° MHz, CDCls) & (ppm) 7.94 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 7.47 — 7.44 (m, 2H),

©/'\MCN 7.31(d, J =6.4 Hz, 3H), 5.86 (t, J = 6.3 Hz, 1H), 2.43 — 2.36 (m, 2H), 2.09 — 1.98 (m, 2H), 1.79

! —1.75 (m, 4H). **C NMR (100 MHz, CDCls) § (ppm) 164.7, 131.8, 131.7, 131.2, 128.7, 128.5,

128.3,128.2, 121.8, 119.3, 86.0, 85.5, 64.7, 33.9, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]* calcd for C21H1sBrNNaO.:

418.0413, found: 418.0418.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 4-(trifluoromethyl)benzoate 7ag

CFs 81% isolated yield (31.2 mg), colorless oil, [a]p?® = -12.70 (¢ = 0.5 in CHCI3); 96% ee,

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0

o mL/min, A = 254 nm, 25 °C), tr (minor) = 10.95 min, tg (Major) = 12.08 min. 'H NMR (400 MHz,

@/K/\ACN CDCls) & (ppm) 8.02 (d, J = 8.5 Hz, 2H), 7.49 — 7.41 (m, 4H), 7.31 (d, J = 6.6 Hz, 3H), 5.87 (t, J

728 = 6.3 Hz, 1H), 2.43 — 2.36 (m, 2H), 2.07 — 2.04 (m, 2H), 1.81 — 1.77 (m, 4H). 3C NMR (100

MHz, CDCls) & (ppm) 164.2, 134.6 (q, J = 32.6 Hz), 132.9, 131.8, 130.1, 128.8, 128.3, 125.4 (9, J

= 3.7 Hz), 124.9, 122.0 (d, J = 37.8 Hz), 119.3, 86.2, 85.3, 65.1, 34.0, 24.9, 24.2, 17.0. *°F NMR (376 MHz, CDCls) &
(ppm) -63.09. HRMS (EI): m/z [M + Na]* calcd for C2;H1sFsNNaO2: 408.1182, found: 408.1180.

(S)-7-cyano-1-phenylhept-1-yn-3-yl [1,1'-biphenyl]-4-carboxylate 7ah
Ph 75% isolated yield (29.5 mg), colorless oil, [a]o® =17.20 (c = 0.5 in CHCls); 96% ee, determined
by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tr (minor) = 16.69 min, tz (major) = 20.28 min. *H NMR (400 MHz, CDCls) §
7 ° (ppm) 8.19 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.66 — 7.63 (m, 2H), 7.49 (t, J = 7.8 Hz,
Q/‘\MCN 4H), 7.42 (d, J = 7.2 Hz, 1H), 7.35 — 7.31 (m, 3H), 5.94 (t, J = 6.3 Hz, 1H), 2.44 — 2.38 (m, 2H),
e 2.11 - 2.05 (m, 2H), 1.86 — 1.78 (m, 4H). °C NMR (100 MHz, CDCls) 5 (ppm) 165.6, 138.2,

134.0, 131.8, 130.2, 129.6, 128.7, 128.3, 128.2, 126.9, 122.0, 119.3, 85.9, 85.8, 64.3, 34.0, 25.0, 24.2, 21.2, 17.0. HRMS
(E): m/z [M + Na]* calcd for Co7H2sNNaO,: 416.1621, found: 416.1617.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-methylbenzoate 7ai

Me 95% isolated yield (31.4 mg), colorless oil, [a]p® = -25.83 (¢ = 0.5 in CHCI3); 96% ee,
? determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
o mL/min, A = 254 nm, 25 °C), tg (minor) = 10.35 min, tg (Major) = 11.56 min. *H NMR (400 MHz,
Z N cDCls) & (ppm) 7.90 (d, J = 7.4 Hz, 2H), 7.48 — 7.45 (m, 2H), 7.39 (d, J = 7.6 Hz, 1H), 7.36 (d, J
= 7.4 Hz, 1H), 7.34 — 7.30 (m, 3H), 5.89 (t, J = 6.3 Hz, 1H), 2.42 (s, 3H), 2.40 — 2.38 (m, 2H),
2.07 - 2.02 (m, 2H), 1.81 — 1.77 (m, 4H). *C NMR (100 MHz, CDCls) § (ppm) 174.4, 141.5, 141.5, 137.5, 133.1, 128.5,
128.0, 127.7, 126.6, 126.3, 126.2, 125.6, 124.3, 123.9, 119.4, 75.7, 43.8, 36.2, 36.1, 35.4, 25.1, 24.6, 17.0. HRMS (El):

m/z [M + Na]* calcd for C2H21NNaO,: 354.1465, found: 354.1470.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-methoxybenzoate 7aj
OMe 90% isolated yield (31.2 mg), colorless oil, [a]p?® = -21.53 (¢ = 0.5 in CHCI3); 96% ee,
?/ determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
o Yo mL/min, A = 254 nm, 25 °C), tg (minor) = 26.55 min, tr (major) = 31.17 min. *H NMR (400 MHz,
Z CN  CDCls) 6 (ppm) 7.70 — 7.68 (m, 1H), 7.60 (t, J = 1.9 Hz, 1H), 7.47 — 7.45 (m, 2H), 7.37 (t, J = 8.0
7aj Hz, 1H), 7.34 — 7.29 (m, 3H), 7.14 — 7.11 (m, 1H), 5.88 (t, J = 6.3 Hz, 1H), 3.86 (s, 3H), 2.43 —
2.41-2.38 (m, 2H), 2.07 — 2.02 (m, 2H), 1.81 — 1.77 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 165.3, 159.5, 131.8,
131.0, 129.4, 128.7, 128.2, 122.1, 122.0, 119.6, 119.3, 114.2, 85.9, 85.8, 64.5, 55.4, 34.0, 24.9, 24.2, 17.0. HRMS (EI):
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m/z [M + Na]* calcd for CH21NNaOs: 370.1414, found: 370.1412.
(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-bromobenzoate 7ak

B 80% isolated yield (31.6 mg), colorless oil, [a]p?® = -23.10 (¢ = 0.5 in CHCI3); 95% ee, determined
?/ by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
254 nm, 25 °C), tg (minor) = 11.62 min, tz (major) = 14.67 min. *H NMR (400 MHz, CDCls) §
(ppm) 8.21 (d, J = 1.8 Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.74 — 7.67 (m, 1H), 7.47 — 7.45 (m, , 2H),
7.36 — 7.30 (m, 4H), 5.87 (t, J = 6.3 Hz, 1H), 2.44 — 2.38 (m, 2H), 2.10 — 2.00 (m, 2H), 1.80 — 1.75
(m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 164.1, 136.1, 132.6, 131.8, 131.6, 130.0, 128.8, 128.3, 128.2, 122.4,
121.8, 119.3, 86.2, 85.4, 65.0, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]* calcd for Cz1H1sBrNNaO,: 418.0413,
found: 418.0412.
(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-(methylthio)benzoate 7al
(E(s"“ 90% isolated yield (32.7 mg), colorless oil, [a]o?® = -21.13 (¢ = 0.5 in CHCl3); 95% ee,

(X e]
= CN

Tak

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tg (minor) = 15.28 min, tr (major) = 18.08 min. *H NMR (400 MHz,
CDCls) 8 (ppm) 7.95 (d, J = 1.9 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.47 — 7.44 (m, 3H), 7.38 (d, J
=7.7 Hz, 1H), 7.34 - 7.29 (m, 3H), 5.87 (t, J = 6.3 Hz, 1H), 2.53 (s, 3H), 2.40 (t, J = 4.4 Hz, 2H),
2.07 — 2.02 (m, 2H), 1.80 — 1.77 (m, 4H). 3C NMR (100 MHz, CDCls) § (ppm) 165.1, 139.4, 131.8, 131.0, 130.3, 128.7,
128.7, 128.2, 127.3, 126.2, 121.9, 119.3, 86.0, 85.7, 64.6, 34.0, 25.0, 24.2, 17.1, 15.6. HRMS (EIl): m/z [M + Na]* calcd
for C22H21N2NaO,S: 386.1185, found: 386.1183.

(X ]
Z CN

7al

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-((tert-butoxycarbonyl)amino)benzoate 7am
nHBoc  88% isolated yield (38.0 mg), colorless oil, [a]p?® = 9.37 (c = 0.5 in CHCI3); 96% ee,
?/ determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0

oo mL/min, A = 254 nm, 25 °C), tg (major) = 10.47 min, tr (minor) = 12.51 min. *H NMR (400
Z CN MHz, CDCl3) & (ppm) 7.93 (t, J = 1.9 Hz, 1H), 7.76 (t, J = 8.9 Hz, 2H), 7.46 — 7.44 (m, 2H),
7am 7.39 (t, J = 8.0 Hz, 1H), 7.33 — 7.29 (m, 3H), 6.70 (s, 1H), 5.86 (t, J = 6.2 Hz, 1H), 2.45 — 2.38

(m, 2H), 2.06 — 2.01 (m, 2H), 1.81 — 1.78 (m, 4H), 1.52 (s, 9H). 3C NMR (100 MHz, CDCl3) & (ppm) 165.2, 152.6,
138.8, 131.9, 130.5, 129.2, 128.8, 128.3, 124.3, 123.3, 122.1, 119.6, 119.5, 86.0, 85.8, 80.9, 64.6, 34.0, 28.3, 25.0, 24.2,
17.1. HRMS (El): m/z [M + Na]* calcd for C26H2sNNaO4: 455.1941, found: 455.1936.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 2-methylbenzoate 7an
88% isolated yield (29.1 mg), colorless oil, [a]p® = -29.17 (c = 0.5 in CHCl3); 94% ee,
%Me determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
0" ~o mL/min, A = 254 nm, 25 °C), tr (minor) = 18.76 min, tr (major) = 20.65 min. *H NMR (400 MHz,
= CN CDCls) & (ppm) 7.97 (d, J = 7.3 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.45 (t, J = 2.4 Hz, 1H), 7.42
7an (d, J=7.6 Hz, 1H), 7.37 — 7.31 (m, 3H), 7.27 (d, J = 4.9 Hz, 2H), 5.88 (t, J = 6.3 Hz, 1H), 2.65 (s,
3H), 2.44 — 2.38 (m, 2H), 2.04 (t, J = 7.0 Hz, 2H), 1.82 — 1.78 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 166.4,
140.4,132.2,131.8, 131.7, 130.7, 129.1, 128.7, 128.2, 128.1, 125.7, 122.1, 119.4, 86.0, 85.8, 64.1, 34.1, 25.0, 24.3, 21.8,
17.1. HRMS (El): m/z [M + Na]* calcd for C22H2:NNaO2: 354.1465, found: 354.1461.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 2-chlorobenzoate 7ao

80% isolated yield (28.1mg), colorless oil, [a]p?® = -33.17 (c = 0.5 in CHCls); 93% ee, determined

?\m by HPLC analysis (Chiralpak 1G column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
0”0 254 nm, 25 °C), tr (minor) = 30.91 min, tgr (Major) = 34.11 min. *H NMR (400 MHz, CDCls) §

Z SN (ppm) 7.89 — 7.87 (m, 1H), 7.51 — 7.42 (m, 4H), 7.36 — 7.29 (m, 4H), 5.89 (t, J = 6.3 Hz, 1H),
Tao 2.47 — 2.37 (m, 2H), 2.12 — 2.00 (m, 2H), 1.87 — 1.76 (m, 4H). °C NMR (100 MHz, CDCls;) &
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(ppm) 164.6, 133.8, 132.8, 131.8, 131.5, 131.1, 129.6, 128.7, 128.2, 126.6, 121.9, 119.4, 86.1, 85.4, 65.1, 33.9, 24.9, 24.2,
17.1. HRMS (El): m/z [M + Na]* calcd for C1H1sCINNaO,: 374.0918, found: 374.0915.

(S)-7-cyano-1-phenylhept-1-yn-3-yl benzo[d][1,3]dioxole-4-carboxylate 7ap
o\ 83% isolated yield (30.0 mg), colorless oil, [0]p?®® = -55.60 (c = 0.5 in CHCls); 95% ee,
° determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
? mL/min, A = 254 nm, 25 °C), tg (minor) = 21.69 min, tz (Major) = 24.78 min. 'H NMR (400 MHz,
CDCls) 6 (ppm) 7.71 — 7.69 (m, 1H), 7.53 — 7.48 (m, 1H), 7.47 — 7.43 (m, 2H), 7.35 — 7.28 (m,
3H), 6.85 (d, J = 8.2 Hz, 1H), 6.03 (s, 2H), 5.84 (t, J = 6.3 Hz, 1H), 2.38 (d, J = 6.5 Hz, 2H), 2.04
—1.99 (m, 2H), 1.79 — 1.75 (m, 4H). 3C NMR (100 MHz, CDCl3) & (ppm) 164.7, 151.8, 147.7,
131.8, 128.6, 128.2, 125.6, 123.6, 122.0, 119.3, 109.5, 108.0, 101.8, 85.9, 85.8, 64.3, 34.0, 24.9, 24.2, 17.0. HRMS (EI):
m/z [M + Na]* calcd for C2H1sNNaO4: 384.1206, found: 384.1204.

(X o]
Z CN

Tap

(S)-7-cyano-1-phenylhept-1-yn-3-yl 1-naphthoate 7aq
85% isolated yield (31.2 mg), colorless oil, [a]p® = -58.20 (¢ = 0.5 in CHCI3); 99% ee,
determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
o~ ~o mL/min, A = 254 nm, 25 °C), tr (minor) = 39.13 min, tg (Major) = 43.33 min. 'H NMR (400 MHz,
CN' CDCls3) & (ppm) 8.98 (d, J = 8.7 Hz, 1H), 8.26 (d, J = 7.2 Hz, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.90
Taq (d, J = 8.1 Hz, 1H), 7.67 — 7.63 (m, 1H), 7.58 — 7.55 (m, 1H), 7.54 — 7.48 (m, 3H), 7.35 — 7.31
(m, 3H), 6.00 (t, J = 6.3 Hz, 1H), 2.44 — 2.38 (m, 2H), 2.16 — 2.07 (m, 2H), 1.85 — 1.81 (m, 4H). 13C NMR (100 MHz,
CDCls) 6 (ppm) 166.3, 133.8, 133.7, 131.9, 131.4, 130.5, 128.7, 128.6, 128.3, 127.9, 126.5, 126.3, 125.6, 124.5, 122.0,
119.4, 86.0, 86.0, 64.5, 34.1, 25.0, 24.4, 17.1. HRMS (EI): m/z [M + Na]* calcd for CzsH21NNaO2: 390.1465, found:
390.1462.

o5

AN

(S)-7-cyano-1-phenylhept-1-yn-3-yl 1-methyl-1H-indole-2-carboxylate 7ar

80% isolated yield (29.6 mg), colorless oil, [a]p?® = 78.17 (c = 0.5 in CHCI3); 89% ee,
determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, X = 254 nm, 25 °C), tg (minor) = 9.59 min, tg (Major) = 13.02 min. *H NMR (400 MHz,
g ° CDCls) & (ppm) 7.70 (d, J = 7.9 Hz, 1H), 7.51 — 7.46 (m, 2H), 7.41 — 7.37 (m, 3H), 7.35 — 7.30
7 o (m, 3H), 7.19 — 7.15 (m, 1H), 5.88 (t, J = 6.3 Hz, 1H), 4.11 (s, 3H), 2.45 — 2.39 (m, 2H), 2.10 —
2.01 (m, 2H), 1.83 — 1.80 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 161.0, 139.8, 131.9,
128.7, 128.2, 127.1, 125.7, 125.2, 122.6, 122.0, 120.6, 119.4, 110.8, 110.2, 85.9, 63.9, 34.1, 31.6, 25.0, 24.3, 17.1.

HRMS (El): m/z [M + Na]* calcd for C24H22N2NaO,: 393.1573, found: 393.1572.

Me~N s

Tar

(S)-7-cyano-1-phenylhept-1-yn-3-yl 5-methylfuran-2-carboxylate 7as

Me 80% isolated yield (25.7mg), colorless oil, [a]o®® = 9.17 (¢ = 0.5 in CHCIs); 86% ee, determined
gf by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
oo 254 nm, 25 °C), tg (minor) = 12.28 min, tr (major) = 15.64 min. *H NMR (400 MHz, CDCl3) §

P on  (ppm) 7.46 — 7.43 (m, 2H), 7.30 (d, J = 6.6 Hz, 3H), 7.15 (d, J = 3.4 Hz, 1H), 6.13 (d, J = 3.4 Hz,
7as 1H), 5.83 (t, J = 6.3 Hz, 1H), 2.38 (s, 5H), 2.03 — 1.98 (m, 2H), 1.80 — 1.70 (m, 4H). **C NMR

(100 MHz, CDCls) 6 (ppm) 157.7, 157.6, 142.4, 131.8, 128.7, 128.2, 122.0, 120.1, 119.4, 108.5,
86.0, 85.6, 64.1, 34.0, 24.9, 24.2, 17.0, 14.0. HRMS (El): m/z [M + Na]* calcd for CyxH1sNNaOs: 344,1257, found:
344,1253.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 5-methylthiophene-2-carboxylate 7at

Me 77% isolated yield (25.9 mg), colorless oil, [a]p?® = 20.53 (c = 0.5 in CHClIs3); 91% ee, determined
S by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =
oo 254 nm, 25 °C), tr (minor) = 13.86 min, tr (major) = 15.86 min. *H NMR (400 MHz, CDCls) §
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(ppm) 7.67 (d, J = 3.7 Hz, 1H), 7.46 — 7.44 (m, 2H), 7.33 — 7.28 (m, 3H), 6.81 — 6.76 (m, 1H), 5.81 (t, J = 6.2 Hz, 1H),
2.53 (s, 3H), 2.39 (t, J = 6.6 Hz, 2H), 2.03 - 1.98 (m,), 1.80 — 1.74 (m, 4H). *C NMR (100 MHz, CDCl3) & (ppm) 161.1,
148.6, 134.4, 131.9, 130.4, 128.7, 128.2, 126.4, 122.0, 119.4, 85.9, 85.8, 64.4, 34.0, 25.0, 24.2, 17.1, 15.8. HRMS (EI):
m/z [M + Na]* calcd for C20H1sNNaO-S: 360,1029, found: 360,1028.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3,3-dimethylbutanoate 8aa
84% isolated yield (26.1 mg), colorless oil, [a]p® = -20.23 (c = 0.5 in CHCls); 88% ee,
>i determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tg (major) = 11.74 min, tg (Minor) = 13.20 min. *H NMR (400 MHz,
CDCl3) 6 (ppm) 7.43 — 7.41 (m, 2H), 7.33 —7.28 (m, 3H), 5.61 (t, J =6.3 Hz, 1H), 2.38 (t, J = 6.7
Hz, 2H), 2.25 (d, J = 3.2 Hz, 2H), 1.94 — 1.83 (m, 2H), 1.78 — 1.67 (m, 4H), 1.06 (s, 9H). 3C
NMR (100 MHz, CDCls) & (ppm) 171.2, 131.7, 128.6, 128.2, 122.0, 119.4, 86.0, 85.4, 63.3, 47.8, 33.8, 31.0, 29.6, 24.9,
24.2,17.0. HRMS (EI): m/z [M + Na]* calcd for CooH2sNNaO,: 334.1778, found: 334.1776.

o” "0
=Z CN

8aa

(S)-7-cyano-1-phenylhept-1-yn-3-yl pent-4-enoate 8ab

83% isolated yield (24.5 mg), colorless oil, [a]p® = -30.60 (c = 0.5 in CHCIl3); 96% ee,
determined by HPLC analysis (Chiralpak 1G column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tr (Minor) = 12.94 min, tg (Major) = 14.93 min. *H NMR (400 MHz,
CDCls) 6 (ppm) 7.44 —7.42 (m, 2H), 7.34 — 7.27 (m, 3H), 5.89 — 5.76 (m, 1H), 5.64 (t, J = 6.4 Hz,
1H), 5.13 — 4.99 (m, 2H), 2.52 — 2.45 (m, 2H), 2.43 — 2.35 (m, 4H), 1.91 - 1.86 (m, , 2H), 1.78 -
1.67 (m, 4H). *C NMR (100 MHz, CDCls) & (ppm) 171.9, 136.3, 131.8, 128.7, 128.2, 121.9, 119.4, 115.6, 85.8, 85.6,
63.7,33.9, 33.4,28.7, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]* calcd for C19H21NNaO,: 318.1465, found: 318.1466.
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8ab

(S)-7-cyano-1-phenylhept-1-yn-3-yl hept-6-ynoate 8ac
m 83% is.olated yield (26.7 m-g), co.lorless oil, [a]p® = -40.83? (c = 0.5 in CHCIg); 95% ee,
oo determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
Q/'\AACN mL/min, A = 254 nm, 25 °C), tz (minor) =17.82 min, tz (Major) = 22.11 min. *H NMR (400 MHz,
gac CDCls) & (ppm) 7.45 — 7.42 (m, 2H), 7.31 (d, J = 6.6 Hz, 3H), 5.63 (t, J = 6.4 Hz, 1H), 2.41 — 2.37
(m, 4H), 2.24 —2.20 (m, 2H), 1.95 (t, J = 2.7 Hz, 1H), 1.92 — 1.86 (m, 2H), 1.80 -1.68 (m, 6H), 1.62 — 1.55 (m, 2H). C
NMR (100 MHz, CDCls) & (ppm) 172.3, 131.8, 128.7, 128.2, 121.9, 119.4, 85.8, 85.6, 83.8, 77.3, 77.0, 76.7, 68.6, 63.7,
33.9, 33.7, 27.7, 24.9, 24.2, 23.9, 18.1, 17.1. HRMS (EIl): m/z [M + Na]* calcd for Ca1H23N2NaO-: 344.1621, found:

344.1618.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-phenylpropanoate 8ad

ph/\/\L 75% isolated yield (35.4 mg), colorless oil, [a]p?® = -60.73 (¢ = 0.5 in CHCIls); 90% ee,
o” "o determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
Z N mL/min, A = 254 nm, 25 °C), tr (minor) = 7.92 min, tg (Major) = 8.64 min. 'H NMR (400 MHz,
Sad CDCls) 6 (ppm) 7.37 — 7.35 (m, 2H), 7.26 -7.22 (m, 3H), 7.21 -7.20 (m, 1H), 7.19 (d, J = 2.3 Hz,

1H), 7.17 — 7.10 (m, 3H), 5.55 (t, J = 6.3 Hz, 1H), 2.91 (t, J = 7.7 Hz, 2H), 2.65 -2.60 (m, 2H), 2.26 (t, J = 7.0 Hz, 2H),
1.79 -1.74 (m, 2H), 1.65 — 1.58 (m, 2H), 1.57 — 1.50 (m, 2H). 3C NMR (100 MHz, CDClz) & (ppm) 171.8, 140.2, 131.8,
128.7, 128.4, 128.3, 128.2, 126.2, 121.9, 119.4, 85.8, 85.7, 63.8, 35.8, 33.9, 30.8, 24.9, 24.1, 17.0. HRMS (El): m/z [M +
Na]* calcd for Co3sH23sNNaO,: 368.1621, found: 368.1620.

(S)-7-cyano-1-phenylhept-1-yn-3-yl cyclobutanecarboxylate 8ae

85% isolated yield (25.1 mg), colorless oil, [a]p?® = -22.30 (¢ = 0.5 in CHCI3); 98% ee,
fi determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tz (minor) = 8.63 min, tr (Major) = 9.37 min. *H NMR (400 MHz,

Z CN
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CDCls) & (ppm) 7.45 - 7.42 (m, 2H), 7.33 — 7.28 (m, 3H), 5.62 (t, J = 6.4 Hz, 1H), 3.23 — 3.13 (m, 1H), 2.38 (1, J = 6.8
Hz, 2H), 2.35 — 2.27 (m, 2H), 2.25 — 2.20 (m, 2H), 2.00 — 1.86 (m, 4H), 1.79 — 1.67 (m, 4H). *C NMR (100 MHz,
CDCls) & (ppm) 174.3, 131.8, 128.6, 128.2, 122.0, 119.4, 86.0, 85.5, 63.6, 37.9, 33.9, 25.2, 25.0, 24.9, 24.1, 18.3, 17.0.
HRMS (EI): m/z [M + Na]* calcd for C1oH,:NNaO,: 318.1465, found: 318.1466.

(S)-7-cyano-1-phenylhept-1-yn-3-yl cyclopentanecarboxylate 8af
87% isolated yield (26.9 mg), colorless oil, [a]p® = -16.50 (¢ = 0.5 in CHCl3); 92% ee,
% determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5
§ ° mL/min, A = 254 nm, 25 °C), tr (minor) = 17.67 min, tz (major) = 19.57 min. *H NMR (400
Z N MHz, CDCl3) 8 (ppm) 7.44 — 7.42 (m, 2H), 7.35 — 7.28 (m, 3H), 5.62 (t, J = 6.4 Hz, 1H), 2.82 —
2.74 (m, 1H), 2.38 (t, J = 6.8 Hz, 2H), 1.93 — 1.83 (m, 6H), 1.76 — 1.67 (m, 6H), 1.60 — 1.56 (m,
2H). 3C NMR (100 MHz, CDCl3) & (ppm) 175.6, 131.8, 128.6, 128.2, 122.0, 119.4, 86.0, 85.4, 77.3, 77.0, 76.7, 63.5,
43.6, 33.9, 30.0, 29.8, 25.8, 25.7, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]* calcd for C20H23NNaO,: 332.1621, found:
332.1615.

8af

(S)-7-cyano-1-phenylhept-1-yn-3-yl cyclohexanecarboxylate 8ag
82% isolated yield (26.5 mg), colorless oil, [a]p® = -22.43 (¢ = 0.5 in CHCI3); 96% ee,
;E determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
oo mL/min, A = 254 nm, 25 °C), tg (minor) = 12.40 min, tr (Major) = 14.28 min. *H NMR (400 MHz,
Q/'\AACN CDCls) 5 (ppm) 3 7.44 — 7.42 (m, 2H), 7.33 — 7.28 (m, 3H), 5.62 (t, J = 6.3 Hz, 1H), 2.38 (t, J =
829 6.8 Hz, 3H), 1.96 — 1.85 (m, 4H), 1.80 — 1.73 (m, 3H), 1.73 — 1.68 (m, 2H), 1.68 — 1.61 (m, 2H),
1.52 — 1.42 (m, 2H), 1.35 — 1.22 (m, 3H). *C NMR (100 MHz, CDCls) & (ppm) 174.9, 131.8, 128.6, 128.2, 122.0, 119.4,

86.0, 85.4, 63.3, 43.0, 33.9, 28.9, 28.7, 25.6, 25.3, 25.2, 24.9, 24.1, 17.0. HRMS (El): m/z [M + Na]* calcd for
C21H2sNNaO;: 346.1778, found: 346.1780.

(S)-7-cyano-1-phenylhept-1-yn-3-yl (3S,5S,7S)-adamantane-1-carboxylate 8ah
)A: 81% isolated yield (30.4 mg), colorless oil, [a]p?® = 25.14 (c = 0.5 in CHClI53); 90% ee, determined
§° by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, A =
Q/‘\/\ACN 254 nm, 25 °C), tr (minor) = 19.24 min, tz (major) = 20.78min. *H NMR (400 MHz, CDCls) &
e (ppm) 7.45 — 7.42 (m, 2H), 7.32 — 7.30 (m, 3H), 5.61 (t, J = 6.3 Hz, 1H), 2.38 (t, J = 6.8 Hz, 2H),
2.04 - 2.01 (m, 3H), 1.93 (d, J = 2.9 Hz, 6H), 1.79 — 1.63 (m, 12H). **C NMR (100 MHz, CDCl3) § (ppm) 176.4, 131.8,
128.6, 128.2, 128.1, 128.1, 122.1, 119.4, 86.2, 85.2, 77.3, 77.0, 76.7, 63.2, 40.7, 38.6, 36.4, 33.8, 27.8, 24.9, 24.1, 17.1.
HRMS (El): m/z [M + Na]* calcd for CasH29N2NaO>: 398.2091, found: 398.2098.
3-((S)-7-cyano-1-phenylhept-1-yn-3-yl) 5-methyl tricyclo[3.1.0.0%%]hexane-3,5-dicarboxylate 8ai
GOOMe 85% isolated yield (32.0 mg), colorless oil, [a]p?® = -31.90 (¢ = 0.5 in CHCls); 96% ee,
% determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5
T ° mL/min, A = 254 nm, 25 °C), tg (minor) = 25.09 min, tz (major) = 32.21min. *H NMR (400 MHz,
Q/'\AACN CDCls) 6 (ppm) 7.45 — 7.42 (m, 2H), 7.35 — 7.27 (m, 3H), 5.60 (t, J = 6.4 Hz, 1H), 3.68 (s, 3H),
! 2.40 —2.35 (m, 8H), 1.90 (d, J = 7.5 Hz, 2H), 1.76 — 1.68 (m, 4H). 3C NMR (100 MHz, CDCls) §
(ppm) 169.5, 168.1, 131.8, 128.8, 128.2, 121.8, 119.3, 85.9, 85.4, 64.3, 52.8, 51.8, 37.6, 37.5, 33.8, 29.6, 24.8, 24.1, 17.0.
HRMS (El): m/z [M + Na]* calcd for Ca3H23NNaO4: 400.1519, found: 400.1517.
(S)-1-(7-cyano-1-phenylhept-1-yn-3-yl) 4-methyl bicyclo[2.2.2]octane-1,4-dicarboxylate 8aj
88% isolated yield (35.8 mg), colorless oil, [a]p® = -34.87 (¢ = 0.5 in CHCl3); 98% ee,

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0
mL/min, A = 254 nm, 25 °C), tr (minor) = 38.77 min, tr (major) = 41.71 min. *H NMR (400

S
@/KAACN MHz, CDCls) & (ppm) 7.45 — 7.43 (m, 2H), 7.33 — 7.30 (m, 3H), 5.60 (t, J = 6.4 Hz, 1H), 3.69 (s,
8aj
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3H), 2.37 (d, J = 13.9 Hz, 8H), 1.93 — 1.87 (m, 2H), 1.79 — 1.63 (m, 5H), 1.25 (s, 2H), 0.89 — 0.85 (m, 1H). 3C NMR
(100 MHz, CDCls) 3 (ppm) 169.6, 168.1, 131.9, 128.8, 128.3, 121.9, 119.3, 86.0, 85.4, 64.3, 52.8, 51.8, 37.6, 37.5, 33.8,
24.8,24.1,17.1. HRMS (EI): m/z [M + Na]* calcd for CasHaoNNaO4: 430.1989, found: 430.1985.

(S)-7-cyano-1-phenylhept-1-yn-3-yl methyl isophthalate 8ak
81% isolated yield, (30.4 mg), colorless oil, [a]p?® = -31.90 (¢ = 0.5 in CHCl3); 92% ee,
?\om determined by HPLC analysis (Chiralpak 1G column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
) mL/min, A = 254 nm, 25 °C), tg (major) = 18.05 min, tr (minor) = 20.90 min. *H NMR (400
= cN  MHz, CDCl3) 6 (ppm) 8.08 — 8.06 (m, 1H), 7.61 — 7.56 (m, 1H), 7.47 — 7.45 (m, 2H), 7.36 —
8ak 7.31 (m, 4H), 7.13 - 7.31 (m, 1H), 5.86 (t, J = 6.3 Hz, 1H), 2.41 — 2.37 (m, 5H), 2.02 — 1.97 (m,
2H), 1.80 — 1.72 (m, 4H). 3C NMR (100 MHz, CDCl3) & (ppm) 169.6, 163.4, 150.6, 134.1,
131.9, 131.8, 128.8, 128.3, 126.1, 123.8, 122.9, 121.9, 119.4, 86.1, 85.5, 64.6, 34.0, 24.9, 24.1, 21.1, 17.1. HRMS (EI):
m/z [M + Na]* calcd for C23sH21NNaO4: 398.1363, found: 398.1372.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 2-(1-(4-chlorobenzoyl)-5-methoxy-1H-indol-3-yl)acetate 8al

cl 5 85% isolated yield (40.4 mg), colorless oil, [a]p?® = -54.34 (c = 0.5 in CHCIls); 96% ee,
Qﬁ determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0
d N mL/min, A = 254 nm, 25 °C), tr (major) = 33.42 min, tz (minor) = 37.61 min. *H NMR (400
oNo MHz, CDCls) & (ppm) 7.66 — 7.61 (m, 2H), 7.45 — 7.43 (m, 2H), 7.39 — 7.37 (m, 2H), 7.33 —
Q/V\/\ACN 7.27 (m, 3H), 7.00 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 8.9 Hz, 1H), 6.69 — 6.66 (m, 1H), 5.63 (t, J
gal = 6.3 Hz, 1H), 3.80 (s, 3H), 3.73 (d, J = 1.5 Hz, 2H), 2.40 (s, 3H), 2.27 (t, J = 6.7 Hz, 2H), 1.90
— 1.85 (m, 2H), 1.68 — 1.56 (m, 4H). 3C NMR (100 MHz, CDCls) & (ppm) 169.7, 168.2, 155.9, 139.2, 135.9, 133.7,
131.7, 131.1, 130.7, 130.4, 129.0, 128.7, 128.2, 121.8, 119.3, 114.9, 112.2, 111.5, 101.3, 85.8, 85.5, 64.5, 55.5, 33.8,

30.4, 26.8, 24.8, 24.0, 16.9, 13.3. HRMS (EI): m/z [M + Na]* calcd for C3,H27CINNa04:561.1552, found: 561.1553.

(S)-7-cyano-1-phenylhept-1-yn-3-yl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate 8am
86% isolated yield (33.6 mg), colorless oil, [a]p® = -29.37 (¢ = 0.5 in CHCI3); 90% ee,
@\ determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5
OE mL/min, A = 254 nm, 25 °C), tr (minor) = 15.97 min, tz (major) = 18.50 min. *H NMR (400
oo MHz, CDCls) 8 (ppm) 7.45 — 7.40 (m, 2H), 7.32 — 7.26 (m, 3H), 7.01 (d, J = 7.5 Hz, 1H), 6.67 (d,
= en  J=7.5Hz 1H), 6.60 (s, 1H), 5.63 (t, J = 6.4 Hz, 1H), 3.95 — 3.91 (m, 2H), 2.37 (t, J = 6.7 Hz,
Q/:TA 2H), 2.31 (s, 3H), 2.17 (s, 3H), 1.94 — 1.89 (m, 2H), 1.83 — 1.68 (m, 8H), 1.28 (s, 6H). *C NMR
(100 MHz, CDCls3) 8 (ppm) 176.6, 156.8, 136.4, 131.7, 130.2, 128.6, 128.2, 123.4, 122.1, 120.6,

119.3, 111.8, 86.0, 85.5, 67.8, 63.7, 42.1, 37.1, 33.8, 25.2, 25.1, 24.9, 24.8, 24.2, 21.3, 17.0, 15.7. HRMS (El): m/z [M +
Na]* calcd for CooH3sNNaOs: 468.2509, found: 468.2505.
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5. Synthetic Applications of the Reaction

5.1 Gram-scale reaction

7
S OCOR :
C(CHZCN)4PFg (2.0 mol%) ;
1a COOH L17 (2.4 mol%) yZ CN | 0
+ FOTN 70
T oBoc  Me0sC DCE (50 mL) 4aa CLON N ]
N 4 x6 W purple LEDs, rt, 24 h ' A
2a 3a R = 4-COZMGCGH4 ! Ar Ar:

(S, S)-L17
(Ar = 3,5-2'BuCgH3)

Figure S2. Photographs of the apparatus used for irradiation of the reaction system.

In a flame-dried 100 mL Shrek bottle equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFs (37.3 mg, 0.10 mmol) and chiral ligand L17 (81.9 mg, 0.12 mmol), followed by the addition of DCE
(50.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (900 mg, 5.0
mmol), 1la (1.92 g, 15.0 mmol) and 2a (1.85g, 10.0 mmol) were added. Then, the resulting mixture was degassed (3
times) under argon atmosphere. At last, the mixture was stirred at a distance of ~4 cm from a 20 W Kessil purple LEDs at
room temperature for 36 h. The product was purified by flash column chromatography on silica gel to afford the desired
product 4aa (1.69 g, 90% yield, 93% ee) with petroleum ether and ethyl acetate (7:1, v/v).

6. Mechanistic Investigation
6.1 Radical trapping experiments

7R
oS OCOR
C(CH5CN)4PF (2.0 mol%)

1a /©/COOH L17(2.4 mol%)
.
T\ DCE (2 mL) N N
\N _OBoc MeOZC ( \)

4 x 6 W purple LEDs, 24 h !
2a 3a TEMPO (3.0 eq.), 1t R=4- COzMeCsH4 : AP

(s S)-L17
(Ar = 3,5-2'BuCgHs)

N° .0 CN
|j s ~_CN — > (ONTT
9
2a-A 2a-B
[M+H]* = 225.1961
Found 225.1963

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFg (0.75mg, 0.0020 mmol) and chiral ligand L17 (1.64 mg, 0.0024 mmol), followed by the addition of
DCE (2.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (18.0 mg, 0.10
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mmol), 1a (30.4 mg, 0.30 mmol), 2a (37.0 mg, 0.20 mmol) and TEMPO (46.9 mg, 0.3 mmol) were added. Then, the
resulting mixture was degassed (3 times) under argon atmosphere. At last, the mixture was stirred at a distance of ~1 cm
from 4 x 6 W purple LEDs at room temperature for 24 h.

Intens.
xot

225.1963
6
N
NC NN o
208.0946 9

detected by HRMS

+MS, 0.1-0.4min #13-48

277.1143

189.0085

180 200 220 240 260 280 mz
6.2 Non-linear effect experiments

/\\

OCOR
C(CH3CN)4PFg (2.0 mol%) ;
1a COOH L14 (2.4 mol%) & CN ‘ 0
" ©OTN
Q\N/OBOC MeO,C DCE (2 mL) ' N

4aa ! N
4 x 6 W purple LEDs, tt, 24 h ; \)
2a 3a R =4-CO,MeCgH, ' Ar AF
(S, S)-L14

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with
Cu(CH3CN)4PFg (0.75mg, 0.0020 mmol) and chiral ligand L14 (1.64 mg, 0.0024 mmol), followed by the addition of
DCE (2.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (18.0 mg, 0.10
mmol), 1a (30.4 mg, 0.30 mmol) and 2a (37.0 mg, 0.20 mmol) were added. Then, the resulting mixture was degassed (3
times) under argon atmosphere. At last, the mixture was stirred at a distance of ~1 cm from 4 x 6 W purple LEDs at 0 °C

for 24 h. The product was purified by flash column chromatography on silica gel to afford the desired product with
petroleum ether and ethyl acetate (7:1, v/v).

100
§ 80 | L
- ..-'.-
g 60 |
g L]
‘:.. 40 | .
°
g 20 .
-100 -80 -60 -40 —%0 20 40 60 80 100
20
ee of Ligand /%
b -40
-60
‘ L J
0 -80 y =0.8609x - 0.7273
100 L R2=10.995

Figure S3. Relationship between ee values of ligand and product 4aa
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6.3 UV-Vis absorption spectra of the reaction components

UV vis absorption studies were conducted to probe the role of the copper salt, chiral ligand and acid under this
photocatalytic system. Absorption experiments were performed on a Agilent Cary 60 UV-Vis spectrophotometer.

1.4

Cu(CH4CN) PF
—L17
Cu(CH{CN)PF¢+3a

1.2 ]

1.0

CulCH4CN)PF¢+L17

08 (?u(('H3CN]4PF6+L17+3n

0.6 4

Absorbance (a.u.)

0.4

o.z_\

0.0

SIJIO 35Il] 4IJIO 450
Wavelength (nm)
Figure S4. UV-Vis spectra of substrate Cu(CHsCN)4PFes, chiral ligand L17, chiral copper complexes [Cu(CH3CN)4PFs +
p-COOMeCsH4sCOOH] (1:2), [Cu(CH3CN)4PFe+L17] (1:1), [Cu(CH3CN)4PFs+ L17 + p-COOMeCsH4COOH] (1:1:2) in
DCE. All the samples were prepared as a 1.0 mM solution and used freshly for the measurement. All solutions were
scanned from 200 to 800 nm.

Preparation of the samples for UV-Vis spectra measurement (All the samples were used freshly for UV-Vis spectra
measurement):

Cu(CHsCN)4PFsin DCE (1.0 mM): Cu(CH3CN)4PFg (2.68 mg, 0.0072 mmol) was dissolved in anhydrous DCE (6.0
mL).

chiral ligand L17 in DCE (1.0 mM): chiral ligand L17 (4.91 mg, 0.0072 mmol) was dissolved in anhydrous DCE (6.0
mL).

[Cu(CH3CN)4PFs + p-COOMeCsH4COOH] (1:2) in DCE (1.0 mM): Cu(CH3CN)4PFs (2.68 mg, 0.0072 mmol),
p-COOMeCgH,COOH (2.59 mg, 0.0144 mmol) was dissolved in anhydrous DCE (6.0 mL) and stirred at room
temperature for 1 h.

copper complexes [Cu(CH3CN)sPFs+ L17] (1:1) in DCE (1.0 mM): Cu(CH3CN)4PFs (2.68 mg, 0.0072 mmol) and
chiral ligand L17 (4.91 mg, 0.0072 mmol) was dissolved in anhydrous DCE (6.0 mL) and stirred at room temperature for
1h.

[Cu(CHsCN)4PFs + L17 + p-COOMeCsH4COOH] (1:1:2) in DCE (1.0 mM): Cu(CHsCN)4PFs (2.68 mg, 0.0072
mmol), chiral ligand L17 (4.91 mg, 0.0072 mmol) and p-COOMeCsH.COOH (2.59 mg, 0.0144 mmol) was dissolved in
anhydrous DCE (6.0 mL) and stirred at room temperature for 1 h.

Remarks: All of the individual p-COOMeCsH4sCOOH, Cu(CH3sCN)4PFs, chiral ligand L17 showed no spectra feature
in the visible light region. However, in situ generated chiral copper complex with acid ([Cu(CHsCN)4PFs+ L17] (1:1)
and [Cu(CH3CN)4PFg+ L17 + p-COOMeCsHsCOOH](1:1:2))exhibited significant absorption enhancement in the range
of 350-450 nm.

7. Determination of the Absolute Configuration of Product 5cc

Single crystals of Cs1H3sN204 (5¢c). A suitable crystal was selected on a Bruker APEX-II CCD diffractometer. The
crystal was kept at 100 K during data collection.
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CN

AN

5cc TN
Boc s

Figure S5. X-ray crystal structure of 5cc
Crystal Data for C3;H3sN204 (M =500.62 g/mol): monoclinic, space group P2; (no. 4), a = 15.3918(2) A, b = 5.81640(10)
A ¢=155214(2) A 5 =94.6890(10)< V = 1384.90(3) A%, Z = 2, T = 108(12) K, u(Cu Ka) = 0.631 mm™, Dcalc = 1.201
glcm3, 6414 reflections measured (5.714° < 20 < 143.062°), 3681 unique (Rint = 0.0296, Rsigma = 0.0467) which were

used in all calculations. The final R; was 0.0340 (I > 2o(I)) and WR2 was 0.0892 (all data).
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8. Copies of NMR Spectra

'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product L17
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4aa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4ba

8L'1
6L'1

6L1

R A —
mc.NW
S0°C
€T
6€C
'z

we

v6'€ —

CN

4ba

Me

oy
1oc

o0E
Hooc

=o'e

=10
=0T

H0'¥

55 50 45 40 35 30 25 20 15 10 05 00 -0.5 -
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

9.0 85

)0 95

TLIN
Pz
TP~
6vt’
I'pe—

LS~
6117
0°621

$'6T1 A

L6T1 \
8IET
SEEl \

I'bEl
0°6€1

L'P9T~
1991

CN

CO:Me
Q"o
4ba

AN

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10 200

f1 (ppm)

526



'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 4ca

LL'1
8SL'1
6L'1
10°C
€0°C
Yo'z
S0°T
90°C
6¢£°C
oy'T
e
wT

6L'E ~
v6'€ —

£8°'S
bw.mw
68°'S

18°9
18°9
£€8°9
£€8°9

9TL~

8¢°L
8¢°L
oy'L
oL

60’8
s
€I'8
SI'8

—

_—

CO;Me

4ca

L

————

MeQ'

Aoy
To0z
00T

=10°€
0€

Foor

=00°C

F00°C

0y

-0.5

0.0

20 1.5 1.0 0S5

2.5

3.0

3.5

4.5
f1 (ppm)

5.0

5.5

6.0

6.5

7.0

9.0 85 8.0

)0 95

LT~
(444 \
6'vT—

I've—

6°6ST ~
LY91~
1991

COzMe

CN

4ca

AN

MeQ

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

10 200

S27



'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4da
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4ea
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!H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 4fa
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'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and *°F (376 MHz) spectra of product
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4ha
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'H NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls) and *°F (376 MHZz) spectra of product

4ia

$6'€ —

9L —
LSL— ———————
s

:.w/

(515 B 1 —
48

91'8

91'8

91'8

COOMe

CN

4ia

W

FiC

=

“oop
o'z
J£0'T

H0°¢

0°L

=0V

H0v

55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -
f1 (ppm)

6.0

6.5

90 85 80 75 7.0

)o 95

L1~
Tre \
6'vT —

6°€E —

TS —

L'y9 —
L9L \
ot
e

€611
TSt /
€°STL
L'sTI
9'6T1
8'6C1 V
el f
£eel

€rel

LPIT~
991~

COOMe

CN

4ia

A

FiC

190 180 170 160 150 140 130 120 110 100 9 8 70 60 S50 40 30 20 10
f1 (ppm)

10 200

534



—-62.89

0 0

S100 20 -30 40 =50 -60 =70 -80  -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

S35



'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and *°F (376 MHz) spectra of product

4ja
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 4ka
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 4la
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4ma
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IH NMR (400 MHz, CDCl3), *C NMR (100 MHz, CDCls) and **F NMR (376 MHz, CDCls) of

product 4na
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 4o0a
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H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4pa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4ga
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 4ra
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4sa
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H NMR (400 MHz, CDClIs) and **C NMR (100 MHz, CDCls) spectra of product 4ta
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4ua

SLT
LLY
8L°'1
6L°'1
081
08I~y

N

8’1 -
£0°C
$0'C B—
L0°T
60'C
or'T
w'T
£9'T

€6'€ —

88°'S

oa.mW —
16°s
969
L6'9
L69
869
9T°L

LTL
8T'L
6T°L

ors
s
€8
€r's
Ir's

COOMe

CN

Z
4ua

|
M

R0y
{4
/£0°T

=01

ZC0°1
01
6°0

OV

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.0
f1 (ppm)

)o 95

Ly~
€VTn
0°sT—

6°€€ —

§¢E—

0°s9 —
L9L
0°LL V
€LL
9°6L \

68 —

€611
L1er /
0°LT1 /
6°LTL /
9°6C1
L6Tl

eet
veel

Trel

L'PIT~
991~

CN

COOMe

A\

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

10 200

549



'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 4va

LL'T
LLT
6L'T
6L'T
08’1
181
(40
€0°C
S0°C
90°¢
80°C
W
wT
€T
L4

96°¢ —

98°S /

L8'S 7 —
68°'S

€L

€L

pI'L

pI'L

9T'L -
LTL
LTL
8L
IS°L ]
s
TSL ]
TSL
s
£I'8
P8 |
L’

COOMe

CN

dva

A\

F00°1

=00°[
“$0° L
6°0

EFL0v

50 45 40 35 30 25 20 15 1.0 05 00 -05 -I
f1 (ppm)

5.5

90 85 80 75 7.0 65 6.0

)OO 95

0°LT~
Tre \
6'vT—

6°€€ —

v'is —

0°s9 —
L'9L

€LL
€18 /
I's8

€611
8°0T1
v'stl
s'6T1
L'6T1
8'6C1
peel
yel

— N

9'H9L ~
1'991

CN

COOMe

(oM o]
4va

W\

190 180 170 160 150 140 130 120 110 100 9 80 70 60 S50 40 30 20 10
f1 (ppm)

10 200

S50



'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4wa
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 4xa
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H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 5ba
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 5ca
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 5da
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 5ea
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 5fa

S8°1
98°1
88°1
68°1 1
761 1
76T |
S6'T
96°1
96°1
L6°T
90°7 1
60°C
01z
91°T
LI'TH
8I°C
8I°C

61°C
¥9°C
£€9°C

€0°¢
LUK
LUK

S0°€
90°¢
€6°¢
£€6°¢

8's
€8's
s8's
YTLY
ST'LA
97°L A
8T'L
6T°LA
0€°L
1€°L Y
€E°LA
PEL
SEL
9¢°L
8€°L
€v'L |
PhL
St'L
ShL
oL
op°L |
s
s

SN

—

CN

COOMe
5fa

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

)0 95

€'ST
0°0€
—dm/
L &4
€TE
L1y
L1y

Vs —

b9
69
LoL
0LL
e’
PS8~

1’98

T8I
Lz
LT
T'LTT
9°LTI
(4148
L'8TI
EXTAR
0°621 7
v'621 ]
s6T1
9671
L'6T1
8IEL
8 IEI
peet |
0'pET |

0°pET |

Lov1’

SH91
S¥91
0°991

——

30 20 10

40

120 110 100 9 80 70 60
f1 (ppm)
S57

130

CN
170 160 150 140

COOMe
Sfa
180

190

10 200



'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 5cc
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 5ga
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 7ab
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 7ac
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 7ad
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 7ae
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H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 7af
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'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and '°F (376 MHz) spectra of product 7ag
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 7ah
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 7ai
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IH NMR (400 MHz, CDCl3) and 3C NMR (100 MHz, CDCls) of product 7aj
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 7ak
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H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 7al
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 7am
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 7an
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'!H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 7ao
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 7ap
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 7aq
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'H NMR (400 MHz, CDCIs) and **C NMR (100 MHz, CDCls) spectra of product 7ar
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 7as
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'H NMR (400 MHz, CDClIs) and **C NMR (100 MHz, CDCls) spectra of product 7at
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 8aa
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 8ab
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'H NMR (400 MHz, CDCIs) and **C NMR (100 MHz, CDCls) spectra of product 8ac
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 8ad
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 8ae
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H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 8af
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 8ag
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 8ah
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'H NMR (400 MHz, CDCIs) and *C NMR (100 MHz, CDCls) spectra of product 8ai
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'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) spectra of product 8aj
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 8ak
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 8al
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'H NMR (400 MHz, CDCls) and *C NMR (100 MHz, CDCls) spectra of product 8am
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9. Copies of HPLC chromatograms

Chiral HPLC chromatogram of racemic 4aa
CO,Me
mAl 2 " ?
100 e\ o
- A ﬁ 0" "0
au—f = CN
4D—E rac-4aa
ZD’:
n:“' L/ T~ _/ — Peak RetTime Type Width Area Height Area
T T T # [min] [min] mAU *s [mAU ] %
1 0 u b 2 - I e oo i [ |
1 20.041 BB 0.6867 4974.55225 109.77054 51. 2869
2 26.616 BB 0.8921 4724.89893  81.28914 48.7131
Chiral HPLC chromatogram of 4aa
CO,Me
= KE
0] [ oo
150 CN
1003 q’& =z
50 \ § @‘-'5 4aa
ol ~ L we
18 o T h A & 5o . )
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %
=== === [====]======= | === | === | =====——1
1 19.382 BB 0.6990 1.26002e4  277. 86282. 97. 5176.
2 27.217 WM 0.9237 320.75040 5. 78773  2.4824
Chiral HPLC chromatogram of racemic 4ba
CO,Me
mAU 4 2
i B
7004 e 5
600 [ g
5005 ~ o
4004
3|m—f /@/\/\/\CN
2no—j rac-4ba
1004 Me
03— —— — - —
14 1|5 1'3 20 2|2 2‘4 % m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
il Bttt === === | === | === | === |
1 16.010 BB 0.6047 3.18659e4  810.49506 51.4684
2 23.647 BB 0.9091 3.00476e4  510. 18719 48.5316
Chiral HPLC chromatogram of racemic 4ba
CO,Me
mAU § 'a"q
0 [z &
800 | 6‘3
‘m ' L"L R (2]
0 ' 53\\'@5 = CN
mg - o m . 4ba
) 1s 1 18 ) 2 P Me
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e mm————- e R R I———---- |
1 14.889 MM 0.6417 3.27319¢4  850.11896 92.4117
2 22.243 MM 0.8772 2687.73145  51.06830  7.5883
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Chiral HPLC chromatogram of racemic 4ca
CO,Me
mAU { N 8
i kY / O [e]
1005 { oN
] / =
i \ / \ =
50 N ~
1 / \\ // \\_7_7_ rac-4ca
e — : — : — MeO
2 30 2 u kil B mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | mmmmmm e | ———————1
1 30.199 BB 1.1747 1.84832e4  239.40404 50. 8421
2 35.525 BB 1.3588 1.78709e4  194. 34470 49. 1579
Chiral HPLC chromatogram of 4ca
CO,Me
mAU B
VEArS
» A%
25 / n‘#@ '_
20 / \ K3
15 \ . & (o)
P / AN a = CN
I A S e R Z
28 0 32 A % 38 mi 4ca
MeO
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el RS R e e e R
1 29.830 MM 1.2522 3079.53418  40.98910 94. 4889
2 35.895 MM 1.2545 179.61600 2. 38637 5.5111
Chiral HPLC chromatogram of racemic 4da
CO,Me
350 <\ =
004 [ e oo
%05 [ /\
20 | ‘ / \ /@/\/\/\CN
150 | \ / \
100 | \ / \ rac-4da
@ )\ / \ npr
03 — - T —
12 14 1IE 1‘8 ZIO 2 mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
———— |- | ——== | —————-- | ———————- | -—————m——- R |
1 13.050 BB 0. 5078 1.46754¢e4 446. 09244  50. 9722
2 19.143 BB 0.7650 1.41156e4 285. 425687 49.0278
Chiral HPLC chromatogram of 4da
CO,Me
mAU 1 o
200 [ 0" o
o | pZ CN
e Z
\ o 4da
20 | \ 3 "Pr
[ S .
1 14 16 18 20 mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
———— |- | ——== | —————-- | ———————- | -—————m——- R |
1 12.443 VB 0.4984 3.57641e4 1114.42578 95.1685
2 18.361 BB 0. 7429 1815. 68286 37.76916 4.8315
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Chiral HPLC chromatogram of racemic 4ea

CO,Me
AU
"4 A
04 5 A}
] 2 / o~ "o
3009 A
] A CN
20 ya Z
] /
1004 ) e J ‘ \ rac-4ea
i _— . / o Bu
0 — — — — T —
T T T
7 B 9 10 1 12 13 m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 9.564 BB 0.6164 1.26737e4  284. 11975 48. 1496
2 11.554 BB 0.4049 1.36478e4  512.19775 51.8504

Chiral HPLC chromatogram of 4ea

CO,Me
mAL n
8,
a
2500 /
2000 [ o o
1500 ] .": = CN
1000 | \
J \ g 4ea
500 \ E ‘Bu
0 S/ - —
" 3 95 10 105 1 15 12 125 mi| Peak RetTime Type Width Area Height Area
# [min] [min] mal *s [mAU ] %

1 9.605 BV 0.4202 8.31102e4 3085.54541 95.9768
2 11.512 VB 0.4076 3483.81567 130.42270  4.0232

Chiral HPLC chromatogram of racemic 4fa

COOMe

o” "o
N /@/\/\/\ N
[ N rac-4fa
N Ph

20 25 25 275 0 325 35 s 40 425 m

A

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
il Bttt |====]======= | === | === | ===

1 21.837 BB 0.9286 4.98662e4  823.32178 50. 0940
2 37.903 BB 1.7661 4.96791e4  409.29633 49.9060

Chiral HPLC chromatogram of 4fa

COOMe
mnui 5
B0 )
w31 oo
400 |
wy [ = CN
200 \
100; f § 4fa

K| ] Ph

0l AN 8

20 5 % 275 0 25 %5 W5 0w Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1 20.609 BB 0.9235 4.14188e4  696.81696 97. 2989
2 36.909 BB 1.2859 1149.82227  10.51407  2.7011
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Chiral HPLC chromatogram of racemic 4ga

COOMe
mnu_.; 3 ?
04 Fl g
2005 | 3 Q/\M
150 [
i [ rac-4ga
1o [ AN
50% . \ ) g Peak RetTime Type Width Area Height Area
0 s . e # [min] [min] mAU *s [mAU | %
12 14 16 18 20 2 24 26 m e |————= - |-————— | === | =——==—=———-
1 13.848 BB 0.4945 9876. 67969 309.30194 50. 7889
2 23.472 BB 0.8638 9569. 84668 169.73198 49.2111
Chiral HPLC chromatogram of 4ga
COOMe
mAU b 9
e s
1000 ‘3 A‘_iﬂ'
800 [ ;\‘S (oo
500 | '; » = CN
400 | \ - ,33‘5
200 ' i\g . 4ga
0= -\_“ T T T .(‘-— —
12 14 16 18 20 2 m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
—=—= | = | === === | === | === | ======—q
1 13.016 MM 0.5736 4.22012e4 1226.16785 96.4059
2 22.430 WM 0.9172 1573.30579  28.58913  3.5941
Chiral HPLC chromatogram of racemic 4ha
COOMe
mAU Y '*l A .
ssué g \\‘9\6 2 \\"h& ?
El | & o &
:g—f o A /@/K/\/\
\ CN
\ rac-4ha
/ N cl
14 16 I‘B ZID 2|2 24 m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== === [====]======= | === | === | =====——1
1 14.657 WM 0.6029 1.53157e4  423.39148 49.5357
2 23.591 MM 0.9722 1.56028e4  267.49545 50. 4643
Chiral HPLC chromatogram of 4ha
COOMe
%Eé E‘- ,@@h
wod [Tt
125117; | & o~ ~o
o S
el 5 \;5 4ha
252;_ " 4‘&@ cl
1;1 16 S 18 26 2‘2 ‘ 2‘4 m| Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
=== === [====]======= | === | === | =====——1
1 14.506 MM 0.6184 7.16036e4 1929.66187 98.1922
2 23.911 WM 0.9116 1318.30750  24.10193  1.8078
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Chiral HPLC chromatogram of racemic 4ia

COOMe
mAU 3 9 1
2503 A 2
3004 [ A
250
200
1504
100 ! \
sg: / A - S rac-4ia
2 2 2 ] 2 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R | -=--——
1 20.922 BB 0.5971 1.53239e4  394. 60956 50.0677
2 27.794 BB 0.8225 1.52825e4  283.70477 49.9323
Chiral HPLC chromatogram of 4ia
COOMe
Al ) 2
500 /2
400 [
30 o~ o
200 o Z CN
100 g
8 . N 4ia
0\ — |77—77 — T -\ - — FsC
18 2 2 24 2% » mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ e R R
1 20.083 BB 0.5234 538. 44165 14. 97637 1. 8220
2 26.686 BB 0.8048 2.90136e4 555.97205 98. 1780
Chiral HPLC chromatogram of racemic 4ja
COOMe
U H
& A §
5 f A
CN
I
/ y AN FsCO
[ — — — - —
10 1 1‘2 15 14 15 ‘Iﬁ 1‘7 ‘IS mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R l====]-===-—- R e | —————r |
1 10.315 BB 0.3868 2474. 82813  99.29336 49. 1357
2 16.405 BB 0.6160 2561.89136  63.05993 50. 8643
Chiral HPLC chromatogram of 4ja
COOMe
B
500 2
400+ [ o” "o
a0 | = CN
0 | <
0 _"I \ S FsCO 4
s s . — . s ;
10 1" 12 13 14 15 16 1w mi Peak RetTime Type Width Area He‘iqht Area
# [min] [min] mAU *5 [mAU ] %
e R l====]-===-—- R e | —————r |
1 10.275 VB 0.3798 1.45113e4  592. 32416 95.9824
2 16.124 BB 0.5657 607.41559  15.48215 4.0176
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Chiral HPLC chromatogram of racemic 4ka

COOMe
mAU E.
sl
70 [ o
60 [ -1
50 | g
» | A~ (2]

) [ AN
k) [ /AN = CN
10 / \ ' .
00— S~ L e—
I T T R rac-4ka
2 25 % 275 % 35 % 375 0 a5 i MeOOC

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== === [====]======= | === | === | =====——1

1 22.583 BB 0.8737 5311.14941  85.86082 50.7871
2 40.962 BB 1.3663 5146.51953  44.07512 49.2129

Chiral HPLC chromatogram of 4ka

COOMe

AU § 2
= R
350+ Al \‘.fe”

E| | L
CH
20 f o 0" "0
150 \ &

i N
1004 | g Z ¢

50+ / \ P

¥ — e 4ka

T T T T - MeOOC
kil 25 5 75 0 25 3% 375 ] 425 il
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 22.758 WM 1.0647 2.64255e4  413.66782 94. 8343
2 42,470 M 1.7867 1439.40649  13.42674  5.1657

Chiral HPLC chromatogram of racemic 4la

COOMe

400 [T ~ JL\
[ 7N oo
300 / /
20 / / Me Z eN
100 / AN
Y ~ / ~ rac-4la

3
)
=

18.725

23.558

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 18.725 BB 0.7018 2.35732e4  521.05475 50. 6562
2 23.558 BB 0.8829 2.29624e4  402.93149 49. 3438

Chiral HPLC chromatogram of 4la

COOMe
4004 \ 0”0
300
200 N Me 4 CN
100 b 4la
0] = — S ——————
16 ‘\"! 18 IIQ 2|EI pal 2‘2 2‘3 24 2‘5 mi
1 18.065 BB 0. 65685 2.35906e4  554. 30634 96. 5560

2 22.988 BB 0.8083 841.43146 15.67513  3.4440

598



Chiral HPLC chromatogram of racemic 4ma

COOMe
Al & 8 ?
4003 | ; ‘é}
Jﬁﬂi ! A\ [ \
JOEI*E / \
2504
2004
15I:I:f . \
100 3 \ N
B / ANy ) .
16 17 18 19 20 2 22 mir
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | === |==-m-m-mm- | ———————1
1 17.426 BV 0.5707 1.68262e4  447.43515 48. 8640
2 19.5H66 VB 0.6418 1.76086e4  416.04367 51.1360
Chiral HPLC chromatogram of 4ma
COOMe
AU 8
1000 f2y
800
800 o o
400 . R
0 . i €0 & CN
(o m—— = — X 4ma
17 18 19 20 21 2 m
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el RS R e |- e R
1 18.030 BV R 0.6100 4.84343e4 1223.04114 97.8885
2 20.229 VB E 0.7509 1044.74805  20.42156 2.1115
Chiral HPLC chromatogram of racemic 4na
COOMe
" a z ” * ™ Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | === |==-m-m-mm- | ———————1
1 14.525 MM 0.5619 2.45654e4  728.65869 50.0741
2 24.700 BB 0.9037 2.44927e4 415. 49844  49. 9259
Chiral HPLC chromatogram of 4na
COOMe
mAU | % s
k| LS 4
ol [T
w| & oo
mi | E = CN
400
i 8 4na
200 | \ e
01— N &
i ’ © 8 »n » u % ni Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1291. 89673 98. 1082
14. 75689  1.8918

0.5449 4.22388e4
0.8139 814.50043

1 14.133 MM
2 24.502 BB
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Chiral HPLC chromatogram of racemic 4o0a

mAU
800
700
600
500
400
300
200
100

13.582

,
"2
B

. i8a7s

COOMe

OiO
=

CN
Br.
rac-4oa

Peak RetTime Type

# [min]
Jb el .

1 13.582 WM

2 16.378 WM

Width

0.5058 2.73641e4
0.6191 2.85366e4

Height
[mAU ] %

901. 73438 48. 9513
768. 20776 51.0487

Chiral HPLC chromatogram of 4o0a

COOMe
LH A
1400 £
1200 ‘ (o]
1000
= o P
00 ] \ 40a
2004 " ) N
0 — T e Z . = — s
13 14 15 16 17 18 it Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ |- R ] Bt
1 13.485 BV 0.4432 1464. 42297  50.67054  2.3118
2 16.182 BB 0.5683 6.18798e4 1669.92505 97. 6882
Chiral HPLC chromatogram of racemic 4pa
COOMe
mAU -
120 # 2
100 [ E
80 | Iy (O]
60 | A
40 // CN
“ J H‘\ rac-4pa
03 : — ; - — — Me
14 16 18 20 2 2 m
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 14.057 BB 0. 4905 4525. 12842 142.50616 49. 6560
2 23.079 BB 0.8416 4587.81738 84.73967 50. 3440
Chiral HPLC chromatogram of 4pa
COOMe
mAU 1 H
0 E
200% .‘I |
150 | [o e}
i ¢
wy . & = CN
50 8 & ~
P W 4pa
— T T T T —T Me
14 16 18 20 2 % m
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R | === R ]
1 14.095 BB 0.4889 8983.24902 284.08578 98.8333
2 23.352 WM 0.6830 106.04147 2. b8774 1. 1667
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Chiral HPLC chromatogram of racemic 4qa
COOMe
mAU /E\ 9 %‘ &)
60 /_// EA \@& P /%‘\x\ @@P
jg / \?\&\‘q' ) / y ‘\\\\Q-
£ /
® / / g rac-4qa
10 7 - o
e - e — : —
30 325 3‘5 s JIU 42‘.5 45 d?l‘s 50 m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 36.814 MM 3.9308 1.63209e4 69. 20119 49. 0032
2 45.567 MM 4. 3893 1. 698494 64. 49287 50. 9968
Chiral HPLC chromatogram of 4qa
COOMe
mAU P B
120 /=N
100 [ oo
80
60 nﬁ. // CN
40 2 w:‘ﬁ 4ga
o S & ove
0 _ ~ IO, .
s » B o 2 “ %5 a o Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ |- R ] Bt
1 36.751 BB 1. 3423 1. 15966e4 129.79819 96. 9730
2 46.258 MM 1.7299 361.98923 3. 48767 3.0270
Chiral HPLC chromatogram of racemic 4ra
COOMe
rnAUi / 2\‘ @@\\ g \3‘33? ?
2000 ! \\8\5.‘ _,-F-\\c‘i
1500 : { L
i / \\
1000 ! / CcN
500 R /
04— - 7 rac-4ra
4‘ l‘i B 1I|] 12 rwJ
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 3.996 MM 1.2820 1.99371eb 2592.02002 50.0348
2 10.296 MM 1. 6367 1.99094eb 2027. 34521 49. 9652
Chiral HPLC chromatogram of 4ra
COOMe
mAU &
700 [3N ‘;&%«a
500 &
P - 7 e
300 \\@
200 . o N // CN
100 / . %\\\‘
0 — = — — — 4ra
4 8 ] 10 12 m cl
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R | === R ]
1 4.947 MM 1.0700 5.12798e4 798. 71747 97. 3209
2 12.219 MM 1. 3687 1411.63855 17.18926  2.6791
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Chiral HPLC chromatogram of racemic 4sa

COOMe
mAU A ﬁ\ ?
303 I S
%3
a) _
153 \ N O
103 /
57 /" A e rac-4sa
e — o : :
o % 5% 60 62 o 66 mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 54.751 BB 1. 4664 3451.58813  33.26871 49.0084
2 62.295 BB 1.4183 3591. 26489  31.68695 50.9916
Chiral HPLC chromatogram of 4sa
COOMe
muj H ?
400 RN
350 ©
300
250+
200
1503 AN "'i
0] 2 \\ ‘/k/\/\
504 8 / .
0 ‘ T _Ii T — T T 'I-/ T T T
52 5" % 5 60 82 64 6w Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ |- R ] Bt
1 56.699 BB 1.3067 1373. 43628 12. 43390 2.5197
2 63.791 BB 1.8548 5.31337e4 438.77386 97.4803
Chiral HPLC chromatogram of racemic 4ta
COOMe
mAU v:,:“‘
10 fa\ g
8 / \ .E\
i h
4 \
2 AN
| NS T
2 % 2 3 30 2 M 3 B
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 23.772 BB 0.8455 686.08771 11. 18645 49.0262
2 35.405 BB 1.1574 T713.34418 7.29105 50.9738
Chiral HPLC chromatogram of 4ta
COOMe
mAU -1
@ ."El‘l' ’f‘é@
0 L&
" \ P o)
10 g \.\x-"ﬁ = CN
y A\ &
ISR o .
2 2% % 2% 0 2 34 il
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R | === R ]
1 24.104 MM 1. 0185 2797. 35303  45.77496 95. 3195
2 33.782 MM 1. 3567 137.36012 1. 68747  4.6805
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Chiral HPLC chromatogram of racemic 4ua

1 20.368 BB
2 31977 MM

0.7586 3.65592e4
1.0813 990. 86139

742.23889 97.3612

COOMe
mAl = @
400 g \'t;& . ?
300 [ ‘-@‘\\ g
. \ N o o
" O/\/\/\CN
PR — . o x
s 0 %5 35 ars & ™ \ S rac-4ua
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | === e e Bt e
1 22.001 WM 0. 8803 2.54698e4 482.20126 52. 7385
2 36.784 BB 1. 3244 2.28247e4 248. 78468 47. 2615
Chiral HPLC chromatogram of 4ua
COOMe
mAU 2
i gx §€
200 [
wso—; | o~ ~0
wi | Qﬁ’
1 | 5 o0
. R & = CN
] R =
vt - _ : . — \_s 4ua
2 2 % 2% 2 30 32 uom
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el RS R e |- R ] Bt
1 20.339 MM 0.7485 1.12784e4  251.13148 94. 1960
2 32.201 MM 1.0717  694. 92627 10. 80742 5. 8040
Chiral HPLC chromatogram of racemic 4va
COOMe
mAl C)
204 \ & o ?
- £§; g oo
150+ \ A
1004 \ Z eN
] \ \ 7
04 ) L N s rac-4va
I - . -
20 2‘2 %4 EIE EIB SI‘IJ 3‘2 H om Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | === e e Bt e
1 20.824 MM 0.7866 1.34935e4 285.91623 50.8143
2 31.516 BB 1.1378 1.30610e4 176. 39807 49. 1857
Chiral HPLC chromatogram of 4va
COOMe
mAU E
600 ;:g..
500 [
400 (oo}
300 &
200 | @F = CN
100 3@\“\' =z
0l S . Z I
* 7 7 T T T 4va
) 2 2 % b} 30 2 mi S
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

15.27252  2.6388
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Chiral HPLC chromatogram of racemic 4wa

COOMe
0
125
15(; (oo}
50+
g Z -
;2- p I '\\\ . | rac-4wa
" "s “ 15 E 15 1 18 ® m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [maUu ] %
e e R [ [[EE— -1
1 11.921 BB 0.3204 4595.84473 219. 38791 49. 6284
2 13.602 BB 0.3706 4664. 67480 193.91878 50.3716

Chiral HPLC chromatogram of 4wa

COOMe
mAl H
120~ :\
102 /A
PE
EE o~ "o
- \ CN
" y " Z
03 — T ‘\ —~ ——— \7' L T 4wa
1 115 12 125 13 135 1 15 15 m
Peak RetTime Type Width Area Height Area
# [min] [min] mAl *s [mAU ] %
=== = | === === | === | === | ——====
1 11.711 BB 0.3282 2450. 10571 114.23812 41.0626
2 13.338 BB 0.3736 3516.65503 144.64700 58.9374
Chiral HPLC chromatogram of racemic 4xa
COOMe
mAl ‘Z, @
100 ;"; \ ]
s foh &N 0o
60 AN
4 \\\ Q // CN
20 / N N ~o
0 e — _/ _ . rac-4xa
@ @5 4 o5 5 25 5 575 nir ? (6}
Peak RetTime Type Width Area Height Arep
# [min] [min] mAU *5 [m&aU ] %
=== |- |====|======= | === | =========- | =====|
1 41.754 BB 1. 6666 1.42450e4 126.80149 50. 8158
2 52.928 BB 2.0969 1.37876e4 91. 14021 49.1842
Chiral HPLC chromatogram of 4xa
COOMe
Al
120 o X0
100
[ ? = CN
& 8 o 4xa
@ \ K
0 . B c‘> o}
e T “"'7 — —
o @8 “® s o 525 5 o8 i Peak RetTime Type Width Area Height Arep
# [min] [min] mAU *3 [mAU ] %
=== |- | ====1======= | === |-—=——=—-—- | === F==1
1 40.288 BB 1.6209 1.64002e4  148.22200 86.1691
2 52.705 BB 1.6989 2632.36353  18.18356 13.8309
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Chiral HPLC chromatogram of racemic 5ba

Ar
mAU S OA\O
a0 ‘-"9"-‘ g
- [ b /‘\/?g\CN
& Ph
| / N
200 | Boc
100 / rac-5ba, Ar = p-CO,MeC¢H,
. N T — / SR
" G ® » 2 “ % # " | Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | mmmmmm e ] EEEEEEEE
1 15.274 BB 0. 6304 2.09303e4 502. 00470 50.7278
2 26.345 BB 1. 0208 2.03298e4 303. 77676 49.2722
Chiral HPLC chromatogram of 7a
Ar
" & o)\o
300 | = CN
250 [ Ph Z
200 & N
150 P Boc
100 g (\\‘G Sba, Ar = p-CO,MeCgH,
50 e .
0 L ~— - e
1'4 16 1‘8 ?‘D 2'2 24 % 2‘8 3‘0 mit Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el RS R e e [ ] BE LR
1 15.965 MM 0.9703 1345. 65027 23.11349 4. 3056
2 26.789 BB 1. 0616 2.99075e4 434.19070 95.6944
Chiral HPLC chromatogram of racemic 5ca
COOMe
300 <)
m || 2
200 [ & o~ ~o
[CE R ™\
mu—% [ . y CN
50 | AN
0= e — e rac-5ca N
125 15 175 2 25 5 275 30 mi Boc
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | mmmmmm e ] EEEEEEEE
1 13.621 BB 0. 6253 1.41594e4 346.07959 48.7762
2 27.704 BB 1. 2982 1. 48699¢4 176.61806 5H1.2238
Chiral HPLC chromatogram of 5ca
COOMe
mkUé E,
500+ &)
4uﬂj .‘I |
3004 5 | o~ ~o
200 [l
1005 Wal // CN
e \ - . 5ca >N
10 125 15 175 2 25 25 s 30 mil Boc
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1 13.381 BV
2 26.632 BB

0. 5444 5508. 02197 155.07568 11.1726
1.1115 4.37914e4  602.82513 88.8274
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Chiral HPLC chromatogram of racemic 5da

COOMe
mAU a E "
» ) ., . - / AN ) y AN
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 50.157 BV 1.9136 1.70333e4  138.61842 27.2812
2 55.679 VB 2. 1181 1.45069e4  105.37676 23.2348
3 74.135 BV 2.7899 1.69884e4 93. 58150 27. 2092
4 85.814 VB 3.2053 1.39076e4 65. 70885 22.2749
Chiral HPLC chromatogram of 5da
COOMe
iy &
40 fg\
120 [
Y o U
122 & -‘: \ o @'«ﬁa g ‘_Dg;‘?
/ \ B 5 &
wle {w"’" [\ Rl /ra'ak*‘
¥ /
" ® N o r\\r_ ./ \,\7_
5'0 55 én 6‘5 7‘0 75 EIO 5'5 % o Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ e R ] Bt
1 49.339 MM 1.3065 237.84451 3.03415 0.5109
2 H6.827 BB 2. 5600 2.92977e4 155.79420 62.9328
3 74.874 MM 3.0733 7459.18994  40.45102 16. 0227
4 87.016 MM 3.9644 9559.22168  40. 18769 20. 5336
Chiral HPLC chromatogram of racemic 5ea
COOMe
mAU 2
120 E §
100 I 2 0”0
80 [ [\ Z
:z ;: ‘-.‘.‘_‘ / O rac-5eaNC
0l N~ / ~
@ 45 5 5 ® m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 38.113 BB 1.1524 1.07120e4  140. 35490 50.7248
2 59.986 BBA 1.7168 1.04059e4 88. 30840 49. 2752
Chiral HPLC chromatogram of 5ea
COOMe
mUq K
CUEI
EERNIN
0 ; .‘ o~ o
wi [ =z
200 | 2 5ea NC
1004 | g O .
0 s —— ——
0 & % i @ 65 i Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R | === R ]
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1 39.137 BB 1.1364 5.07272e4  684.61877 97.5723
2 61.609 BB 1. 4450 1262. 16284 10. 33315 2.4277
Chiral HPLC chromatogram of racemic 5fa
COOMe
Bg . :
w A : H 3
125+ [ [ M\ JARY P oN
Iﬂﬂ-‘ I‘ ‘I .‘. “ / \ -..‘ \ 5f: F
75: | \ ! / rac-3fa
0} VAR [\
E \ \ Peak RetTime T Width Ares Height Are:
?;4,__' N S N “F minl T minl mAU s [mAau ) .
25 45 45 5 25 55 575 P - T e [==mmlmmmmms L [ I====="
1 44.172 BV 1.3178 1.69954e4  194.04349 27.1038
2 47.000 VB 1.3892 1.47144e4  158.48764 23. 4661
3 52.263 BB 1.5369 1.41718e4 136. 53653 22. 6008
4 57.494 BB 1.7231 1.68234e4 144. 20512 26. 8294
Chiral HPLC chromatogram of 5fa
COOMe
mau:’ g é K '&L‘J (oo}
EU_; .‘"‘ .I"‘ ;':‘ 5\\@‘? =z N
} { \ i \ Ph
404 & & 5fa
1 - -
20 s g &
1 73;\@ _ 3“1\:7 - B / SN L N Peak RetTime Type Width Area Height Area
o1 : ] # [min] [min] mAU  *s [mAU ] %
45 50 5 60 [ S | mmmm | mmmmem e | |mmmm e mmmm o]
1 44.727 MM 2.3402  231. 56281 1. 64920 1. 0839
2 48.007 MM 2.3329 424.69827 3.03411 1. 9879
3 H6.661 BB 1. 5470 1. 007994 92. 37705 47.1803
62. 349 MM 2.0692 1.0628be4 85. 60879 49. 7480
Chiral HPLC chromatogram of racemic 5cc
Me
mAU E o,
b I
&0 3 /8"
&0 [ oo
400 = CN
/ AN / AN rac-5¢cc N
200 / \\ . /'_.‘ \\\ Boc
0 o 1 —
5‘5 5'3 éu a'z ] 66 6‘8 TID 7‘2 7'4 mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %
mmmm | mm————— R e | mmmmmm e e Bt e
1 58.430 BV 1.9508 1.11841e5  843.55957 48. 8640
2 63.581 VB 2.1791 1.42336e5  947.20911 51.1360
Chiral HPLC chromatogram of 5cc
Me
mAU ] 2
400+ /30
E oo
0 Z oN
] 2
0 2 _ \ Sce Noc
o — ~
5‘5 5‘8 60 ﬁlz GLI 68 Bla T‘D 72 T mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
mmmm | mm————— R e | mmmmmm e e Bt e
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1 59.619 BB 1.5723 4504. 42236  38. 46289 6. 8685
2 64.013 BB 2.0048 6.10768e4  457. 71579 93.1315
Chiral HPLC chromatogram of racemic 5ga
Ar
o H A o)\o o]
0 &N JEA
2505 { \
zno—:_ | . \ /\/\/\/U\Ph
1505 / / \ Ph
1225 / / \, rac-5ga, Ar = p-CO,MeCgH,4
] y,
o —— L . .
Y 2 £l % # ! 2m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e B R | === | === B e e P
1 31.894 BB 1.0246 1.95534e4  295.26044 50. 6562
2 38.475 BB 1.2720 2.80759e4  341.90616 49. 3438
Chiral HPLC chromatogram of 5ga
Ar
Al 3 A o~ O o
1204 -
mu—:j :" \ // Ph
w- \ Ph
CE / \
0 2 5ga, Ar = p-CO,MeCgH,
20 5 y
S —
o 2 u * B 0 i Peak RetTime Type Width Area Height Area
# [min] [min] mAl *s [mAU ] %
e B R | === | === B ] EEEEEE e I-——————1 |
1 31.669 BB 0.8617 456.60013 6.32899  3.7954
2 38.194 BB 1. 2317 1.15739e4  142.48247 96. 2046
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Chiral HPLC chromatogram of racemic 7ab

mAU

S

\ 3 g
0 g\ 4}@9
100 ‘5\\\\" «
8
80 \
a0 / rac-Tab
20 / / \.\
[ —— . e e— — s
105 " 115 12 125 13 135 Lul Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== === [====]======= | =m—mm = | === | =====——1
1 11.058 MM 0.3747 3610.12598 160.56847 48. 7398
2 12.384 MM 0.4214 3796.81274 150.17322 51.2602
Chiral HPLC chromatogram of 7ab
G
200 [e) o)
150
CN
100 W@ 4
. &
50 g8 7ab
o / N
3 T _7_\7_7 . T - T
105 " 15 12 125 1 135 14 145 " Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
—=—= | = | === === | —————————= |——==————— | ======—q
1 11.465 MM 0.3582 180. 23946 8.385662  2.7904
2 12.802 MM 0.4099 6279.02344 255.29530 97. 2096
Chiral HPLC chromatogram of racemic7ac
4 A s &
251]-E /e ".‘@fﬁ N :\"?u ?
m- & LA
150 \
1007
50;1 ) N ! \‘\\ rac-Tac
- —
10 10"5 19 11‘.5 12 1;‘55 13 i Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== === [====]======= | =m—mm = | === | =====——1 I
1 10.745 MM 0. 3735 6920. 76318 308. 84390 48.7333
2 11.907 MM 0.4214 7280. 54590 287.93240 51. 2667
Chiral HPLC chromatogram of 7ac
Me
mAU i i:w
zoo—f .
1507 0" o
mnj; = CN
" T B Tac
10 105 1" 115 12 125 13 135 il
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
=== === [====]======= | =m—mm = | === | =====——1 I
1 10.871 BB 0.3308 172.64874 8. 03257  2.5630
2 12.013 BB 0. 3756 6563. 44775 270.04062 97.4370
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Chiral HPLC chromatogram of racemic 7ad

37.862
@

OMe

AU . X

/ A /N
W IR 4 IR

[ & [ &
30 [ A [ A 0" "o
20 / "__. l‘." = CN
v / AN AN rac-Tad
s _/ — ~ -

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 37.862 MM 1.2982 3847.36646  49.39214 47.5924
2 41.232 WM 1.4500 4236.62354  48.69737 52.4076

Chiral HPLC chromatogram of 7ad

OMe

mAU 3 5 [ ?
Y-
350 /e N
300 &
250 N 0" Yo
\
200 A /
& /
50 & AN y CN
o A / N
100 E / .
50 ¥ Y, ~—_ 7ad
0 — = ——— —
% 3‘? 38 kL] 4‘0 4‘1 42 43 mi =
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 37.498 MM 0.9972 706.75677 11.81195 1.8766
2 40.046 MM 1.4813 3.69545e4  415.80258 98.1234

Chiral HPLC chromatogram of racemic 7ae

Cl
mAU y © A
140 A . \-__\:‘35’?
f,g [ ¥ [
® [\ / \ oo
= CN

18.701
&,
G
21509

a0 / \
2 / \\_ / \*-.
S — | — : — B — rac-Tae
17 18 18 2 2 2 3w
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 18.701 MM 0.6109 6169.59619 168.31406 48.4442
2 21.599 MM 0.7077 6565.86865 154.62335 51,5558

Chiral HPLC chromatogram of 7ae

Cl
A 9
L
350 /RN
/ 5
250 -
o” "0
150 @4‘#
©
L = CN
& . Z
A S _ o
18 "1 » " A 2 23 i Tae
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1 18.973 MM 0.5167 387.48828  12.49762  2.2993
2 21.725 WM 0.7034 1.64652e4  390. 14963 97.7007
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Chiral HPLC chromatogram of racemic 7af
mAU : g ﬁ’{b ?
20 [
[ &
150 ¥\
100
50 . ) -\\\
L S — *I—#" ‘ ’—VI-"/ T — rac-Taf
% 2 % 7 2 ] k] "
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 26.293 MM 0.7272 1.09544e4  251.05565 47.8534
2 28.943 MM 0.7692 1.19372e4  258.64316 5H2. 1466
Chiral HPLC chromatogram of 7af
mAU ,§
a0 "8
300
o” "0
20
100 g | 4 CN
IS = 7af
2% 2 % b4 % ] 30 i
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el B e | —=mmmmmm o R e |
1 26.392 BB 0.6339 593.08472 14.18254  2.5113
2 29.005 BB 0.7391 2.30239e4  478.73273 97. 4887
Chiral HPLC chromatogram of racemic 7ag
mAU /é & ,§_\ \\g,
150 ! \‘@ ; &
100
50 ANy AN
Dlﬂi - ‘_\(;5 1‘| ;F - 1'2 |2|5 PI7 mi rac- 739
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R l====]-===-—- R e | —————r |
1 10.954 MM 0. 3815 5850. 86133 255.57797 49.3242
2 12.080 MM 0.4165 6011. 19580 240. 55594 50. 6758
Chiral HPLC chromatogram of 7ag
CF3
2 A @
% € ﬁ"a [o)ie]
K SN
2% ) E
2& . / ‘ = CN
154 X /
104 g 3\.:" AN 7ag
54 P / N
03 e _7_;_ T - T T T T 7_7\_ﬁ7
9 92 94 98 98 10 102 104 1086 108 mi Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R | === R ]
1 9.369 MM 0.2527  17.75990 117117 1.9762
2 10.263 MM 0.3444 880.92743  42.63631 98.0238
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Chiral HPLC chromatogram of racemic 7ah
Ph
mAU & o &
120 f2\ L
100 [\ /“'g\'
o A 0o
80
40 = CN
20 /" N \ Z
i ‘—- e — S — rac-7Tah
15 i 7 18 9 ] 21 2 i
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 16.689 BB 0. 6185 5651.556371 140. 72766 49.9510
2 20.282 MM 0. 9270 5662. 65039 101.80650 50.0490
Chiral HPLC chromatogram of 7ah
Ph
N:?Jg ’E \ o ?
80 @\\‘*._‘ o o
60
o & : z oN
“ 'i\\“g \ 7ah
’4 S e e
18 17 18 19 2 2 2 1 ul Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el B e | —=mmmmmm o R e |
1 17.038 MM 0.5923 139.27184 3.91920  2.1667
2 20.591 MM 0. 9553 6288.53906 109.71644 97.8333
Chiral HPLC chromatogram of racemic 7ai
Me
w A ?
175 / \‘S
150 [ o~ o
125 !
T = N
50 ©/\/\/\
P P
[ — : — — . rac-Tai
95 10 105 " 115 12 125 m
Peak RetTime Type Width Area Height Area
# [min] [min] mAl *s [mAU ] %
el EEEEE | === | —=——=—- e e ] et
1 10.353 MM 0.3603 4813.41455 222.68799 48. 6309
2 11.560 MM 0. 4059 5084. 44189 208. 74883 51. 3691
Chiral HPLC chromatogram of 7ai
Me
mAU - :
60
" 0o
40
30 é CN
o z\fy
10 a\\\\“' /,' Tai
0 S . I
10 105 |‘1 ns 12 12'5 m
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el B e | —=mmmmmm o R e |
1 10.559 MM 0.2814  29. 68396 1.75832  1.8501
2 11.784 MM 0.3863 1574.78076  67.93993 98. 1499
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Chiral HPLC chromatogram of racemic 7aj

OMe
’?AD; ? 53"? 4 .-'E\"Ue‘@“ﬂ'
“ & F 0" No
60
@ _— CN
20 . AN /
0 — . - ‘ rac-7aj
2 5 % 7 2 2 3 31 2 B i
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
it Bt | === === | =m—mm = | === | ====—==v
1 25.739 MM 0.8438 5735.50635 113.28175 47.8529
2 30.546 MM 0.9974 6250. 19678 104. 44579 52.1471
Chiral HPLC chromatogram of 7aj
OMe
mAU B i)
200 [N 5“’(‘
/ Sz"
150 L (O 6]
100 o / CN
50 i\g@ / Z
’ o - — : 7aj
25 27 Kl 32 3 mil
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el e | —————————= |——==————— | —=————=q
1 26.559 MM 0.7191 345. 08292 7.99793  2.2088
2 31.166 MM 1.0392 1.52778e4  245.01814 97.7912

Chiral HPLC chromatogram of racemic 7ak

Br
g d’ ?/
1200 A
1000+ ,\\"‘\%: (O e}
800
600
400 Z CN
ZUD—‘
0+ - o rac-Tak
14 15 m
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
il Bttt |====]======= | === | === | ===
1 11.626 MM 0.4589 4.02642e4 1462.49927 49.4783
2 14.671 MM 0.5535 4.11133e4 1238. 08875 50. 5217
Chiral HPLC chromatogram of 7ak
Br
mAU g\ éy
200 /T g\’(? (0] (6]
A
150 \
100 o 4 CN
Fd 7ak
" " " 128 " 153 " s " Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1 11.141 MM 0.3093 195.93074  10.55700  2.6051
2 13.861 MM 0.4615 7325.03662 264.54074 97.3949
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Chiral HPLC chromatogram of racemic 7al

SMe
1204 [7 e .-—\:‘@_‘@
100 &\ FA (@) (6]
80 / Y
60 /
| & CN
20 ] V4 AN
- — — rac-Tal
14 15 16 17 18 19 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== === [====]======= | =m—mm = | === | ====—==v
1 15.281 W 0.5514 5145.07178 155.52129 49. 6586
2 18.084 MM 0.6508 5215. 82178 133.57709 50.3414
Chiral HPLC chromatogram of 7al
SMe
mAU B »
600 EAN
e
It & 0o
3004 &
2003 g g‘_ép ‘ // CN
1004 R S/ N
== T 7 T T —— 7al
135 14 145 15 155 18 185 17 175 mit
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
—=—= | = | === === | —————————= |——==————— | —=————=q
1 14.058 MM 0.4243 583.69330  22.93003  2.5435
2 16.400 MM 0.5675 2.23644e4  656.82703 97.4565
Chiral HPLC chromatogram of racemic 7am
NHBoc
mAU ; @ &
o 8\ s &
250 & '
00 Ll T AN [ONe}
150 /
100 / \ // CN
50 / y, \\.‘
0 = — — S —— rac-Tam
a5 I 105 1 115 12 125 13 135 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== === [====]======= | =m—mm = | === | ====—==v
1 10.471 MM 0.4214 8715.07324 344.68573 50.2614
2 12.513 MM 0.5016 8624.41504 286.58902 49.7386
Chiral HPLC chromatogram of 7am
NHBoc
mAU P W
1400 / E *Z_Jf
1200 / )
1000 VAR
800 & o” "0
600 . F
e 4 & = CN
0 —— — ——— —
1‘0 10'5 1I| HI‘.’) 1‘2 125 1‘3 135 mi 7am
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1 10.797 WM 0.5358 5.21127e4 1620.93616 97.9593
2 12.980 MM 0.4599 1085.61560  39.34563  2.0407
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Chiral HPLC chromatogram of racemic 7an

A8 F 1 Me
15 ~? a4y 0o
15—; \ ;&%\"
- on
2: / . ) S rac-Tan
04 —— - —
18 185 1 195 ] 05 # s L] Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 18.599 MM 0.5241 657.19891  20.89902 47.8680
2 20.589 MM 0.6219 715.74078  19.18149 52.1320
Chiral HPLC chromatogram of 7an
\\‘ﬁ\‘ Me
&
& N\ (@) 6}
G%
. // CN
— — S 7an
1‘3' 5 2II] 265 2 215 2'2 225 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ e R ] Bt
1 18.759 WM 0.53b65 459.67822  14.30752  3.0082
2 20.653 MM 0.6691 1.48211e4  369.17059 96.9918
Chiral HPLC chromatogram of racemic 7ao
mAU ] 2 =
2000 g .\Sﬁ% N Cl
1600 L \ (O]
10005 A\ / CN
s \ AN Z
] y S Y N
[ S— " : — - e — ] rac-Tao
» £ 31 3 u k] i
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 30.570 MM 0.7298 1.00558e5 2296. 44360 50. 4451
2 33.781 VB 0.7411 9.87833e4 2046. 57312 49. 5549
Chiral HPLC chromatogram of 7ao
mAl 4 ": Cl
zon;: /3N o~ Yo
160 CN
100—_3 =Z
50 g 7ao
e — —
= £ = = = = ™ | peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R | === R ]
1 30.905 BB 0.5914 411.18039 10.30792  3.3147
2 34.107 BB 0.7271 1.19937e4  249.37199 96.6853
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Chiral HPLC chromatogram of racemic 7ap

0\
(0]
Eg jE\\Qﬁ _Exnéﬁ*
™ AR
125 / ‘;\\\‘\. / ;\“\
100 / \ O o
7% / \ / N\
:: -\\‘ \\x_ & CN
0 — — s ——
2[)-‘-I2-1‘-I-Z‘Z-‘-IZ-CG‘-I-Z‘d‘l.‘ZSII ‘ZIE.“.ZIT ‘Il'm rac_7ap
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== == |====l======= | === | === | —=====—A
1 21.685 M 0.7826 8946.94531 190.54466 48.7216
2 24.782 WM 0.9522 9416. 44434 164.82524 51.2784
Chiral HPLC chromatogram of 7ap
0\
(0]
mAU ,»i-\ &
120 o \‘@bv
100 / &
80 / LN
60 Fd / (oo}
“ g & / AN
20 g‘@& S & CN
J I
» 205 P 215 2 225 k<] s 24 245 i Tap
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
=== |- |=========—= | === |-—=————=—- | —=—===— |
1 20.678 MM 0.5726 176.91281 5.14923  2.4705
2 23.343 W™ 0.8767 6984.07275 132.76654 97.5295
Chiral HPLC chromatogram of racemic 7aq
mAU | A 2
8] & a8
] 3 SR [O 6]
s,
- o
i h / \
z] / N e ~— rac-Taq
0= — —
® B 40 4 42 43 44 i o Peak RetTime Type Width Area Height Area
# [min] [min] mAl *s [maUu ] %
=== === | ====]======= | === | === | ========
1 39.128 BB 0.9835 723.08197 9.01778 49. 2531
2 43.326 BB 1.0697 745.01105 8.31204 50. 7469
Chiral HPLC chromatogram of 7aq
AE\ q@
2 e !
& 0 o
&
// CN
) \\‘\ 7aq
' 37 o aa o .39‘ o -4‘0 o 4‘1- o az' o 43 ' 44 . -4'5' ‘ 4I5-rr|| Peak RetTime Type Width Area Height Area
# [min] [min] mAl *s [mau ] %
=== === | ====]======= | === | === | ========
1 39.253 MM 1.3544 791.73676 9. 74245 100. 0000
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Chiral HPLC chromatogram of racemic 7ar

mAl b ) 2

3 /& e
s [\ & Me—N\7
1504 o f
1254
1004 [Xe]
754 / \
504 / . / N\ FZ CN
%y N J o

o = e = 7

85 9 95 10 105 11 15 12 125 13 m rac-far

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 9.215 MM 0.3791 4966. 268556 218. 34009 50. 1966
2 12.195 BB 0.4178 4927.36523 179.76183 49. 8034

Chiral HPLC chromatogram of 7ar

mAU :
300 /2 Me— N~
250 [
200 f !
& { \
150 & / \

13.0%8

o” "0
& ‘
100 o g / \
w ;‘x@‘\ i ©/A/\0N
0 - — — L S~
8 } 10 It P I 14 i 7ar
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il Bttt | === === | === | === | === I
1 9.592 WM 0.4498 735.67480  27.26163  5.4643
2 13.018 BB 0.5765 1.27277e4  334.03625 94. 5357

Chiral HPLC chromatogram of racemic 7as

Me
. i e O
/ | E\ \»@B
/ & o o
s0 : \ . : \ 4 N
i I / ~ _ S
e e S I e e e rac-Tas

Peak RetTime Type Width Area Height
# [min] [min] mAU *3 [mAU ] %
il Bttt |====]======= | ========== | === | === I

1 12.276 MM 0.4516 6942. 37939 256. 18973 50.5037
2 15.644 WM 0. 5668 6803.88965 200.06252 49.4963

Chiral HPLC chromatogram of 7as

Me
- SNZ

mAl § 3. ]

&\ &

EH { 3 (0] (6]
2504 / &é‘
200 &

| _ CN
803 o & =

i s
504 W Tas
e ———————— =

12 13 14 15 16 7 m . )
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %

1 12.078 MM 0.5319 902.83875  28.29081 7.0166
2 15.436 MM 0.5321 1.19643e4  374.72519 92.9834
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Chiral HPLC chromatogram of racemic 7at

Me
mAU 2 = -
BN > 2 G4
/2 :ﬁ$ AN SN~

£ / e / B

/& &
0 / \
: 0" o
20 = CN

o B . . —— — — ——
13 135 14 145 15 155 16 165 mi
rac-Tat

Peak RetTime Type Width

Area Height Area
# [min] [min] mAU *3 [mAU ]

1 13.863 MM 0.4959 3187.93848 107.13504 49.4536
2 15.861 MM 0.5755 3258. 38452  94.35612 50. 5464

Chiral HPLC chromatogram of 7at

. . Me
A -
200 /F \3\@ N
160 . *
100 . ,3@%\ (6] o]
* & / N = CN
0 R — —— ———
125 13 1:;5 IIA 145 1‘5 15‘5 mi 7at
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il e el | —————————= |—————————- | === ]
1 12.735 MM 0.3902 363.81088 15. 54080 4. 5427
2 14.468 MM 0. 4890 7644. 94287 260. 55466 95.4573
Chiral HPLC chromatogram of racemic 8aa
Ms: E% \\@Q E (\”3’@ >O‘\ALO
a0 & / \3
JE A
- O\ /N Z oN
20 ..‘ /
10 / AN / A rac-8aa
. - — I
) 1‘2 o ' 1275 T 1'! S 135 T II4 T I-;,E ' ' er
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 12.426 MM 0. 3497 1183.19360  56. 39409 51.0068
2 14.155 MM 0.3817 1136.48376  49.62833 48.9932

Chiral HPLC chromatogram of 8aa

mAU AR

300 SEN

250 / o (0]
/@

o
200
CN

150 / & Z
100 / H] ,{:&-"P
50 / AN o 8aa
s = :

n 1.7 12 12.2 12, 12.7 1 13.2 1 . .

s B d s s ¢ 2 8 " Peak RetTime Type Width Area Height Area

# [min] [min] mAU *5 [mAU ] %

1 11.740 MM 0.3439 6756. 75977 327.43231 93.8011
2 13.194 WM 0.3141 446.52109  23.69547  6.1989

5118



Chiral HPLC chromatogram of racemic 8ab

mAU

3 I o o
04 i -
F ol ER
= ‘ P on
E !
60 rac-8ab
e
20'5 Peak RetTime Type Width Area Height Area
L — — X S e —— T # [min] [min] mAU  *s [mAU ] 3
1" 15 12 125 13 135 14 145 15 155 mi e | === == | ————————— | ===—————— |==—===——+
1 12.534 BB 0.3447 3459.84814 153.67183 48.9445
2 14.583 MM 0.4135 3609.06934 145.47578 51.05855
Chiral HPLC chromatogram of 8ab
A
mAU B (0] [e]
0 A = CN
El(l— =
3 8ab
40 3
20_; ; "\__ Peak RetTime Type Width Area Height Area
L e e — : = - : #  [min] [min] mAU *s  [mAU ) 3
12 125 13 135 " 145 15 185 1 185 ni ———— === | m—————— [ S ——— [E———
1 12.936 BB 0.2725 67. 93878 3.37998  2.2541
2 14.931 BB 0. 3566 2946. 12598 126.99804 97.7459
Chiral HPLC chromatogram of racemic 8ac
éZZ/A\V/Ail§
mAU E 2 (6] o
20 ¥ A
0] Z CN
mn_i
i rac-8ac
50 ) .\
51174.% _15, T |-g — 2‘0 2“ ' ﬁ —— 2'3 R 24_ T '":" Peak RetTime Type Width Area HC"iqht Area
# [min] [min] mAU *3 [mAU ] %
———— |- | ——== | —————-- | ———————- | -—————m——- I1-———-——1 |
1 18.547 BB 0.4609 7687.93359 257.09119 49.1075
2 22.958 BB 0.5632 7967.37744 216.57588 50.8925
Chiral HPLC chromatogram of 8ac
éga/’\\//i:L}
AU { S o” "0
120 A
100
80 // CN
40 g 8ac
20 < .
e = - = X e
v € e “@ a = = " Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
———— |- | ——== | —————-- | ———————- | -—————m——- I1-———-——1 |
1 17.816 BB 0.3316 146. 14143 5.61608 2. 8823
2 22.107 BB 0.5264 4924.20850 144.93526 97. 1177
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Chiral HPLC chromatogram of racemic 8ad
Ph/\l§
: N @ (2]
. Sy A
125
100 rac-8ad
754
50 .
24 B . S~ Peak RetTime Type Width Area Height Area
L S— . [ TR - i e S e # [min] [min] mAU *3 [mAU )| %
675 7 125 75 775 8 825 85 875 il ———— | ———— e e | ————————— | ===—————— |==—===——+
1 7.327 MM 0. 3585 4636.60938 215.55452 50. 0008
2 8.215 MM 0.3719 4636.46045 207.77258 49.9992
Chiral HPLC chromatogram of 8ad
Ph/l
o - oo
6003 SN
500 // CN
400
04 8ad
200 =
1004 . g . .
E R - S Peak RetTime Type Width Area Height Area
S — —— e — — # [min] [min] mAU *s [mAU | £
75 175 8 825 85 8.75 9 9.25 95 975 mi ————|m—————— e |————————— | —————————— | ——————— |
1 7.927 VW R 0.2673 1.20724e4  692.95215 94.9988
2 8.644 VB E 0.3304 635.54791 27.82935 5.0012
Chiral HPLC chromatogram of racemic 8ae
o EAVy HV of zo
500 iy ey
a0 & & P cN
- ~
?zﬁi / NG s - rac-8ae
T R o
a4 86 88 ¢ 82 o4 96 98 " Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R l====]-===-—- e et e | —————r |
1 8.631 WM 0.2347 8870. 16113 629.81329 48. 4908
2 9.370 MM 0.2534 9422. 28613 619.62085 51.5092
Chiral HPLC chromatogram of 8ae
& A i
800 ‘ﬁ\w‘\}). o~ o
600 o ,
400 .{6\6\ /" '\ // CN
200 § h
. C — — 8ae
B‘ﬂ ' Brﬁ 88 9 9!2 94 E‘ﬁ m
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R l====]-===-—- e et e | —————r |
1 8.427 MM 0.1584 157.07950  16.53003  0.8951
2 9.096 MM 0.2660 1.73910e4 1089.86670 99.1049
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Chiral HPLC chromatogram of racemic 8af

AU ES ]
1750 AN 7an
0 [\ A 0" Yo
1250 [ )
1000 4 CN
750
500 / N\ \ rac-8af
250 e . -
ot — -
165 17 18 185 19 195 2 205 mit Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
LR R | === R ]
1 17.388 BV 0.4099 5.19097e4 1941.71399 49.2249
2 19.283 VB 0. 4428 5. 35444e4 1854. 62769 50. 7751
Chiral HPLC chromatogram of 8af
mAU A i
1000 =
800 / Z\s‘;‘: e °
600 “ y // CN
400 &
200 & . 8af
e S —
185 17 15 18 185 19 185 2 A3 ™ Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el e | === ===~ e R ] Bt
1 17.665 MM 0.3910 1230. 17249 52. 44139 3.9172
2 19.570 MM 0.4586 3.01740e4 1096.54919 96. 0828
Chiral HPLC chromatogram of racemic 8ag
- PR i
A g
80 / 2 ;{*\“"& o o
80 “)"‘. = CN
0 Z
20 / ‘ ) rac-8ag
i m—— —— .r T T = 'j\_ - - '_”'./‘ """" \ — T g
1 15 12 125 13 135 i 15 15 " Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R l====]-===-—- R [==mmmmmmme | —————r |
1 12.322 MM 0. 3717 2128. 29297 95. 43626 48. 2927
2 14.239 WM 0. 3919 2278. 77881 96. 92269 51.7073
Chiral HPLC chromatogram of 8ag
mAU { ‘3\ °
‘HJI]D‘: ; \ FP’:\
800 / o o” "0
1 L
D Rt
1 o &
- ii\‘\t‘“ y 8ag
L — — —
28 " 198 " " * 15 m Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R l====]-===-—- R [==mmmmmmme | —————r |
1 12.399 MM 0.2713 540.56030  33.20974 1. 8866
2 14.280 MM 0.4323 2.81115e4 1083.74011 98.1134
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Chiral HPLC chromatogram of racemic 8ah

mAU 5. 9 & GN (@) @]
300 "% \ (\& § . h?@
250 ™S A oN
200 [ AN &
150 / \ /
100 N\ AN rac-8ah
50 / Ny i e .
18 19 20 21 22 ml Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 18.847 MM 0.6019 1.17599e4  325.62805 48.1113
2 20.559 MM 0.7280 1.26832e4  290. 38092 51. 8887

Chiral HPLC chromatogram of 8ah

- o [¢)
200 E
1 & N\ = CN
gg* ::. /
125 f \
100 8ah
o 8
25 7_7°-" _7 e Peak RetTime Type Width Area Height Area
L — E—— . — v # [min] [min] mAU *s [mAU ] %
18 19 20 21 2 2 mi ————|m—————— e e I e
1 19.236 BB 0.6274 475.99701 11.78153  5.1378
2 20.781 BB 0.6104 8788.65918 224.66734 94. 8622
Chiral HPLC chromatogram of racemic 8ai
COOMe
250 &\ N
/ FARY o~ ~o
200 /
150 ] \ Z CN
100 / i\ \ .
w0 N\ \ rac-8ai
A \‘\,_, A -
" \ e L
] i i B -] 0 Ll z 3 o =| Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
il Bttt |====]======= i | === | === I
1 26.992 BB 0.7555 1.48022e4  301.13348 49.5401
2 32.244 BB 0.9083 1.50770e4  256.29480 50. 4599
Chiral HPLC chromatogram of 8ai
COOMe
mAU 8 o
700 ‘E'-_‘ 4\9' [Oe]
G g o
400
300 8ai
200 2
100 E o y Peak RetTime Type Width Area Height Area
L e —— —_— — . — # [min] [min] mAU *3 [mAU ] %
2 2 3 30 2 34 mi S S [ [ [ I
1 25.089 VB 0.6244 761.21735 17.46788 1.9759
2 32.205 MM 0.8092 3.77641ed4  T777.83673 98. 0241
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Chiral HPLC chromatogram of racemic 8aj
COOMe
mAU A
zsui E\\ E N
0] / \\ N [Oe]
150+ ™ \\\ Z CN
50 ﬁ T . rac-8aj
L —— e _——————
L 8 4 42 4 4 48 m| peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 38.094 BV 1.8621 3.65659e4  271.70401 46.9454
2 42.133 VB 1.9985 4. 13245e4  280.54694 53. 0546
Chiral HPLC chromatogram of 8aj
COOMe
mAU - B
200 -
150 ™~ [0} [¢]
100 . & h 4 CN
50 ';l‘@\ i
0 - - — 8aj
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
el R | === ===~ |- R ] Bt
1 38.774 MM 1.3073 266.61023 3.39895 0.8164
2 41.706 BB 1. 8562 3.23909e4  243.76732 99. 1836
Chiral HPLC chromatogram of racemic 8ak
mAU 3 & o AcO
100 EA 2
80 _." - \‘ P o) (o)
60 #\
4 ' = CN
20
0 \ AN -8ak
» i N ) B y \‘\. B rac-oa
" 3 & a s z ™ | peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R | === R ]
1 18.054 MM 0.5485 4824. 55420 146.59010 50.6431
2 20.902 BB 0.5872 4702.01660 122. 12465 49. 3569
Chiral HPLC chromatogram of 8ak
A N AcO
- [EANE o So
207 S\
iz @'70% é N
w3 3¢
%4 4 8ak
— —_— —
168 " e ® 185 ' 198 o s " Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e R l====]-===-—- e et e R |
1 17.649 MM 0.5355 1.25154e4  389.52802 95.7483
2 20.394 WM 0.5067 5h5.74762  18.27933 4. 2517
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Chiral HPLC chromatogram of racemic 8al

mAl
400
30
300
250
200
150
100

33850

cl o]
(o}
[ONe)
AN = CN
. — ‘ rac-8al
k] 4 2 om
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 33.860 BV 1.4253 4.10386e4  439.52249 50. 6983
2 38.058 VBA  1.6213 3.9908le4  376.28818 49.3017

Chiral HPLC chromatogram of 8al

3348
)

\
Cl (0]
o
O o
: P on
5
S ——— ; 8al
38 40 mil
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 33.418 BB 1.4282 2.87295e4  307.43829 97.7558
2 37.611 BB 1.1079 659. 53448 7.21876  2.2442

Chiral HPLC chromatogram of racemic 8am

2 i (@]

/2

2
[ 0o

= CN
rac-8am
7/' ‘\\_L Peak RetTime Type Width Area Height Area
T — T # [min] [min] mAU *s [mAU ] %
18 19 mi ———— | ———— e e | —————————— | m——— [T

1 15.565 MM 0.4191 1.66232e4  661.09570 49.1716
2 18.009 BB 0.4291 2.49698¢4  896. 16803 50.8284

Chiral HPLC chromatogram of 8am

e 501

%t

\ o o
\ = CN

) AN 8am

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
il Bttt |====]======= | === | = | ]

1 15.973 MM 0.3731 1152.70422  51.49614  4.9364
2 18.501 BB 0.4320 2.21983e4  789.67834 95.0636
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