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General information

'H-NMR, BC-NMR and "F-NMR spectra were recorded on Bruker Avance 400 MHz
spectrophotometer. Chemical shift (J) are expressed in ppm, and J values are given in Hz. The
enantiomeric excess was determined by HPLC using Chiralpak AD-H, Chiralpak IC-3 columns
with n-Hexane and 2-propanol as eluents. High-resolution mass spectrometry (HRMS) was
recorded on a VG Auto Spec-3000 spectrometer. Optical rotations were measured on a JASCO
DIP-370p olarimeter at 589 nm at 20°C. Flash column chromatography was performed on silica
gel (200-300 mesh, Qingdao Marine Chemical Inc.). Toluene, diethyl ether, and THF was distilled
from sodium benzophenone ketyl immediately prior to use. MeCN, CHCl;, and CH,ClI, were all
distilled from CaH, immediately prior to use. Unless otherwide noted, all chemicals and solvents
were purchased from Adama-beta®, Energy Chemical ef al. and used as received without further
purification. Chiral phosphoric acids were purchased from Daicel Chiral Technologies Co., LTD.
C-alkynyl-N-Boc-N,O-acetals 1, f-Keto acids 2 were prepared according to the reported
procedures.

General procedure for synthesis of C-alkynyl-N-Boc-N,O-acetals 1!

(0] NHBoc
\ NH,Boc ,Ti(OEt),

Z CH,Cl,, 40°C

// OEt

(R)Ar (R)Ar

1

To a solution of ynal (10 mmol) in dichloromethane (80 ml) under an argon atmosphere was
added Ti(OEt)4 (4.26 g, 15 mmol) and BocNH, (1.76 g, 15 mmol) at room temperature. The
reaction mixture was stirred under an argon atmosphere at 40°C for 12 h. The reaction was
quenched by the addition of saturated Na,SO, solution (20 mL). The resulting white precipitate
was isolated, and the aqueous fraction was further extracted with CH,Cl, (20 mL x 3). The
combined organic fraction was dried over Na,SO, and the solvent was evaporated to give a residue.
The residue was purified by flash column chromatography using AcOEt/hexane as an eluent to
afford C-alkynyl-N-Boc-N,O-acetal 1.

General procedure for synthesis of f-Keto acids 2>

o i o o o o
~ - 1) 1N NaOH, 12h
N _ 00 oMe 1) 1N NaOH, 12h | X OH
T NaH, 14-dioxane R _ 2)6NHcL0°c  Ru

2
To a solution of the corresponding acetophenone (30 mmol) in 1,4-dioxane (30 ml) was
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added sodium hydride (30 mmol, 720 mg) under nitrogen at room temperature and the resulting
mixture was then stirred for 30 min. After the addition of dimethyl carbonate (36 mmol, 2.70 g)
the mixture was heated at reflux until the acetophenone was totally consumed. The reaction was
quenched with saturated sodium ammonium chloride and then extracted with diethyl ether. The
combined organic layers were washed with brine, dried over anhydrous magnesium sulfate, and
concentrated. To the crude methyl f-ketoacid ester was added 1N sodium hydroxide (50 mL) and
the resulting mixture was stirred vigorously for 12 h. The reaction mixture was acidified by the
addition of 6N HCl at 0 °C. After the precipitation of a white solid, dichloromethane was added to
the resulting suspension. The layers were separated and the aqueous layer was extracted with
dichloromethane. The combined organic layers were dried over anhydrous sodium sulfate and the
solvent was removed under reduced pressure. The corresponding S-ketoacid 2 was recrystallized
from hexanes/dichloromethane.

General procedure for the catalytic asymmetric decarboxlative Mannich reaction of C-

alkynyl-N-Boc-NV,O-acetals 1 with f-Keto acids 2

.Boc Boc.
HN o O (R)-3h (10 mol%) NH O
/\OEt R? OH MCPE,5AMS. /'\)LRz
R -10 °C, 24-48h _
1 2 485

To a solution of 1 (0.1 mmol) and 2 (0.12 mmol) in MCPE (1.0 mL) was added the catalyst
3h (7.8 mg, 10 mol %) and 5A MS (100 mg) at room temperature. After C-alkynyl-N-Boc-N,O-
acetal 1 was consumed, the mixture was directly purified by silica gel chromatography (ethyl
acetate/petroleum ether = 1/50 to 1/10) to afford the product 4 or 5 (the racemic product 4 or 5
was obtained by using 1,1'-binaphthyl-2,2'-diyl hydrogenphosphate as the catalyst).
Characterization data of the products 4,5 and 7

Bocswn o

0
O 4a
(S)-tert-butyl 5-oxo-1,5-diphenylpent-1-yn-3-ylcarbamate 4a
White solid, 94% yield, 33.0 mg. [a]p2°=-31.20 (¢ 1.00 CHCI,).

TH-NMR (400 MHz, CDCl;): 8 (ppm): 7.99-7.97 (m, 2H ), 7.60-7.56 (m, 1H), 7.50 (t, 2H, J= 7.6
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Hz, J=17.6 Hz), 7.44-7.32 (m, 2H), 7.27-7.23 (m, 3H), 5.55 (br, 1H), 5.19-5.15(m, 1H), 3.61 (dd,
1H, J=4.0 Hz, J=4.0 Hz), 3.36 (dd, 1H, J= 6.0 Hz, /= 6.0 Hz), 1.46 (s, 9H).

I3C-NMR (100 MHz, CDCl;): é (ppm): 197.09, 154.76, 136.79, 133.44, 131.76, 128.71, 128.28,
128.19, 128.15, 122.59, 87.79, 83.08, 80.06, 43.88, 40.08, 28.37.

HRMS caled. for C22H23NO3Na [M+Na]*: 372.1576, found: 372.1573.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 12.9 min (minor), tg = 15.8 min (major).

BoC~\H o

T
O 4b

(S)-tert-butyl 5-oxo-5-phenyl-1-p-tolylpent-1-yn-3-ylcarbamate 4b

White solid, 88% yield, 32.0 mg. [a]p2°=-30.30 (¢ 1.50 CHCI;).

TH-NMR (400 MHz, CDCl3): d (ppm): 7.98 (d, 2H, J = 7.6 Hz), 7.58 (t, 1H, J=7.2 Hz, J= 7.2

Hz), 7.47 (t, 2H, J= 7.6 Hz, J = 7.6 Hz), 7.22 (d, 2H, J = 8.0 Hz), 7.05 (d, 2H, J = 8.0 Hz), 5.52

(br, 1H), 5.18-5.13 (m, 1H), 3.60 (dd, 1H, J = 3.6 Hz, J = 3.6 Hz), 3.35 (dd, 1H, J=6.0 Hz, J =

6.0 Hz), 2.30 (s, 3H), 1.45 (s, 9H).

I3C-NMR (100 MHz, CDCls): § (ppm): 197.12, 154.76, 138.36, 136.85, 133.38, 131.64, 128.90,

128.69, 128.20, 119.50, 87.04, 83.24, 80.01, 43.97, 40.18, 28.37, 21.41.

HRMS calcd. for C23H25N0O3Na [M+Na]*: 386.1732, found: 386.1730.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 10.1 min (minor), tg = 17.8 min (major).

BoC~\H o

O¢ @
~o

4c
(S)-tert-butyl 1-(4-methoxyphenyl)-5-oxo-5-phenylpent-1-yn-3-ylcarbamate 4c¢
White solid, 85% yield, 32.0 mg. [a]p?®=-40.30 (¢ 1.33 CHCl;).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.98 (d, 2H, J = 7.6 Hz), 7.58 (t, 1H, J=7.6 Hz, J= 7.2
Hz), 7.47 (t, 2H, J = 8.0 Hz, J = 7.2 Hz), 7.26 (d, 2H, J = 8.8 Hz), 6.77 (d, 2H, J = 8.8 Hz), 5.54
(br, 1H), 5.15 (t, 1H, J=4.0 Hz, J= 4.0 Hz), 3.77 (s, 3H), 3.60 (d, 1H, J = 13.6 Hz), 3.35 (dd, 1H,

J=6.0 Hz, J= 6.0 Hz), 1.45 (s, 9H).
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I3C-NMR (100 MHz, CDCl;): é (ppm): 197.23, 159.57, 154.78, 136.79, 133.42, 133.20, 128.70,
128.20, 114.65, 113.77, 86.32, 82.99, 80.01, 55.25, 43.97, 40.06, 28.37.

HRMS caled. for C23H25N0O4Na [M+Na]*: 402.1681, found: 402.1680.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 13.0 min (minor), tg = 21.6 min (major).

BoC~\H o

Z 0
O 4d

(S)-tert-butyl 5-oxo-5-phenyl-1-m-tolylpent-1-yn-3-ylcarbamate 4d
White solid, 83% yield, 30.0 mg. [a]p?’=-304 (c 0.30 CHCI;).
TH-NMR (400 MHz, CDCls): d (ppm): 7.98 (d, 2H, J = 8.0 Hz), 7.58 (t, 1H, J=7.2 Hz, J= 7.6
Hz), 7.48 (t,2H, J=7.6 Hz, J=7.6 Hz), 7.15-7.11 (m, 3H), 7.08 (d, 1H, ] =4.4 Hz), 5.53 (br, 1H),
5.18-5.14 (m, 1H), 3.60 (dd, 1H, J = 3.2 Hz, J = 3.2 Hz), 3.35 (dd, 1H, J = 6.0 Hz, J = 6.0 Hz),
2.27 (s, 3H), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCls): § (ppm): 197.08, 154.75, 137.81, 136.83, 133.40, 132.37, 129.16,
128.79, 128.70, 128.20, 128.04, 122.37, 87.40, 83.27, 80.02, 43.91, 40.08, 28.37, 21.13.
HRMS calcd. for C23H25N0O3Na [M+Na]*: 386.1732, found: 386.1728.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 8.6 min (minor), tg = 10.0 min (major).

Boc..
°°NH o

=0
.
(S)-tert-butyl 5-oxo-5-phenyl-1-o-tolylpent-1-yn-3-ylcarbamate 4e
White solid, 92% yield, 33.0 mg. [a]p?’=-276 (c 0.30 CHCI;).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.97 (d, 2H, J = 7.6 Hz), 7.58 (t, 1H, J=7.2 Hz, J= 7.2
Hz), 7.48 (t,2H, J="7.6 Hz, J=7.6 Hz), 7.29 (d, 1H, ] = 7.6 Hz), 7.19-7.12 (m, 2H), 7.07 (t, 1H, J
=17.2 Hz, J=17.2 Hz), 5.61 (br, 1H), 5.22-5.17 (m, 1H), 3.64 (d, 1H, J = 17.6 Hz), 3.37 (dd, 1H, J
=6.0 Hz, J= 6.0 Hz), 2.32 (s, 3H), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl3): 6 (ppm): 197.20, 154.82, 140.44, 136.80, 133.46, 131.94, 129.32,

128.73, 128.30, 128.16, 125.38, 122.33, 91.72, 82.00, 80.44, 43.92, 40.28, 28.38, 20.57.
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HRMS calcd. for C23H25NO3Na [M+Na]*: 386.1732, found: 386.1732.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 8.6 min (minor), tg = 11.3 min (major).

BoC~\H o

=0

O 4f
(S)-tert-butyl 1-(4-ethylphenyl)-5-oxo-5-phenylpent-1-yn-3-ylcarbamate 4f
White solid, 96% yield, 36.0 mg. [a]p?’= -22.0 (¢ 0.50 CHCl;).
TH-NMR (400 MHz, CDCls): d (ppm): 7.97 (d, 2H, J = 7.6 Hz), 7.56 (t, 1H, J=7.2 Hz, J= 7.6
Hz), 7.47 (t, 2H, J= 7.6 Hz, J = 7.6 Hz), 7.24 (d, 2H, J = 8.0 Hz), 7.07 (d, 2H, J = 7.6 Hz), 5.55
(br, 1H), 5.17-5.16 (m, 1H), 3.60 (d, 1H, J=15.6 Hz), 3.34 (dd, 1H, J= 6.0 Hz, J = 6.0 Hz), 2.59
(9, 2H, J=7.6 Hz, J= 7.6 Hz), 1.45 (s, 9H), 1.19 (t, 3H, J= 7.6 Hz, J= 7.6 Hz).
I3C-NMR (100 MHz, CDCl): § (ppm): 197.14, 154.79, 144.69, 136.83, 133.40, 131.73, 128.69,
128.20, 127.72, 119.73, 87.05, 83.27, 80.01, 43.97, 40.17, 28.76, 28.38, 15.31.
HRMS calcd. for C24H27NO3Na [M+Na]*: 400.1889, found: 400.1883.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.8 min (minor), tg = 13.2 min (major).

Bocswn o

s>
Ph

4g
(S)-tert-butyl 1-(biphenyl-4-yl)-5-oxo0-5-phenylpent-1-yn-3-ylcarbamate 4g
White solid, 87% yield, 37.0 mg. [a]p?®=-33.8 (¢ 0.44 CHCl;).
TH-NMR (400 MHz, CDCl3): d (ppm): 7.98 (d, 2H, J = 7.6 Hz), 7.60-7.54 (m, 3H), 7.50-7.43 (m,
4H), 7.41-7.39 (m, 4H), 7.33 (t, 1H, J= 7.2 Hz, J= 7.2 Hz), 5.58 (br, 1H), 5.22-5.19 (m, 1H), 3.62
(dd, 1H,J=3.2 Hz, J=3.2 Hz), 3.37 (dd, 1H, J= 6.0 Hz, J= 6.0 Hz), 1.47 (s, 9H).
I3C-NMR (100 MHz, CDCls): § (ppm): 197.10, 154.79, 141.03, 140.32, 136.82, 133.45, 132.18,
128.83, 128.72, 128.22, 127.62, 127.00, 126.84, 121.51, 88.50, 82.99, 80.09, 43.92, 40.17, 28.40.
HRMS calcd. for C28H27NO3Na [M+Na]*: 448.1889, found: 448.1884.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 11.0 min (minor), tg = 16.7 min (major).
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Z 0
F\C O 4h
(S)-tert-butyl 5-oxo-5-phenyl-1-(4-(trifluoromethyl)phenyl)pent-1-yn-3-ylcarbamate 4h
White solid, 82% yield, 34.5 mg. [a]p?’=-20.3 (¢ 0.33 CHCl;).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.98 (d, 2H, J = 7.2 Hz), 7.60 (t, 1H, J=7.2 Hz, J= 7.2
Hz), 7.52-7.47 (m, 4H), 7.43 (d, 2H, J = 8.0 Hz), 5.61 (br, 1H), 5.21-5.17 (m, 1H), 3.64 (dd, 1H, J
=3.6 Hz, J=3.6 Hz), 3.39 (dd, 1H, J= 6.0 Hz, J = 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 196.97, 154.76, 136.60, 133.60, 132.00, 130.02 (d, J = 32
Hz), 128.76, 128.17, 126.44, 125.09 (d, J = 4 Hz), 122.52, 90.43, 81.68, 80.24, 43.57, 39.87,
28.35.
19F NMR (376 MHz, CDCl;): d (ppm): -62.85.
HRMS calcd. for C23H22F3NO3Na [M+Na]*: 440.1449, found: 440.1447.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.8 min (minor), tg = 14.9 min (major).

Boc..
°“NH 0

su=

4i
(S)-tert-butyl 5-oxo-5-phenyl-1-(2-(trifluoromethyl)phenyl)pent-1-yn-3-ylcarbamate 4i
White solid, 81% yield, 34.0 mg. [a]p?’=-23.7 (¢ 0.25 CHCl;).
TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.97 (d, 2H, J = 7.2 Hz), 7.60-7.57 (m, 2H), 7.52-7.42 (m,
4H), 7.36 (t, 1H, J = 7.6 Hz, J = 7.6 Hz), 5.62 (br, 1H), 5.20 (t, 1H, J = 4.0 Hz, J = 4.0 Hz), 3.63
(dd, 1H, J=4.0 Hz, J= 4.0 Hz), 3.39 (dd, 1H, J= 6.0 Hz, J = 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl5): § (ppm): 196.90, 154.81, 136.64, 133.97, 133.47, 131.84, 131.29,
128.70, 128.05 (d, J = 7 Hz), 125.7 (d, J = 5 Hz), 124.76, 122.04, 120.89, 93.71, 80.11, 78.96,
43.49, 39.91, 28.33.
19F NMR (376 MHz, CDCl;): d (ppm): -62.34.
HRMS calcd. for C23H22F3NO3Na [M+Na]*: 440.1449, found: 440.1449.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 8.6 min (minor), tg = 9.5 min (major).

S7



~C
FACO O 4
(S)-tert-butyl 5-oxo-5-phenyl-1-(4-(trifluoromethoxy)phenyl)pent-1-yn-3-ylcarbamate 4j
White solid, 80% yield, 35.0 mg. [a]p?’=-18.4 (c 0.32 CHCl;).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.98 (d, 2H, J = 7.6 Hz), 7.59 (t, 1H, J=7.6 Hz, J= 7.2
Hz), 7.48 (t, 2H, J = 7.6 Hz, J = 7.6 Hz), 7.35 (d, 2H, J = 8.4 Hz), 7.09 (d, 2H, J = 8.2 Hz), 5.58
(br, 1H), 5.17 (t, 1H, J=3.6 Hz, J= 4.0 Hz), 3.62 (dd, 1H, J=3.2 Hz, J=3.2 Hz), 3.37 (dd, 1H, J
=6.0 Hz, J= 5.6 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 196.96, 154.76, 136.64, 133.58, 131.99, 128.75, 128.16,
126.46, 125.22,125.08 (d, J =4 Hz), 122.52, 90.46, 81.69, 80.23, 43.59, 39.91, 28.35.
19F NMR (376 MHz, CDCl;): d (ppm): -62.87.
HRMS calcd. for C23H23F3NO4Na [M+Na]*: 456.1399, found: 456.1393.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 8.5 min (minor), tg = 11.8 min (major).

Boc.
°°>NH 0

o8 >
O,N

4k
(S)-tert-butyl 1-(4-nitrophenyl)-5-oxo-5-phenylpent-1-yn-3-ylcarbamate 4k
White solid, 78% yield, 31.0 mg. [a]p2®=-57.6 (¢ 1.10 CHC]l,).
TH-NMR (400 MHz, CDCl;): 6 (ppm): 8.12 (d, 2H, J = 8.8 Hz), 7.98 (d, 2H, J = 8.0Hz), 7.61 (t,
I1H,J=7.6 Hz, J="7.2 Hz), 7.49 (t, 4H, J= 8.4 Hz, J = 9.6 Hz), 5.64 (br, 1H), 5.21 (t, 1H, J=4.0
Hz,J=4.0 Hz), 3.65 (dd, 1H, J=3.6 Hz, J=3.2 Hz), 3.41 (dd, 1H, J= 5.6 Hz, J = 5.6 Hz), 1.47
(s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 196.85, 154.73, 147.12, 136.51, 133.69, 132.51, 129.57,
128.80, 128.15, 123.41, 93.48, 81.19, 80.35, 43.42, 39.88, 28.35.
HRMS calcd. for C22H22N205Na [M+Na]*: 417.1426, found: 417.1422.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 15.1 min (minor), tg = 17.5 min (major).
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cl O a
(S)-tert-butyl 1-(4-chlorophenyl)-5-0x0-5-phenylpent-1-yn-3-ylcarbamate 41
White solid, 81% yield, 33.0 mg. [a]p?’=-38.0 (c 0.30 CHCl;).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.97 (d, 2H, J = 8.0 Hz), 7.56 (t, 1H, J=7.6 Hz, J= 7.2
Hz), 7.48 (t,2H, J=7.6 Hz, J= 7.6 Hz), 7.26-7.19 (m, 4H), 5.56 (br, 1H), 5.18-5.13 (m, 1H), 3.61
(dd, 1H,J=3.6 Hz, J=3.2 Hz), 3.36 (dd, 1H, J= 6.0 Hz, J= 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCls): § (ppm): 197.02, 154.75, 136.71, 134.32, 133.51, 132.98, 128.73,
128.49, 128.17, 121.10, 88.85, 81.96, 80.15, 43.72, 40.02, 28.36.
HRMS calcd. for C22H22CINO3Na [M+Na]*: 406.1186, found: 406.1187.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.9 min (minor), tg = 16.1 min (major).

Boc..
°“NH 0

Cl
s~

4m
(S)-tert-butyl 1-(2-chlorophenyl)-5-0x0-5-phenylpent-1-yn-3-ylcarbamate 4m
White solid, 67% yield, 27.0 mg. [a]p?’=-38.8 (¢ 0.17 CHCl,).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.97 (d, 2H, J = 7.6 Hz), 7.56 (t, 1H, J=7.6 Hz, J= 7.2
Hz), 7.48 (t, 2H, J=7.2 Hz, J= 7.6 Hz), 7.38 (d, 1H, J= 7.6 Hz), 7.32 (d, 1H, J = 8.0 Hz), 7.22-
7.13 (m, 2H), 5.62 (br, 1H), 5.24-5.20 (m, 1H), 3.65 (d, 1H, J=3.6 Hz, J = 3.6 Hz), 3.40 (dd, 1H,
J=6.0 Hz, J= 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 197.02, 154.80, 136.76, 136.04, 133.45, 133.42, 129.31,
129.11, 128.70, 128.17, 126.29, 122.53, 93.23, 80.13, 79.86, 43.75, 40.17, 28.37.
HRMS caled. for C22H22CINO3Na [M+Na]*: 406.1186, found: 406.1186.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.2 min (minor), tg = 12.2 min (major).

BoC~\H o

é‘
F

4n

(S)-tert-butyl 1-(4-fluorophenyl)-5-oxo-5-phenylpent-1-yn-3-ylcarbamate 4n
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White solid, 84% yield, 33.0 mg. [a]p?’= -46.2 (¢ 0.80 CHCl;).

TH-NMR (400 MHz, CDCls): d (ppm): 7.90 (d, 2H, J = 7.2 Hz), 7.52 (t, 1H, J= 7.6 Hz, J = 7.2
Hz), 7.43 (t, 2H, J = 7.6 Hz, J = 7.6 Hz), 7.25-7.22 (m, 2H), 6.87 (t, 2H, J = 8.8 Hz, J = 8.4 Hz),
5.51 (br, 1H), 5.10-5.06 (m, 1H), 3.54 (dd, 1H, J=3.2 Hz, J= 2.8 Hz), 3.29 (dd, 1H, J=6.0 Hz, J
= 6.0 Hz), 1.38 (s, 9H).

I3C-NMR (100 MHz, CDCls): § (ppm): 197.11, 163.71, 161.24, 154.77, 136.68, 133.62 (t, J = 8
Hz, J =10 Hz), 128.74, 128.18, 118.65 (d, J = 3 Hz), 115.43 (d, J = 22 Hz), 87.50, 81.98, 80.10,
43.75, 39.90, 28.37.

19F NMR (376 MHz, CDCl3): d (ppm): -110.96.

HRMS calcd. for C22H22FNO3Na [M+Na]*: 390.1481, found: 390.1476.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.3 min (minor), tg = 13.5 min (major).

Boc..
°NH o

P )

.
(S)-tert-butyl 1-(3-fluorophenyl)-5-oxo0-5-phenylpent-1-yn-3-ylcarbamate 40
White solid, 90% yield, 35.0 mg. [a]p?’=-31.6 (c 0.31 CHCl;).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.98 (d, 2H, J = 7.2 Hz), 7.59 (t, 1H, J=7.6 Hz, J= 7.2
Hz), 7.48 (t,2H, J="7.6 Hz, J= 7.6 Hz), 7.21 (q, 1H, J= 6.8 Hz), 7.11 (d, 1H, J=7.6 Hz), 6.99 (q,
2H, J=17.6 Hz), 5.57 (br, 1H), 5.19-5.14 (m, 1H), 3.61 (dd, 1H, J=4.0 Hz, J = 3.6 Hz), 3.37 (dd,
1H, J=6.0 Hz, J= 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCI;): d (ppm): 196.99, 163.46, 161.01, 154.75, 136.70, 133.52, 129.72 (d,
J=8Hz), 128.45 (d, /=56 Hz), 127.64 (d, /=3 Hz), 124.44 (d, J=9 Hz), 118.56 (d, J = 23 Hz),
115.64 (d, J=21 Hz), 88.86, 81.82, 80.16, 43.68, 39.96, 28.36.
'F NMR (376 MHz, CDCl;): J (ppm): -113.13.
HRMS caled. for C22H22FNO3Na [M+Na]*: 390.1481, found: 390.1480.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 10.1 min (minor), tg = 11.8 min (major).
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O 4p

(S)-tert-butyl 1-(naphthalen-1-yl)-5-oxo0-5-phenylpent-1-yn-3-ylcarbamate 4p

White solid, 80% yield, 32.0 mg. [a]p2®= -42.0 (¢ 1.00 CHCI5).

TH-NMR (400 MHz, CDCl3): 6 (ppm): 8.22 (d, 1H, J= 7.6 Hz), 8.01 (d, 2H, J= 7.6 Hz), 7.79 (q,
2H, J=28.0 Hz), 7.58 (q, 2H, J= 7.6 Hz), 7.51-7.46 (m, 4H), 7.36 (t, 1H, J= 7.6 Hz, /= 7.6 Hz),
5.71 (br, 1H), 5.33-5.29 (m, 1H), 3.72 (dd, 1H, J=2.8 Hz, J= 2.8 Hz), 3.46 (dd, 1H, J=5.6 Hz, J
= 6.0 Hz), 1.48 (s, 9H).

I3C-NMR (100 MHz, CDCl;): 6 (ppm): 197.31, 154.89, 136.80, 133.52, 133.44, 133.06, 130.51,
128.79, 128.22, 128.14, 126.76, 126.34, 126.23, 125.06, 120.24, 92.74, 81.22, 80.14, 43.89, 40.38,
28.41.

HRMS calcd. for C26H25N0O3Na [M+Na]*: 422.1732, found: 422.1730.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 11.9 min (minor), tg = 13.2 min (major).

Boc.
°°*NH O

Z
B

\_s 4q
(S)-tert-butyl 5-oxo-5-phenyl-1-(thiophen-2-yl)pent-1-yn-3-ylcarbamate 4q
White solid, 84% yield, 30.0 mg. [a]p?°=-34.0 (¢ 1.00 CHC]5).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.90 (d, 2H, J = 7.2 Hz), 7.52 (t, 1H, J=7.2 Hz, J= 7.6
Hz), 7.41 (t,2H, J="7.6 Hz, J="7.6 Hz), 7.12 (d, 1H, J= 5.2 Hz), 7.05 (d, 1H, J= 3.6 Hz), 6.84 (q,
1H, J = 3.6 Hz), 5.50 (br, 1H), 5.12 (t, 1H, J = 3.6 Hz, J = 4.4 Hz), 3.54 (dd, 1H, J=3.6 Hz, J =
4.0 Hz), 3.30 (dd, 1H, J= 6.0 Hz, J = 5.6 Hz), 1.38 (s, 9H).
I3C-NMR (100 MHz, CDCl3): 6 (ppm): 196.96, 154.73, 136.64, 133.52, 132.25, 128.73, 128.19,
127.09, 126.81, 122.51, 91.68, 80.13, 76.34, 43.68, 40.07, 28.37.
HRMS caled. for C20H21NO3SNa [M+Na]*: 378.1134, found: 378.1137.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 11.0 min (minor), tg = 13.2 min (major).
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Bocs\h o

=0
.
(S)-tert-butyl 1-oxo-1,7-diphenylhept-4-yn-3-ylcarbamate 4r
White solid, 80% yield, 30.2 mg. [a]p2°= -48.0 (¢ 1.00 CHCI5).
TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.95 (d, 2H, J = 7.6 Hz), 7.59 (t, 1H, J=7.6 Hz, J= 7.2
Hz), 7.48 (t, 2H, J= 8.0 Hz, J= 7.2 Hz), 7.21 (t, 2H, J = 6.8 Hz, J = 7.2 Hz), 7.19-7.13 (m, 3H),
5.39 (br, 1H),4.89 (d, 1H, J=2.4 Hz), 3.46 (d, 1H, J= 14.8 Hz), 3.21 (dd, 1H, J=6.4 Hz, J= 6.4
Hz),2.72 (t,2H, J="7.6 Hz, J= 7.2 Hz), 2.42-2.38 (m, 2H), 1.38 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 197.32, 154.76, 140.61, 136.78, 133.39, 128.67, 128.46,
128.28, 128.18, 126.20, 82.84, 79.87, 79.47, 43.97, 39.60, 34.89, 28.37, 20.89.
HRMS caled. for C24H27NO3Na [M+Na]*: 400.1883, found: 400.1879.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.4 min (minor), tg = 11.5 min (major).

Boc\\H o

Bno\/'\)b

4s
(S)-tert-butyl 6-(benzyloxy)-1-oxo-1-phenylhex-4-yn-3-ylcarbamate 4s
White solid, 79% yield, 31.0 mg. [a]p?*=-17.7 (¢ 0.30 CHCl;).
TH-NMR (400 MHz, CDCls): d (ppm): 7.95 (d, 2H, J = 7.6 Hz), 7.58 (t, 1H, J=7.2 Hz, J= 7.2
Hz), 7.48 (t, 2H, J= 7.6 Hz, J = 7.6 Hz), 7.33-7.29 (m, 5H), 5.52 (br, 1H), 5.01 (s, 1H), 4.52 (s,
2H), 4.12 (s, 2H), 3.54 (d, 1H, J=15.2 Hz), 3.30 (dd, 1H, J= 6.0 Hz, J= 6.0 Hz), 1.44 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 197.05, 154.75, 137.42, 136.63, 133.52, 128.73, 128.38,
128.17, 128.14, 127.81, 85.30, 80.07, 78.87, 71.41, 57.30, 43.66, 39.48, 28.36.
HRMS caled. for C24H27NO4Na [M+Na]*: 416.1832, found: 416.1833.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 9.3 min (minor), tg = 12.8 min (major).

Boc-nn o

=
"Bu

4t

(S)-tert-butyl 1-oxo-1-phenylnon-4-yn-3-ylcarbamate 4t
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White solid, 75% yield, 25.0 mg. [a]p?’=-8.7 (¢ 0.85 CHCl;).
TH-NMR (400 MHz, CDCls): d (ppm): 7.96 (d, 2H, J = 7.6 Hz), 7.58 (t, 1H, J=7.2 Hz, J= 7.2
Hz), 7.48 (t, 2H, J= 7.6 Hz, J = 7.6 Hz), 5.40 (br, 1H), 4.90 (t, 1H, J=1.6 Hz, J = 2.8 Hz), 3.50
(d, 1H, J=14.4 Hz), 3.23 (dd, 1H, J= 6.4 Hz, J = 6.4 Hz), 2.10 (ddd, 2H, J = 6.8Hz, J = 6.8 Hz),
1.44 (s, 9H), 1.41-1.35 (m, 2H), 1.33-1.26 (m, 2H), 0.84 (t, 3H, J=7.2 Hz, J=7.2 Hz,).
I3C-NMR (100 MHz, CDCl;): d (ppm): 197.43, 154.76, 136.88, 133.32, 128.64, 128.18, 83.77,
79.83,78.47, 44.08, 39.78, 30.56, 28.35, 21.82, 18.28, 13.56.
HRMS calcd. for C20H27NO3Na [M+Na]*: 352.1883, found: 352.1885.
HPLC analysis: Daicel CHIRALCEL IC-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min, A
= 254 nm, retention time: tg = 9.9 min (major), tg = 10.9 min (minor).

BoCNH 0

Z

4u

(S)-tert-butyl 1-cyclohexyl-5-0x0-5-phenylpent-1-yn-3-ylcarbamate 4u
White solid, 82% yield, 29.0 mg. [a]p?°= -22.6 (¢ 0.40 CHC]5).
TH-NMR (400 MHz, CDCls): 6 (ppm): 7.96 (d, 2H, J = 7.6 Hz), 7.58 (t, I1H, J=7.2 Hz, J= 7.2
Hz), 7.47 (t, 2H, J= 7.6 Hz, J = 7.2 Hz), 5.35 (br, 1H), 4.90 (d, 1H, J= 5.6 Hz), 3.50 (d, 1H, J =
14.8 Hz), 3.21 (dd, 1H, J = 6.0 Hz, J = 6.4 Hz), 2.29 (s, 1H), 1.68-1.60 (m, 5H), 1.48 (s, 9H),
1.41-1.20 (m, SH).
I3C-NMR (100 MHz, CDCl3): § (ppm): 197.44, 154.73, 137.02, 133.25, 128.62, 128.21, 87.98,
79.84, 78.45, 44.28, 39.99, 32.43, 29.70, 28.79, 28.36, 25.83, 24.66.
HRMS caled. for C22H29NO3Na [M+Na]*: 378.2040, found: 378.2040.
HPLC analysis: Daicel CHIRALCEL IC-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min, A

= 254 nm, retention time: tg = 8.6 min (major), tg = 9.1 min (minor).

Boc.

(8)-tert-butyl 5-oxo-5-phenyl-1-(trimethylsilyl)pent-1-yn-3-ylcarbamate 4v
White solid, 78% yield, 27.0 mg. [a]p?’=-50.2 (¢ 0.15 CHCl;).

TH-NMR (400 MHz, CDCLy): & (ppm): 7.87 (d, 2H, J = 7.6 Hz), 7.50 (t, 1H, J= 7.6 Hz, J= 7.2
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Hz), 7.39 (t, 2H, J = 7.2 Hz, J = 7.6 Hz), 5.31 (br, 1H), 4.86 (s, 1H), 3.42 (d, 1H, J = 14.4 Hz),
3.16 (dd, 1H, J= 6.0 Hz, J= 6.0 Hz), 1.53 (s, 9H), 0.00 (s, 9H).

I3C-NMR (100 MHz, CDCl;): 6 (ppm): 197.21, 154.86, 137.12, 133.57, 128.87, 128.41, 104.24,
88.02, 80.24, 43.98, 40.48, 28.55, 0.00.

HRMS caled. for C19H27NO3SiNa [M+Na]*: 368.1652, found: 368.1653.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 5.9 min (minor), tg = 6.6 min (major).

Bocs\n o

T
.

(8)-tert-butyl 1-cyclohexenyl-5-oxo-5-phenylpent-1-yn-3-ylcarbamate 4w

White solid, 93% yield, 33.0 mg. [a]p?’=-27.3 (¢ 0.30 CHCl;).

TH-NMR (400 MHz, CDCls): d (ppm): 7.96 (d, 2H, J = 8.0 Hz), 7.58 (t, 1H, J= 7.6 Hz, J = 7.2
Hz), 7.47 (t, 2H, J= 7.2 Hz, J = 7.6 Hz), 6.00 (s, 1H), 5.40 (br, 1H), 5.06-5.02 (m, 1H), 3.53 (d,
1H, J=15.2 Hz), 3.27 (dd, 1H, J = 6.0 Hz, J = 6.4 Hz), 2.02 (s, 4H), 1.53 (d, 4H, J = 6.4 Hz),
1.44 (s, 9H).

I3C-NMR (100 MHz, CDCls): § (ppm): 197.16, 154.70, 136.88, 135.22, 133.31, 128.64, 128.19,
120.03, 84.98, 84.89, 79.90, 44.11, 40.11, 29.01, 28.36, 25.54, 22.20, 21.42.

HRMS calcd. for C22H27NO3Na [M+Na]*: 376.1883, found: 376.1884.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 9.6 min (minor), tg = 11.9 min (major).

Boc.
°°“NH O CH,

Z 70
.
(S)-tert-butyl 5-oxo-1-phenyl-5-o-tolylpent-1-yn-3-ylcarbamate 5a
White solid, 91% yield, 33.0 mg. [a]p?’=-28.0 (c 0.70 CHCl;).
TH-NMR (400 MHz, CDCl3): d (ppm): 7.66 (d, 1H, J= 7.6 Hz), 7.40-7.34 (m, 3H), 7.29-7.24 (m,
5H), 5.53 (br, 1H), 5.11 (d, 1H, J = 6.8 Hz), 3.52 (dd, 1H, J=4.0 Hz, J=4.0 Hz), 3.28 (dd, 1H, J
=6.0 Hz, J= 6.4 Hz), 2.52 (s, 3H), 1.47 (s, 9H).

I3C-NMR (100 MHz, CDCl;): é (ppm): 201.21, 154.78, 138.40, 137.60, 132.06, 131.73, 131.62,
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128.60, 128.32, 128.19, 125.78, 122.58, 87.84, 83.12, 80.09, 46.67, 40.37, 28.38, 21.22.

HRMS calcd. for C23H25N0O3Na [M+Na]*: 386.1732, found: 386.1733.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.9 min (minor), tg = 13.9 min (major).

Boc.
°°NH O

CH,
o >

5b
(S)-tert-butyl 5-oxo-1-phenyl-5-m-tolylpent-1-yn-3-ylcarbamate 5b
White solid, 89% yield, 32.0 mg. [a]p?*=-19.5 (¢ 1.00 CHCl5).
TH-NMR (400 MHz, CDCl;): 6 (ppm): 7.78 (d, 2H, J = 9.2 Hz), 7.40-7.33 (m, 4H), 7.25 (d, 3H, J
= 6.0 Hz), 5.56 (br, 1H), 5.18-5.14 (m, 1H), 3.60 (dd, 1H, J=2.8 Hz, J=3.2 Hz), 3.35 (dd, 1H, J
=6.0 Hz, J= 6.0 Hz), 2.41 (s, 3H), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCls): § (ppm): 197.30, 154.77, 138.51, 136.85, 134.19, 131.76, 128.70,
128.57, 128.25, 128.14, 125.43, 122.63, 87.89, 83.02, 80.03, 43.89, 40.12, 28.38, 21.34.
HRMS calcd. for C23H25N0O3Na [M+Na]*: 386.1732, found: 386.1731.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 8.4 min (minor), tg = 9.6 min (major).

Boc.
°°NH O

s
C

5¢
(S)-tert-butyl 5-oxo-1-phenyl-5-p-tolylpent-1-yn-3-ylcarbamate Sc¢
White solid, 92% yield, 33.4 mg. [a]p?’=-23.5 (¢ 0.80 CHCl;).
TH-NMR (400 MHz, CDCl;): 6 (ppm): 7.88 (d, 2H, J = 8.0 Hz), 7.33 (d, 2H, J = 6.0 Hz), 7.28-
7.24 (m, 5H), 5.58 (br, 1H), 5.15 (d, 1H, J = 4.0 Hz), 3.59 (dd, 1H, J= 2.4 Hz, J = 2.4 Hz), 3.33
(dd, 1H, J=6.0 Hz, J= 5.6 Hz), 2.41 (s, 3H), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCls): § (ppm): 196.74, 154.79, 144.31, 134.35, 131.76, 129.38, 128.32,
128.24, 128.13, 122.64, 87.91, 82.98, 80.00, 43.71, 40.12, 28.37, 21.67.
HRMS calcd. for C23H25N0O3Na [M+Na]*: 386.1732, found: 386.1734.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 11.2 min (minor), tg = 13.2 min (major).
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A
®

5d
(S)-tert-butyl 5-(4-methoxyphenyl)-5-oxo-1-phenylpent-1-yn-3-ylcarbamate 5d
White solid, 89% yield, 34.0 mg. [a]p?®=-21.2 (¢ 1.00 CHCI5).
TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.96 (d, 2H, J = 8.4 Hz), 7.33 (d, 2H, J= 7.2 Hz), 7.24 (d,
3H, J=6.0 Hz), 6.94 (d, 2H, J = 8.4 Hz), 5.61 (br, 1H), 5.17-5.14 (q, 1H, J= 4.0 Hz), 3.87 (s, 3H),
3.57(dd, 1H, J=2.8 Hz, J=2.8 Hz), 3.29 (dd, 1H, J= 5.6 Hz, J= 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCls): § (ppm): 195.61, 163.78, 154.82, 131.76, 130.53, 129.94, 128.23,
128.13, 122.67, 113.85, 87.99, 82.97, 80.01, 55.51, 43.45, 40.23, 28.38.
HRMS calcd. for C23H25NO4Na [M+Na]*: 402.1681, found: 402.1676.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.8 min (minor), tg = 12.6 min (major).

Boc.
°°NH O

_ O OCH;
O 5e OCH,
(S)-tert-butyl 5-(3,4-dimethoxyphenyl)-5-0x0-1-phenylpent-1-yn-3-ylcarbamate 5e

White solid, 94% yield, 38.5 mg. [a]p?’=-16.6 (¢ 0.35 CHCl;).

TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.61 (d, 1H, J = 8.4 Hz), 7.56 (s, 1H), 7.33 (d, 2H, J= 8.0
Hz), 7.25 (t, 3H, J=4.8 Hz, J= 6.0 Hz), 6.90 (d, 1H, J = 8.4 Hz), 5.57 (br, 1H), 5.18-5.14 (m, 1H),
3.94 (d, 6H, J = 4.8 Hz), 3.58 (d, 1H, J = 13.6 Hz), 3.31 (dd, 1H, J = 6.0Hz, J = 6.0Hz), 1.46 (s,
9H).

I3C-NMR (100 MHz, CDCl;): 6 (ppm): 195.61, 154.79, 153.63, 149.15, 131.74, 130.08, 128.25,
128.13,123.07, 122.63, 110.22, 110.11, 87.92, 83.07, 80.02, 56.10, 55.99, 43.43, 40.32, 28.37.
HRMS calcd. for C24H28NO5 [M+H]*: 410.1692, found: 410.1658.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 75/25, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 9.78 min (minor), tg = 12.8 min (major).

Boc.
OC<NH

(o}
(0]
UL
C °
5f
(S)-tert-butyl 5-(benzo[d][1,3]dioxol-5-yl)-5-0x0-1-phenylpent-1-yn-3-ylcarbamate 5f
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White solid, 86% yield, 34.0 mg. [a]p?’=-56.8 (¢ 0.25 CHCl;).

TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.57 (d, 1H, J = 8.0 Hz), 7.45 (s, 1H), 7.34 (d, 2H, J = 8.0
Hz), 7.25 (s, 3H), 6.86 (d, 1H, J = 8.0 Hz), 6.04 (s, 2H), 5.56 (br, 1H), 5.14 (q, 1H, J = 4.0 Hz),
3.53(dd, 1H, J=4.0 Hz, J=4.0 Hz), 3.27 (dd, 1H, J= 6.0 Hz, J= 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 195.07, 154.77, 152.07, 148.30, 131.75, 131.72, 128.26,
128.15, 124.66, 122.62, 107.94, 107.91, 101.92, 87.87, 83.05, 80.03, 43.64, 40.20, 28.37.

HRMS caled. for C23H23NOS5Na [M+Na]*: 416.1468, found: 416.1463.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 11.5 min (minor), tg = 13.6 min (major).

Boc.
°°“NH ©

=
O Ph

59
(S)-tert-butyl 5-(biphenyl-4-yl)-5-0xo0-1-phenylpent-1-yn-3-ylcarbamate S5g
White solid, 95% yield, 40.5 mg. [a]p?’= -8.5 (¢ 0.30 CHCl;).
TH-NMR (400 MHz, CDCl3):  (ppm): 8.05 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J = 7.6 Hz), 7.62 (d,
2H,J=28.0 Hz), 7.47 (t,2H, J= 7.6 Hz, J= 7.2 Hz), 7.40 (t, 1H, J= 7.2 Hz, J = 6.8 Hz), 7.34 (d,
2H, J=17.6 Hz), 7.23 (d, 3H, J = 4.8 Hz), 5.58 (br, 1H), 5.19 (t, 1H, J = 3.6Hz, J = 4.0 Hz), 3.64
(dd, 1H,J=3.6 Hz, J= 2.8 Hz), 3.38 (dd, 1H, J= 6.0 Hz, J= 6.4 Hz), 1.47 (s, 9H).
I3C-NMR (100 MHz, CDCl5): § (ppm): 196.70, 154.80, 146.14, 139.80, 135.51, 131.77, 128.99,
128.83, 128.33, 128.30, 128.16, 127.35, 127.29, 122.60, 87.83, 83.17, 80.09, 43.92, 40.20, 28.39.
HRMS calcd. for C28H27NO3Na [M+Na]*: 448.1883, found: 448.1884.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 12.3 min (minor), tg = 13.6 min (major).

Boc.
°°“NH ©

Z
> :

5h
(S)-tert-butyl 5-(4-chlorophenyl)-5-ox0-1-phenylpent-1-yn-3-ylcarbamate Sh
White solid, 90% yield, 34.5 mg. [a]p?’=-17.4 (c 0.20 CHCl5).
TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.92 (d, 2H, J = 8.4 Hz), 7.45 (d, 2H, J = 8.4 Hz), 7.33 (d,

2H, J=7.2 Hz), 7.7.25 (d, 3H, J = 7.2 Hz), 5.48 (s, 1H), 5.15 (d, 1H, J = 4.0 Hz), 3.57 (dd, 1H, J
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=3.6 Hz,J=3.2 Hz), 3.33 (dd, 1H, J= 6.0 Hz, J= 6.4 Hz), 1.46 (s, 9H).

I3C-NMR (100 MHz, CDCls): § (ppm): 195.84, 154.73, 139.94, 135.11, 131.73, 129.62, 129.03,
128.37, 128.19, 122.46, 87.54, 83.31, 80.16, 43.97, 40.09, 28.36.

HRMS calcd. for C22H22CINO3Na [M+Na]*: 406.1186, found: 406.1185.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 12.3 min (minor), tg = 16.7 min (major).

Boc.

NH O CI

(S)-tert-butyl 5-(2-chlorophenyl)-5-ox0-1-phenylpent-1-yn-3-ylcarbamate 5i

White solid, 88% yield, 34.0 mg. [a]p?’= -26.4 (¢ 0.34 CHC]5).

TH-NMR (400 MHz, CDCls): ¢ (ppm): 7.53 (d, 1H, J=7.6 Hz), 7.41 (t,2H, J=72 Hz, J= 6.4
Hz), 7.37-7.32 (m, 3H), 7.28 (s, 3H), 5.45 (br, 1H), 5.12 (s, 1H), 3.57 (dd, 1H, J=4.2 Hz, J=4.2
Hz), 3.38 (dd, 1H, J= 6.0 Hz, J = 6.0 Hz), 1.47 (s, 9H).

I3C-NMR (100 MHz, CDCl5): § (ppm): 200.18, 154.70, 138.85, 132.12, 131.75, 131.19, 130.64,
129.31, 128.37, 128.20, 127.02, 122.51, 116.41, 87.47, 83.28, 80.14, 48.10, 40.16, 28.37.

HRMS calcd. for C22H22CINO3Na [M+Na]*: 406.1186, found: 406.1182.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.4 min (minor), tg = 12.8 min (major).

BocswH o

Z 0
C :

5
(S)-tert-butyl 5-(4-bromophenyl)-5-oxo-1-phenylpent-1-yn-3-ylcarbamate 5j
White solid, 66% yield, 28.2 mg. [a]p?’= -8.5 (¢ 0.30 CHCl;).
TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.84 (d, 2H, J = 8.4 Hz), 7.61 (d, 2H, J= 8.0 Hz), 7.33 (d,
2H,J=7.6 Hz), 7.25 (d, 3H, J= 6.4 Hz), 5.49 (br, 1H), 5.16 (t, 1H, J= 5.2 Hz, J= 7.2 Hz), 3.57
(dd, 1H, J=3.6 Hz, J= 3.6 Hz), 3.32 (dd, 1H, J = 6.8 Hz, J = 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl5): § (ppm): 196.06, 154.73, 135.50, 132.03, 131.73, 129.72, 128.68,
128.38, 128.19, 122.44, 87.52, 83.33, 80.17, 43.96, 40.09, 28.37.

HRMS calcd. for C22H22BrNO3Na [M+Na]*: 450.0681, found: 450.0677.
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HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 11.8 min (minor), tg = 16.0 min (major).

Boc.
°°NH O

Z T
® F

5k
(S)-tert-butyl 5-(4-fluorophenyl)-5-oxo-1-phenylpent-1-yn-3-ylcarbamate Sk
White solid, 87% yield, 32.0 mg. [a]p?’=-30.5 (¢ 0.30 CHCl;).
TH-NMR (400 MHz, CDCl3): ¢ (ppm): 8.03-8.00 (m, 2H), 7.34 (d, 2H, J= 7.2 Hz), 7.25 (t, 3H, J
=6.8 Hz, J=5.6 Hz), 7.14 (t, 2H, /= 8.8 Hz, /= 8.4 Hz), 5.53 (d, 1H, J = 8.4 Hz), 5.18-5.14 (m,
1H), 3.58 (dd, 1H, J=6.8 Hz, J= 7.2 Hz), 3.34 (dd, 1H, J= 6.0 Hz, J = 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl3): J (ppm): 195.50, 167.23, 164.69, 154.82, 133.22 (d, J = 3 Hz),
132.71 (d, J =9 Hz), 131.73, 130.90 (d, J = 9 Hz), 128.27 (d, J = 18 Hz), 122.48, 115.83 (d, J =
22 Hz), 87.60, 83.22, 80.17, 43.87, 40.09, 28.36.
19F NMR (376 MHz, CDCl3): d (ppm): -104.50.
HRMS calcd. for C22H22FNO3Na [M+Na]*: 390.1481, found: 390.1476.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 11.6 min (minor), tg = 16.6 min (major).

Boc.

(S)-tert-butyl 5-(naphthalen-1-yl)-5-oxo-1-phenylpent-1-yn-3-ylcarbamate 51

White solid, 97% yield, 38.8 mg. [a]p?’=-90.0 (¢ 0.40 CHCl;).

TH-NMR (400 MHz, CDCl5): d (ppm): 8.66 (d, 1H, J= 8.0 Hz), 7.99 (d, 1H, J= 8.0 Hz), 7.88 (t,
2H,J=17.2 Hz, J=10.8 Hz), 7.58-7.48 (m, 3H), 7.32 (d, 2H, J = 7.2 Hz), 7.29-7.21 (m, 3H), 5.56
(br, 1H), 5.19 (d, 1H, J = 6.4 Hz), 3.69 (dd, 1H, J= 3.6 Hz, J= 3.6 Hz), 3.44 (dd, 1H, J= 6.4 Hz,
J=6.4Hz), 1.47 (s, 9H).

I3C-NMR (100 MHz, CDCl3): 6 (ppm): 201.37, 154.78, 135.64, 134.00, 133.03, 131.74, 130.13,
128.43, 128.34, 128.17, 128.07, 128.00, 127.88, 126.57, 125.82, 124.37, 122.51, 87.78, 83.43,
80.13, 47.17, 40.61, 28.39.

HRMS calcd. for C26H25NO3Na [M+Na]*: 422.1732, found: 422.1727.
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HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.9 min (minor), tg = 13.9 min (major).

Boc..
°°NH O

~" O

5m

(S)-tert-butyl 5-(naphthalen-2-yl)-5-oxo-1-phenylpent-1-yn-3-ylcarbamate Sm
White solid, 88% yield, 35.0 mg. [a]p?’=-102.0 (¢ 0.35 CHCl;).
TH-NMR (400 MHz, CDCl3): 6 (ppm): 8.48 (s, 1H), 8.04 (d, 1H, J= 8.8 Hz), 7.95 (d, 1H, J=8.0
Hz), 7.88 (t, 2H, J=9.2 Hz, J = 8.8 Hz), 7.62-7.53 (m, 2H), 7.33 (d, 2H, J= 7.2 Hz), 7.22 (d, 3H,
J=6.8 Hz),, 5.60 (br, 1H), 5.26-5.21 (m, 1H), 3.75 (dd, 1H, J=3.2 Hz, /= 3.6 Hz), 3.49 (dd, 1H,
J=6.0 Hz, J= 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl;): 6 (ppm): 197.03, 154.82, 135.74, 134.16, 132.50, 131.76, 130.12,
129.66, 128.68, 128.59, 128.28, 128.15, 127.80, 126.89, 123.73, 122.60, 87.90, 83.16, 80.08,
43.96, 40.25, 28.40.
HRMS calcd. for C26H25NO3Na [M+Na]*: 422.1732, found: 422.1735.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 16.6 min (minor), tg = 18.1 min (major).

BocNH o

= =

5n

(S)-tert-butyl 5-oxo-1-phenyl-5-(thiophen-2-yl)pent-1-yn-3-ylcarbamate Sn
White solid, 87% yield, 31.0 mg. [a]p2® = -32.6 (¢ 1.00 CHC]l;).
TH-NMR (400 MHz, CDCl3): 6 (ppm): 7.76 (d, 1H, J= 3.6 Hz), 7.66 (d, 1H, J= 4.8 Hz), 7.32 (d,
2H, J=7.6 Hz), 7.27-7.24 (m, 3H), 7.14 (t, 1H, J= 4.0 Hz, J= 4.2 Hz), 5.55 (s, 1H), 5.16-5.12 (m,
1H), 3.54 (t, 1H, J=3.2 Hz, J = 12.4 Hz), 3.28 (dd, 1H, J= 6.0 Hz, J = 6.0 Hz), 1.46 (s, 9H).
I3C-NMR (100 MHz, CDCl5): § (ppm): 189.94, 154.77, 144.19, 134.28, 132.64, 131.76, 128.34,
128.27, 128.16, 122.50, 87.44, 83.44, 80.14, 44.52, 40.35, 28.36.
HRMS calcd. for C20H21NO3SNa [M+Na]*: 378.1134, found: 378.1134.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,

A =254 nm, retention time: tg = 10.3 min (minor), tg = 14.8 min (major).
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50
(S)-tert-butyl 6,6-dimethyl-5-0x0-1-phenylhept-1-yn-3-ylcarbamate 5o
White solid, 45% yield, 15.0 mg. [a]p2®=-67 (¢ 0.15 CHCl;).
TH-NMR (400 MHz, CDCl3): ¢ (ppm): 7.36 (d, 2H, J = 8.0 Hz), 7.28 (s, 3H), 5.59 (br, 1H), 5.01-
4.97 (m, 1H), 3.15 (t, 1H, J=2.8 Hz, J = 14.4 Hz), 2.85 (dd, 1H, J= 6.0 Hz, /= 5.6 Hz), 1.46 (s,
9H), 1.16 (s, 9H).
I3C-NMR (100 MHz, CDCl;): J (ppm): 196.88, 154.81, 131.68, 128.23, 128.19, 122.72, 88.07,
82.46, 79.92, 44.36, 41.80, 40.08, 28.37, 25.97.
HRMS calcd. for C20H27NO3Na [M+Na]*: 352.1889, found: 352.1890.
HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 6.5 min (minor), tg = 7.8 min (major).
General procedure for the catalytic asymmetric decarboxlative Mannich reaction of C-

phenyl-N-Boc-N, O-acetal 1a with cyclic f-Keto acids 6

HN,Boc 0 0 Boc\ Boc\
(R )-3h (10 mol%)
N OH ————— >
= OFEt MCPE, 5A M.S.
Ph -10 °C, 36h H H'
1a 6 7 7

61% yield, dr 7:7" = 1.2:1
7:91:9er, 7:61:39 er

To a solution of C-phenyl-N-Boc-N, O-acetal 1a (0.1 mmol) and 6 (0.12 mmol) in MCPE (1.0
mL) was added the catalyst 3h (7.8 mg, 10 mol %) and 5A MS (100 mg) at room temperature. The
reaction mixture was stirred at -10 °C, until 1a was consumed. The mixture was directly purified
by silica gel chromatography (ethyl acetate/petroleum ether = 1/50 to 1/10) to afford the product 7
and 7.

=
7 H
7

(18)-tert-butyl -1-(1-ox0-1,2,3,4-tetrahydronaphthalen-2-yl)-3-phenylprop-2-ynylcarbamate 7
White solid, 61% yield, 23.0 mg. [a]p?’= -60.5 (¢ 0.40 CHCl;).

TH-NMR (600 MHz, CDCIl3): d (ppm): 8.05 (d, 1H, J=7.2 Hz), 748 (t, 1H, J=7.2 Hz, J= 7.8
Hz), 7.36-730 (m, 3H), 7.27-7.23 (m, 4H), 5.34 (dd, 1H, J = 3.6 Hz, J = 3.6 Hz), 5.18 (br, 1H),

3.14-3.08 (m, 2H), 3.06 (d, 1H, J = 3.6 Hz), 2.36-2.26 (m, 2H), 1.46 (s, 9H).
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I3C-NMR (150 MHz, CDCl;): 6 (ppm): 196.79, 154.86, 143.72, 133.54, 132.61, 131.77, 128.75,
128.29, 128.16, 127.52, 126.74, 122.61, 86.96, 83.86, 80.07, 52.59, 43.88, 28.63, 28.36, 25.54.
HRMS caled. for C24H25NO3Na [M+Na]*: 398.1727, found: 398.1724.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 10.1 min (minor), tg = 10.7 min (major).

Large-Scale catalytic asymmetric reactions

.Boc Boc.
HN o o (R)-3h (10 mol%) °°>NH 0o
.
=~ TOEt PhMoH MCPE, 5A M.S. _ Ph
Ph ~ -10 °C, 48h Z
1a 2a Ph 4a
2 mmol 3 mmol

To a solution of 1a (2 mmol) and 2a (3 mmol) in MCPE (20 mL) was added the catalyst 3h
(156 mg, 10 mol %) and 5A MS (2.0 g) at room temperature. After C-alkynyl-N-Boc-N, O-acetal
la was consumed, the mixture was directly purified by silica gel chromatography (ethyl
acetate/petroleum ether = 1/50 to 1/10) to afford the product 4a .

Procedure for the synthesis of compound 8

Boc. Boc.
NH O
NH O Lindlar catalyst (10 mol%)
WPh Ethylenediamine NPh
DMF, H, (1 at rt
Ph , Ho (1 atm), Ph
4a, 95:5 er 8, 95% yield, 92:8 er

An oven-dried 10 mL Schlenk tube equipped with a stirring bar and capped with a rubber
septum was charged with Linder catalyst/CaCO3) (0.01 mmol Pd). The tube was degassed and
backfilled with hydrogen gas (3 times). Under a positive hydrogen pressure (hydrogen-filled
balloon), degassed DMF (1mL) and ethyldiene (1.2 eq) were added into the tube via a syringe,
followed by the addition of 4a (35 mg, 0.1 mmol). The reaction mixture was stirred at room
temperature under a hydrogen atmosphere (hydrogen-filled balloon). Upon completion of the
reaction in 12 h (monitored by TLC), the reaction mixure was filtered with a pad of celite to
remove Linder catalyst, and the filtrate was concentrated in vacuo. The organic layer was further
purified by flash column chromatography on silica gel (eluting with petroleum ether/ethyl acetate
= 8:1) to give 8.

Boc..
°°>NH O

('\)*ph

Ph
8

(S,Z2)-tert-butyl 5-oxo-1,5-diphenylpent-1-en-3-ylcarbamate 8
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White solid, 95% yield, 33.3 mg. [a]p?® = -42.5 (¢ 0.20 CHCI3).

TH-NMR (400 MHz, CDCI3): d (ppm):7.88-7.85(m, 2H), 7.56-7.52(m, 1H), 7.43-7.40 (m, 2H),
7.35-7.30(m, 4H), 7.27-7.22 (m, 1H), 6.48 (d, 1H, J=12.0 Hz), 5.88 (t, 1H, J=10.0 Hz, J=10.4
Hz), 5.38 (br, 1H), 5.17-5.10 (m, 1H), 3.41 (d, 1H, J=13.2 Hz), 3.21 (dd, 1H, J=52 Hz, J=5.2
Hz), 1.40 (s, 9H).

I3C-NMR (100 MHz, CDCI3): 6 (ppm): 198.62, 155.03, 136.81, 136.38, 133.33, 131.45, 130.68,
128.63, 128.61, 128.48, 128.15, 127.26, 79.49, 45.87, 43.58, 28.37.

HRMS calcd. for C22H26NO3 [M+H]*: 352.1907, found: 374.1706.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min, A
= 254 nm, retention time: tg = 11.6 min (minor), tg = 13.8 min (major).

Procedure for the synthesis of compound 9

Boc. Boc. CO,Et
NH O PhsP? “CO,E NH
wph toluene, 130°C = Ph
Ph Ph
4a, 95:5 er 9, 80% vyield, 94:6 er

An oven-dried 10 mL Schlenk tube equipped with a stirring bar and capped with a rubber
septum was charged with 4a (35 mg, 0.1 mmol) and tert-butyl 2-(triphenyl-A-
phosphanylidene)acetate (4eq, 0.4 mmol). The tube was degassed and backfilled with N, (3 times).
Under a positive N, pressure (N,-filled balloon), degassed toluene (3 mL) were added into the
tube via a syringe. The reaction mixture was stirred at 130°C under a N, atmosphere (N,-filled
balloon). After 4a was consumed (monitored by TLC), the organic layer was further purified by

flash column chromatography on silica gel (eluting with petroleum ether/ethyl acetate = 3:1) to

give 9.
Boc\NH ‘ CO,Et
= Ph
Ph
9

Ethyl- (S,2)-5-((tert-butoxycarbonyl)amino)-3,7-diphenylhept-2-en-6-ynoate 9

White solid, 80% yield, 33.5 mg. [a]p?® = -54.6 (¢ 0.10 CHCI3).

TH-NMR (400 MHz, CDCI3): 6 (ppm): 7.46 (dd, 2H, J=4.4 Hz, J = 1.6 Hz), 7.38 (d, 3H, J = 5.2
Hz), 7.34 (dd, 2H, J = 1.6 Hz, J = 3.2 Hz), 7.27 (t, 3H, J = 1.6 Hz, J = 6.8 Hz), 6.17 (s, 1H),

5.16(d, 1H, J= 7.2 Hz), 4.70 (d, 1H, J = 5.6 Hz), 4.25-4.18 (m, 2H), 3.81 (dd, 1H, J=9.2 Hz, J =
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9.2 Hz), 3.46 (t, 1H,J=6.8 Hz, J=5.2 Hz), 1.41 (s, 9H), 1.30 (t, 3H, J=7.2 Hz, J="7.2 Hz)
BC-NMR (150 MHz, CDCI3): J (ppm): 165.86, 154.19, 153.77, 139.33, 130.69, 128.21, 127.69,
127.15, 127.12, 125.90, 121.76, 119.50, 87.37, 82.08, 78.44, 59.23, 41.69, 35.83, 27.29, 13.23.
HRMS calcd. for C26H29NO4Na [M+Na]*: 442.1989, found: 442.1989.

HPLC analysis: Daicel CHIRALCEL IC-3, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, A
= 254 nm, retention time: tg = 5.0 min (minor), tg = 5.8 min (major).

Procedure for the synthesis of compound 10

Boc. Boc.

W Ph THF,0°C = Ph
T™MS
4v,91:9 er 10, 96% yield, 91:9 er

In an ordinary vial, equipped with a stir bar, was charged with 4v (35 mg, 0.1 mmol). Freshly
distilled THF (2 mL) wasadded and the solution was cooled to 0 °C. TBAF (1M in THF, 0.24 mL,
0.24 mmol, 2.4 equiv) was added dropwise and the solution was stirred another 3 min. After
completion of the reaction, the resulting brown solution was quenched with saturated aqueous
NH4CI (5.0 mL) at 0 °C. The layers were separated, and the aqueous layer was extracted with
EtOAc (3x10 mL). The combined organic layers were washed with brine (10 mL), dried over
Na2S04 and concentrated in vacuo. The residue was then purified by silica gel chromatography
(eluting with petroleum ether/ethyl acetate = 3:1) to afford purified 10.

Bocswm o

//k)kph

10

\

(S)-tert-butyl 5-oxo-5-phenylpent-1-yn-3-ylcarbamate 10

White solid, 96% yield, 26.2 mg. [a]p?® = -29.2 (¢ 0.13 CHCI3).

TH-NMR (400 MHz, CDCI3): § (ppm): 7.96 (d, 2H, J =8.0 Hz), 7.59 (t ,1H, J =7.2 Hz, J =14.4
Hz), 7.48 (t, 2H, J = 7.6 Hz, J =15.2 Hz), 5.52 (br, 1H), 4.95(s, 1H), 3.45 (t, 1H, J =24 Hz, J
=17.2 Hz), 3.32 (dd, 1H, J=6.0 Hz, J=6.0 Hz), 2.28 (s, 1H), 1.44 (s, 9H).

I3C-NMR (100 MHz, CDCI3): § (ppm): 196.95, 154.73, 136.55, 133.56, 128.72, 128.13, 82.51,
80.14, 71.10, 43.46, 39.15, 28.34.

HRMS caled. for C16H19NO3Na [M+Na]*: 296.1257, found: 296.1255.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
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A =254 nm, retention time: tg = 11.4 min (minor), tg = 15.1 min (major).

Procedure for the synthesis of compound 11

I\ Boc-
Boc\NH o 5”7 ~COLCu (1) NH O
/'\)J\ —’(10 mol%) T WPh
S—N
4 Ph TsNg, toluene, rt =N
10,919 er 11, 94% yield, 91:9 er

A flame dried 5 mL vial, equipped with a stir bar, was charged with 10 (20.1 mg, 0.058
mmol, 1.00 equiv) and freshly distilled toluene (1.5 mL). Tosyl azide (23 mg, 1.2 equiv) was
added to the solution at rt. And Copper(I) thiophene-2-carboxylate (1.4 mg, 0.1 equiv) was added,
respectively. After stirring for 12 h, the reaction mixture was monitored by TLC. The mixture was

then purified by silica gel chromatography (PE:AcOEt = 5:1) to afford purified 11.

Bocswn o

oS

N=N
1

(S)-tert-butyl (3-oxo-3-phenyl-1-(1-tosyl-1H-1,2,3-triazol-4-yl)propyl)carbamate 11

White solid, 94% yield, 44.2mg. [a]p?* =-32.5 (¢ 0.30 CHCI3).

TH-NMR (400 MHz, CDCI3): J (ppm): 8.13 (s, 1H), 7.94 (d, 2H, J= 8.0 Hz), 7.88 (d, 2H, J= 7.6
Hz), 7.56 (t, 1H, J=7.2 Hz, J= 7.2 Hz), 7.43 (t, 2H, J= 7.6 Hz, J= 7.6 Hz), 7.36 (d, 2H, J = 8.0
Hz), 5.86 (d, 1H, J= 7.2 Hz), 5.43 (s, 1H), 3.87 (d, 1H, J=16.8 Hz), 3.55 (dd, 1H, J=5.6 Hz, J =
5.6 Hz), 2.43 (s, 3H), 1.43 (s, 9H).

I3C-NMR (100 MHz, CDCI3): 6 (ppm): 197.84, 155.12, 148.26, 147.29, 136.39, 133.57, 132.99,
130.43, 128.73, 128.67, 128.05, 126.43, 121.70, 80.12, 43.82, 42.26, 29.70, 28.33, 21.82.

HRMS calcd. for C23H26N405SNa [M+Na]*: 493.1522, found: 493.1520.

HPLC analysis: Daicel CHIRALCEL AD-3, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
A =254 nm, retention time: tg = 25.3 min (minor), tg = 28.5 min (major).
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R &l gnin)
Entry | Retention time Area Height Area% Width | Type
1 12.14 1354478 65610 4.63% 1.188 BB
2 15.79 27901320 589993 95.37% 3.419 BB
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Entry | Retentiontime Area Height Area% Width | Type
1 13.00 4066334 194778 50.69% 1.793 BB
2 21.63 3955411 117250 49.31% 1.943 BB
1.4
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T 1z 3 4 5 &8 7 9 10 1 12 13 14 15 6 17 8 18w A 2 = 4 ®
R &l gnin)
Entry | Retention time Area Height Area% Width | Type
1 13.01 2173269 107064 8.14% 1.153 BB
2 21.47 24515234 737971 91.86% 2.304 BB
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Entry | Retentiontime Area Height Area% Width | Type
1 8.69 9317621 568398 51.26% 0.954 BB
2 10.09 8857881 508823 48.74 1.154 BB
20| B
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16
14
12
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5
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0z ] :g'
00 L . r
o 1 : 3 5 ; 7 s 8w n 1z 13w
B8] (i)
Entry | Retentiontime Area Height Area% Width | Type
1 8.62 982961 62663 5.18% 0.741 BB
2 9.99 17981967 1009698 94.82% 1.497 BB
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o 1 2 3 4 & 7 8 8 1w 0 12 13 14 15
B8] (miny
Entry | Retention time Area Height Area% Width | Type
1 8.64 19460246 1265912 | 50.23% 1.227 BB
2 11.33 19285534 1005255 | 49.77% 1.274 BB
20
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00 & e
o 1z 3 4 e 1 & 3 no1z 13 5 s
Rl gnin)
Entry | Retention time Area Height Area% Width | Type
1 8.82 1244198 87139 8.32 0.564 BB
2 11.57 13714434 712963 91.68% 2.288 BB
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DAD1 D, 5ig=254 4 Ref=off (SZW\SZW-20200611-01.0)
mAU é
8 g
2500 I o
2000 | ‘
|
1500 -] [ | ' [
1000 | \ ‘
500 |
0 —— ~ ~ — LJ‘I — ."\-. S
2 a 6 8 10 12 14 16min
1 i T A B i T e vy LTRSS
#  [min] [min] [mAU*s] [mAU] %
e sl il [ [osencice flsasasss |
1 10.881 VB 0.3413 5.86226e4 2699.87402 49.9722
2 13.240 VB ©.3858 5.86877e4 2362.28125 50.0278
DAD1 D, Sig=254 4 Ref=off (SZW\SZW-20200611-02.D)
mAU 2
1400
1200
1000
800
600
400
200 E
0 e
2 4 6 ' 10 12 14 16 min
W CREFRS ) SR g s W T A [ESr=n W TF A
# [min] [min] [mAU*s ] [mAU] %
1 10.786 BB ©.2777 3167.75732 174.56604 8.3047
2 13.068 VB ©.3371 3.49762e4 1587.25708 91.6953
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VWD1 A, Wavelength=254 nm (S2W\szw-20200607-1310-23-57.D)

mAU 7] 5

S
i

401 |‘

|

30 “ \
1
1

|
|1 1\

| I

| | f

104 | |
| |
fiih] |
[ ] |

Ly SN i o

e PO o SO U, ST S I‘\,/‘\, B ‘.,J e
2 4 6 8 10 12 14 16 mir
g CREFIFIA] 2870 e ESTHEA W 15y WA T A
#  [min] (min]  [mAU*s] [mAU] %
| | i | = | |
1 11.001 BB 0.2594 880. 00592 51.99754 56. 3655

2 16.763 BB 0.4137 681. 24371

25. 25389  43. 6345

VWD1 A, Wavelength=254 nm (SZW\szw-20200607-1410-47-01.D)

] (|
0o+—— — - — —_——— —
g CrREFEFTE) R 0% 98 EHTEA U 15 ESTIEA

# [min] [min]  [mAU%s] [mAU | %
e

1 10.980 BB 0.2615 825. 24457  48.25676  9.0594
2 16.696 BB 0.4142 8283.98535 307.57172 90. 9406
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old4aom
217

EXPHO
PROCHO 1
Date_ 20210409
Time 22.30
msTRUM spect
PROBED 5 mm PAEEO BB/
PULPROG zgfhigga.2

1™ 131072
SOLVENT cBc13

S 16

Ds 4

SwH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 95.85

DW 5.600 usec
DE 6.50 usee
TE 295.9 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
0 1
==m=eses CHAINEL f1 ====mme.
sFol 376.4795333 Mz
HUC1 197

P1 14.00 usee
s1 65535

SF 376.5171850 MHz
WowW EM

55B. o

18 0.30 Hz
cB o

PC 1.00



VWD1 A, Wavelength=254 nm (SZW\szw-20200607-0507-33-40.D)

mAU 8
£
800 @
700 ‘I
[
600 [ 8
Ll T
500 [ | ;"",‘
B i
400 [} [
| ‘
300 1 1 5
|
{4l :
200 e |
[ | i
100 .“ A “
o R \\_r/fl \ B el
2 i 6 8 10 12 14 i
e PREARS (] 8 e IIEATTE A 1 ey IETipEA
#  [min] [min]  [mAUxs] [mAU] %
— R | |
10. 836 BV 0.2783 1.48204e4  822.25342 53.5088
14. 965 BB 0.3621 1.28767e4  546.00385 46.4912
VWD1 A, Wavelength=254 nm (SZW\szw-20200607-0607-55-16 D)
mAU 1 8
800 [
I
i
600 ‘ |
|
| |
400 ‘ ‘
, |
200-] g "‘
] o B il o
2 4 6 r 8 10 12 14 i
W CREFHS[a] 2R e [ETTEA A 1y [ETTEA
#  [min] (min]  [mAU%s] (mAU] %
— | |
1 10. 806 BB 0.2654 1798. 15100 104.17737 7.8512
2 14.925 BB 0. 3559 2.11046e4 912. 31665 92. 1488
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= B oXSbbhNNNAAANE e W
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| I\\\\V%/ | \\W | ‘ | FROBED 5 mm BABBO BB/
BULPROG zapa30
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SOLVENT <pe13
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DS o
SWH 25252.525 Hz
FIDRES 0.385323 Hz
a 1.576625 sec
RG 175.44
o 19.800 usec
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5 3
1 2.00000000 sec
D11 0.03000000 sec
D0 1
,,,,,,,, CHAMNEL £1 ==
SFO1 100.6283629
nucl 13¢c
Bl 10.50 usec
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12
1.0 &
08
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02
0.0
0 1 2 3 . s : 7 5 a1 1z 13
B8 (min)
Entry | Retention time Area Height Area% Width | Type
8.61 7924886 511619 50.62% 0.843 BB
9.54 7730964 467297 49.38% 0.940 BB
16
14 E
12
1.0
'
5
g 03|
2
06
04
0.2 B
00 A‘\ i
1 : 3 4 5 0 7 s 5 10 " 12
R &l gnin)
Entry | Retention time Area Height Area% Width | Type
1 8.67 676746 42977 5.48% 0.648 BB
2 9.66 11676561 682582 94.52% 1.135 BB
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o 1z 3 4 s R s 10 1 12 15 14 15
B8 (min)
Entry | Retention time Area Height Area% Width | Type
1 8.52 4473774 258716 51.70% 1.333 BB
2 11.78 4180266 205493 48.30 1.369 BB
26 5
24 ]
22
20
13 ]
15
gm g
Sﬁfﬂ 2
2
10
03
085 |
04
02 @
00 N / L T L
o 1z s & 5 s 7 s & w12 13 1a 18
B8] (min
Entry Retention time Area Height Area% Width | Type
1 8.45 1610386 99130 5.52% 0.695 BB
2 11.76 27584336 1294052 | 94.48% 1.573 BB
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VWD1 A, Wavelength=254 nm (SZW\2020-5-24-szw08.D)

mAU | “O_'
25—: YTT’
] I
20| f"
i ‘ | §
1 | r
& I
] A
10_, r “ |1 |1
1] \\ A I ' [ [
11 \ [\ i I {
57| ) A M : i [ | [
i \1 \/ \'\; l‘ ;“I ‘l‘l ‘ ‘ | i
1 S gt [l ]
o} e B
] I "."‘!‘I ;1 \ ’4
W A SR e o5 _\_T_i WA e N
5 15 20 mir
g fREFITE KA W W 7T g vy e TR
# [min] (min] [mAU*s] [mAU] %
St PR RO S | |
1 15,140 BB 0.3694 695, 74738 29. 15306 56. 8133
2 17.527 BB 0.4356 H28.87323 18. 89400 43, 1867
VWD A, Wavelength=254 nm (SZW2020-5-24-s2w00.D)
mAU7 %
160 |‘
[
140 (
|
120 | |
[l
it
100 | |
A
80 |
Bl
UL}
60 [ |
g ||
40 o |
A [
I
0 ,-——-/"\-’r\ — ,Jﬂ\, T . in\p, _._/‘ ,‘}l"\_,, o S g e
5 10 15 20 i
iR RN Y IR W TR
#  [min] [min] [mAU*s] [mAU] %
|| e ——| | ——
1 15.142 BB 0.3672 804.69385 33.87172 13.9702
2 17.519 BB 0.4278 4955, 37646 178.53883 86.0298
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18 i
16
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12] &
gm-
il
il
= 0a ]
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00
i 1z 5 4 5 6 5 8 M0 1 12 13 14 15 15 47 15 15 W ;2
B8 (min)
Entry | Retention time Area Height Area% Width | Type
1 10.96 17829696 977108 51.20% 1.522 BB
2 16.05 16994898 625231 48.80% 1.989 BB
10 ]
03
gﬂﬁ-
1K
£
2
0.4 ]
02
oo S A_,
o 12 3 4 s 7 s s 10 m 12 13 14 15 18 a7 15 s
BT (min
Entry | Retention time Area Height Area% Width Type
1 10.98 667477 35980 5.37% 0.880 BB
2 16.09 11753498 445496 94.63% 1.712 BB

S52




Bocswu o
4m

v —

L€
98e°¢
e
8er'e

A
899°€ 7

0.0 ppm

0.5

4.0 3.5 3.0 25 20 15

4.5

6.0 5.5 5.0

6.5

o

e

g

75

@@
j‘:!

£

8.0

8.5

1688 —

Loy ——
SLEY —

Lot
0 th-
GELL
98'6L
£108

SpEEL
0'9EL
9L9€EL

08'vSL —

20'48L ——

0 ppm

10

20

60 50 40 30

70

100 90 80
S53

110

120

200 1980 180 170 160 150 140 130

210




DAD1 D, Sig=254,4 Ref=off (SZW\SZW-20200611-03.D)

mAU 8 2
3000 & 5
2500 {L fl
? i
| | i
2000 [
| \
1500 l ‘ J
| N
1000 | |
n ||
500 i i ; |
e = e SR \\%h_u‘ \ T
2 4 5 8 10 12 4 m
VE LB WS WEIIR R TR
ft [min] [min] [mAU*s] [mAU] %
T PR - |=mnmemenee | -mmmeemnee PR
1 10.195 VvV 0.3151 6.066714ed4 3036.23218 49.2361
2 12.176 VB 0.3316 6.2553%e4 2948.00806 50.7639
DADT D, Sig=254 4 Ref=off (SZW\SZW-20200611-04 D)
mAU 2
] :
350 i
] I
300 [
] Il
250 j?
200% ;¥
1mé }
100 » ||
1 © _%Q\r.b : ‘.
50 RS [\
’ 5 ; : ; o & o
16 e el 1 I I 7 [LEATTR YA W 15y ESVIA
#  [min] [min] [mAU*s] [mAU] %
R P === mmeees |+ = |- |
1 10.013 MM 0.2571 501.39938 32.50312 6.9216

2 11.983 BB ©0.2618 6742.58398 393.79138 93.0784
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3
gm—
=1
0s
06
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02 ]
00 1 1 L !
v 1 LR & 7 & s 1 1 12 13 14 15 15
B8 (min)
Entry | Retention time Area Height Area% Width | Type
1 10.32 19563835 1043746 | 50.17% 1.473 BB
2 13.52 19430599 794469 49.83% 1.796 BB
1.2
10
03 ]
[
3
gu.s—
2
04
02 ]
0o A n s
o 1 2z 3 4 s 7 s s w  u 1z 13 s 15 18 17
B8] (min
Entry | Retention time Area Height Area% Width Type
1 10.30 748772 44044 7.35 0.729 BB
2 13.53 9434591 415488 92.65 1.700 BB
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VWD1 A, Wavelength=254 nm (SZW\szw-20200607-0608-14-19.D)

mAU é
300 "-‘ 2
I f
250 [ ,I
\} 1
200 [ (|
‘ [
| 11
L [
150 | | I | |
[ [
100-| | I
| | |
[ |
50-] [
e e . il Bl
2 4 6 8 10 12 14 -
Ve RERLE KT W WEEBL  WEE W
#  [min] [min]  [mAU%*s] [mAU] %

77777777777 e |
1 10.131 BV R 0.2515 5413. 01563 326. 37436 52. 1961

2 11.756 BB 0. 2829 4957. 52197 271.63394 47.8039

VWDT A, Wavelength=254 nm (SZW's2w-20200607-0808-31-35.)
mAU &
E
700 i
I
600 -| | ‘
[
500 |
400-] |
300 I
200 & ‘ ‘
o _Q?’\-
100 ‘23‘,@@ .
O e o i/\\ e e e P ./f‘ l“.“\\ —~ \,JI‘ e e
T L T T e T I B e R P B
2 4 6 8 10 12 14 i
W CREFRS ) M e WA T A (e W T A
#  [min] [min]  [mAUks] [mAU] %

R - e o -
1 10.102 MM 0.2354 861.87463 61.02960 5.8144

2 11.721 BB 0.2939 1.39611e4  740.56122 94. 1856
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fil 04 ]
il
=1
03
02
01
00 : - -
o 1 2 3 4 5 &5 1 5 s #1213 1
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 10.85 7422476 404058 51.71% 1.519 BB
2 13.11 6930261 314859 48.29% 1.490 BB
22 §
20
18
15
14|
gw 2
1K
§1 o
08
06
04
02 E
o 1 2 s 4 s & 7 s & w0 n 12 13 14 15 s
BT (i
Entry | Retentiontime Area Height Area% Width Type
1 12.17 1425357 76021 6.10% 0.712 BB
2 13.38 21948603 1091256 | 93.90% 1.472 BB
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00
T2 3 4 1 8 s 1w m 1z 13 14 15
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 12.05 10658815 546214 48.06% 1.193 BB
2 13.31 11520756 535578 51.94% 1.320 BB
05 |
05
04
[
3
g 03
2
02
01 e
00
o 1 2 s 4 s & 7 8 8 w0 m 12 13 1a 18
B8] (min
Entry | Retention time Area Height Area% Width Type
1 10.97 456532 26151 6.05% 0.812 BB
2 13.19 7087629 319686 93.95% 1.609 BB
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defaulta259.che

10 ] .
03 '
gu.e 1
il
il
=1
04
0z
00
o 1 2 3 4« s s 7 _ & s w1 12 1
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 10.32 7694270 451896 50.42% 0.990
2 11.48 7566181 403435 49.58% 1.197
1.0
0s
o
s |
I
£
2
04
02 ]
o | el A,
o 1 2 s« 5 s 1 s s w  m 12 15 1
B8] (min
Entry | Retention time Area Height Area% Width Type
1 10.36 327435 20654 3.07% 0.598 BB
2 11.48 10322151 567963 96.93% 1.174 BB
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DAD1 D, Sig=254 4 Ref=off (§2ZW\SZW-20200611-11.D)

mAU | 3
250 Il
. | 8
200 ( o
] [
150 ‘ |
100 : ‘
50 ::
0 C e Vs = = = v, .\S..,-— i l/: \*‘r =
2 4 5 8 10 12 14 mid
I PR ] S 9T W 17 A IR ey U T L
# [min] [min] [mAU*s] [mAU] %
S R R |[==mmmmmeee |[==mmmmmeee |==mmmmee |
1 9.289 VB 0.2373 4295.22754 276.40687 51.2198
2 12.836 BB 0.3216 4090.64502 194.78049 48.7802
DAD1 D, Sig=254 4 Ref=cff (SZW\SZW-20200611-12.D)
mAU %
160 n
140 .
120 ‘
100 I ]
80 ' 1
60 ‘
40 \é}?@'lz
= gﬁé‘k@;‘ |
04— - S— - o T —— E— k j .‘\\'r = — "'“I -
\/
; 1 : : % % PR
e OB fa] 2EAY 0wy LETTEA e ety Mg T A
# [min] [min] [mAU*s ] [mAU] %
1 9.285 MM 0.2609 186.86200 11.93804 5.0061

2 12.825 BB
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04| 2
03
i
2
i
02
=1
01
00
o 1 z 3 4 5 5 7 5 3 10 11 12
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 9.85 3323443 197201 48.87% 0.874 BB
2 10.74 3476857 189107 51.13% 1.049 BB
05 |
05 |
04
[
3
1K
+03
2
02 ]
01
0o e AU :
0 1 2 3 . s 5 7 5 5 10 " 2
BT (min
Entry | Retention time Area Height Area% Width Type
1 9.97 4577295 263675 89.97% 0.949 BB
2 1091 510091 27955 10.03% 0.887 BB
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defaulta2é6-rac-cyclohexyl.che

07
06 i
05
i
D04
il
il
=1
03
02 ]
01
00 L L
a 1 2 3 . s 5 7 s 3 10
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 8.56 4910793 311011 47.87% 0.765 BB
2 9.08 5348086 305638 52.13% 1.046 BB
22 g
204
18
15 ]
14 ]
gw.z ]
I
§1 o
03
05
04
0z E
o A\ . ‘
0 2 3 . s 5 7 s s 10 B
B8] (min
Entry | Retentiontime Area Height Area% Width Type
1 8.56 17801933 1103182 | 93.34% 1.098 BB
2 9.10 1269200 71531 6.66% 0.867 BB
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VWD1 A, Wavelength=254 nm ( H Bi 4212020-05-3106-45-41s2w-20200531-01.D)

mAU | % %
140 “
120—: | I
100*} ;
. ?
60 . ‘
1 i
e
20": ';\“, ‘ };
DE— e / ) ke - __L/':I o \‘/ — o
1 2 3 i 5 6 8
W REIMT R Wl WERU R W
#  [min] (min]  [mAU*s] (mAU] %
U (- ——— S S |
1 5. 970 BV 0.2406 2391.64136 153.68553 50.7682
2 6. 609 VB 0. 2404 2319. 26440 149. 15930 49. 2318
VWD1 A, Wavelength=254 nm (SZW\2020-05-3107-35-13szw-20200531-03.D)
400 \
= i
200
] [
|
100 3 ﬁfp |
] @
1 £y | \
0; . o, SN et ““l’: ;\1 S S
i REI R WS WREEL WA R
#  [min] [min]  [mAUxs] (mAU] %
SN F— | (S ——— |
1 5. 994 MM 0.2919 1012. 26978 57. 79446 9, 2542
2 6.618 MM 0.2983 9926. 17188 554.60516 90. 7458
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DAD1 D, Sig=254 4 Ref=off (SZW\SZW-20200611-13.D)

mAU 9 o
] § ,ﬂg:g I \"J@.“("
80 a1 1
40+
20+
fa' _ \_ . -

0+ J— \ S = =

// | M

,/I
L
2 a 6 8 10 12 14 min
U PREFIT ] R e EATTR A U vy [ESTTE A
# [min] [min] [mAU*s] [mAU] %

1 9.622 MM
2 11.920 MM

0.3037 1425.05383
0.3346 1349.05017

78.20928 51.3699
67.18902 48.6301

DAD D, Sig=254 4 Ref=off (SZW\SZW-20200611-14.0)
mAU g )
@ S
250 oo
1%
200 ‘
150
100
ts\"o
\'.blb\‘
50 %\'\\@'
o - _—.‘hf\/"/ \ IR P c SN 4 ‘I"\? i =N
0 2 4 6 8 10 12 4 mi
U DREFIS ) S8 0w U T A U 1y U T A
# [min] [min] [mAU*s] [mAU] %
R I P ] EETRSRES | =-mmnee |
1 9.630 MM 0.2786 461.37567 27.59699 7.7261

2 11.912 MM

©.3574 5516.29199
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defaultadidche

08
03 o
074 §
06
gus 1
i
il
=04
03]
02
014
0.0 ] . b
0 1 2 3 4 s 5 7 5 5 w0 N A
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 8.06 5939027 376953 50.31% 0.927 BB
2 10.22 5865003 332065 49.69% 0.992 BB
14
12 §
10 ]
08
wr
3
1K
£
=05
04
02 -
0.0 ]
0 1 2 3 . ' s 7 s a W 2 1
BT (min
Entry | Retention time Area Height Area% Width Type
1 7.94 915119 60205 8.26% 0.653 BB
2 10.05 10170311 568439 91.74% 1.019 BB
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033
035
034 4
032
030 4
028
025 4
024 ]
022

HRECR

gma-

=016
0.4
0124
0.0
0.8 |
005 4
0.04 |
002 4

0.00

981

5 7
Al (ming

Entry

Retention time

Area

Height

Area%

Width

Type

841

2834198

182596

50.20%

0.987

BB

9.61

2811984

166437

49.80%

1.130

BB

defaulta3zt.che

224

204

i

TR (AES)

0.8

044

02

0.0+

963

L] 7
B8] (min
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Retention time

Area

Height

Area%

Width

Type

8.42

1688366
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VWD1 A, Wavelength=254 nm (SZW\2020-5-24-szw06.D)

mAU é
I N
&0 5\ i
500 | |‘ i
I I
| I
400 [ | ‘
il ‘
R R
|
|1 \ |
il i
200 | ||
n ||
100 ! | . \
{7 B — JJ ‘:‘\ ‘\\
2 4 6 8 10 L 14
U CRETII ] R U W [ A A 1 e 1 AR
#  [min] [min]  [mAU%*s] [mAU] %

4 | |
693. 72913 51.4603
557.19965 48. 5307

| | |
1 11.204 W R 0.2713 1.21768e4
2 13.263 BB 0.3185 1.14857e4

VWD1 A, Wavelength=254 nm (SZW\2020-5-24-szw07.D)

mAU &
1400 a
‘I
I
1200 [
[
1000 | ‘\
800 ‘ \
|
600 \I \
|
[ |
|
400
é,(g%}@% ;‘ {'
200 = |
:'A‘. \:
0—+— —~ ——— 71_/“; \ : f N
2 4 6 8 10 12 14
W PRETI ] 282 U LESTTR A WA 1 LESTIp VA
#  [min] [min]  [mAU*s] [mAU] %
I | | |
1 11.191 MM 0.2811 2438.93921 144. 58871 7.5254
2. 13.217 BB 0.3274 2.99706e4 1418.99475 92.4746
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DAD1 D, Sig=254.4 Ref=off (SZW\SZW-20200611-09.D)

mAU 8
1400 ""-
1200 "“ Ié)
1000 [
800 [ ‘
600 | ‘ [
400 ‘
200 :I“.
kI e . S L\\,ﬂ.
; : ; 10 2 s m
e PR ET R 28 I ETT oA I vy I 1 A
# [min] [min] [mAU*s ] [mAU] %
T E R P | wemmmmee EENRRRE RN |
1 10.752 BB 0.2739 2.63361ed4 1463.88379 51.7435
2 12.596 BB 0.3191 2.45613e4 1178.59119 48.2565
DADA D, Sig=254,4 Ref=off (SZW\SZW-20200611-10.0)
mAU ] §
600
500 [
400—: a
300 ‘
200—: |
] @ ||
] ™ _'\Qq | |
100-: g&\\%‘a “:
0: e VJ .“.\\‘| L S
2 4 6 8 10 12 14 mirl
(€ N ST S EIC I o4 ETT A I 5 EANTRSA
# [min] [min] [mAU*s] [mAU] %
T P T P |=mmmenmeee | =nmmemmee PR |
1 16.773 MM 0.2918 1091.99036 62.36420 7.1291

2 12.610 BB

0.3137 1.42253e4
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VWD1 A, Wavelength=254 nm (SZW\szw-20200607-1511-07-57.D)

mAU 1 £
700 |' .
: |
600 | w I
! | I
500 | ‘ .
400 ‘ ‘ \
] licl [
300 [ | [
[ ||
200 ‘ ‘ | “:
| |
100 o I I‘: fir &
0 = ‘l‘l\ Y S ,__,r';‘ ‘\‘\ S . -/; ‘I‘\___ VR
2 4 6 8 R 2 4 m
VEREARTI KT WERE  WRER WhRE UEIER
#  [min] [min]  [mAU%s] [mAU] %
= | |— | |
1 9.774 BB 0.2528 1.30332e4  792.63934 49. 9583
2 12817 BB 0.3253 1.30550e4  618.39783 50.0417
VWD1 A, Wavelength=254 nm (SZW\szw-20200607-1611-31-05.D)
mAU 8
&
300 ,'
250 ‘ .
|
200 . |
150 \ |
100 ‘ ‘
& [ |
o I
50 E \.\\@‘-’” w
“nl [\
"yl P e AT —— — — — ,_,,j’\ I J \\¥r, -
2 4 6 8 10 12 14 min
Ve BRI KA WESE WL W5 WRITH
#  [min] [min]  [mAU*s] (mAU] %
——————————— [ R |
1 9. 783 MM 0.2837 336.15430 19. 74664 4. 6679
2 12.832 BB 0. 3209 6865. 21777 328.38739 95,3321
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00 AN L F
o 1z 3 4 5 7 8 8 1 1z 13 14 15 18 47
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 11.50 4407445 236251 51.46% 1.198 BB
2 13.70 5157708 189784 48.54% 1.315 BB
024}
022
020 ] o
[RER
015 |
014
o
% 012
1K
r§ 010 ]
0.08 -4
0.06 -
004}
0.0z @
0.00 "
<0025} T T T T T T T T T T T T T T T T
o 1 2 3 &4 B g = 10 1 12 13 14 1% 16 v
B[l (ming
Entry | Retention time Area Height Area% Width Type
1 11.46 117245 6192 4.89% 0.788 BB
2 13.64 2280830 101549 95.11% 1.362 BB
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002+

0.00 4

o 1z 3 &« 5 & 7 8 _ 8 1 n 1z 13 1 15 15 17
Al (ming
Entry | Retention time Area Height Area% Width Type
1 12.30 1482533 72851 56.15% 0.952 BB
2 13.64 1157673 52102 43.85% 1.312 BB
05 |
04
03
[
3
1K
£
i
02
01
0o
o 1z s 4 s ¢ s s w1z 13 14 15 18 7
B8] (min
Entry | Retention time Area Height Area% Width Type
1 12.34 264984 13501 5.43% 0.806 BB
2 13.66 4619444 208974 94.57% 1.647 BB
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20 ] g
18
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1.4 i
12
i
3
FRALE
B
=1
03
05 |
04
0z
00 L L
o 1z 3 4 = 7 5 s 0 1 1z 13 14 15 16
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 10.25 16498018 1001743 | 51.42% 1.131 BB
2 13.64 15587914 714414 48.58% 1.322 BB
12
10
03 |
[
3
1K
’éu.ﬁ-
0.4 |
02 &
o 1z 3 s 71 s 8w n 12 15 1e 15 1®
BT (min
Entry | Retention time Area Height Area% Width Type
1 10.25 1124474 65396 7.19% 0.845 BB
2 13.63 14516191 666244 92.81% 1.248 BB
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06 N
05
i
3
fil 04 ]
il
=1
03
02 ]
01 4
0.0 ]
o 1 2z 3 4 : 5 s 1w 1 12 13 14 45 16
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 10.30 5969244 332100 50.35% 1.087 BB
2 12.72 5885112 275760 49.65% 1.613 BB
09 ]
03 | -
07
05 |
UER
3
1K
’é 04
03
02
01 S
0.0
o 1 2 3 4 5 s s 0 12 s 1 15 s
B8] (min
Entry | Retention time Area Height Area% Width Type
1 10.43 637183 36213 7.45% 0.733 BB
2 12.81 7919595 369378 92.55% 1.274 BB
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01
0.0 L
o 1z 3 4 s 7 8 8 10 1 2 13 4 15 15 47 15 13
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 11.77 8194744 451458 48.74% 1.314 BB
2 16.09 8616793 322796 51.26% 1.392 BB
05 |
0.4 ]
g[l 3
1
£
2
02
01 b=
0.0 | /\ ;
o 1 2I 3 l; s Elv TI : 9 WIU 1'1 1‘2 13 14 1:5 18 1'7 1‘3
B8] (min
Entry | Retention time Area Height Area% Width Type
1 11.84 629136 34687 8.13% 0.934 BB
2 16.14 7106141 281441 91.87% 2.110 BB

S96




5k

7.265
7.248

235
7.1868

144

123
5.545
5,524
5.184
5.170
5.162
5.150
5.136

¢

1.459

=

ol
S

80 85

195.50
—167.23
——184.89
—— 15482

133.23

133.20

132.75

132.66

131

130.

130.85

128.36

128.

122.

i

35

3.0

—— 4387

——40.09

—— 2836

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 €0

80

S97

T
70

60

50

40

20

10

= CHANNEL £l ==

5 mm PABBO

©1d400M
212

1
20210402
18

8012.820
0.122265
4.0884965
52.37
62.400
6.50

295.5 K
1.00000000
1

400.1522008
18
10.75

65536
400.1500090 #
BN

©1d400M
213

1
20210408
21.58
pect

BB/

96.0
2.00000000

32768
100.6177980
[

1.00

[

1.40

Hz
sec
usee

MHz



04.50

T
-100

T
-120

T
-140

S98

T
-160

T
-180

ppm

HAME ©ldd00M
EXENO 214
PROCHO 1
Date_ 20210409
Tin 22.00
INSTRUM
FROBHD 5 mm PABBO BE/
PULPROG 2gfhigqn.2
) 3107
SOLVENT coc13
ns 16
bs a
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AgQ 0.7340532 sec
RG 195.85
oW 5.600 usac
DE 6.50 usec
1E g
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
D0 1
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376.4795233 MHz
19F
14.00 usec
65536
376.5171850 Mz
EM
[
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Area Height Area%

Width
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00
o 1 2 3 4 s 7 s 0 1 1z 135 14 15 18 47 18
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 10.94 9241243 488487 49.74% 1.025 BB
2 13.93 9337716 403425 50.26% 1.249 BB
12
1.0
03 e
5
E 0E
£
2
04
02
or j\ j\
o 1 2 s 4 5 & 7 & s 1w 11 12 18 14 15 18 1w 18
B8] (min
Entry | Retention time Area Height Area% Width Type
1 10.90 779989 44019 7.50% 0.720 BB
2 13.92 9620465 418856 92.50% 1.572 BB
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VWD1 A, Wavelength=254 nm (SZW\szw-20200607-1109-32-51.D)
mAU % 3
350 ' ‘ :
I i
300 [ | M
i i
] |
200 [l :
[ [
]
100 | i
50 ! i
o IR o i B e k# \;_ﬁ_
2‘5 é 7‘5 1IU 12‘,5 15 17‘,5 min|
e CREFITE] R0 s ETR A g 5y ETTR A
# [min] [min]  [mAU*s] [mAU] %
——————————— RS SRR S W SO
1 16.544 BB 0. 3938 1. 08346e4 427. 31992 50. 8633

2 18.058 BB 0. 4364 1. 04668e4

Jrae 2533 4901367

VWD1 A, Wavelength=254 nm (SZW\szw-20200607-1209-54-34 D)

30 {ﬁ
o ||
|
||
ol 2 |
o] = e L e~ L/;\\ﬁdi__Jsﬁ |
e CRETHS ] SR g e 7 £ g 1y [E TR A
# [min] [min]  [mAUxs] [mAU] %
e Jerti [t Saasaass ey et |
1 16.626 BB 0.3710 899.00726 37.31953 6.7458
2 18.149 BB 0.4301 1.24280e4  447.41180 93. 2542
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DAD1 D, Sig=254.4 Ref=off (SZW\SZW-20200611-07.D)

mAU 9 &
120 ? q:\rfz
\*g;
100 \
[ gﬁ
3 &
80 3@&
60— |
40 [ |
20 I
0- S—— A VS \ ‘.“‘r\- N N § v L N i . |
2 i s 5 10 1 14 1 i
W PREFRF A e g e 117 I =y TSN
# [min] [min] [mAU*s ] [mAU] %

S |==mm oo | =mmmmmees | +mmmmmee | -=mmmees |
1 10.281 MM 0.2942 2125.84570 120.44689 52.8584

2 14.842 MM 0.4036 1895.92993 78.29681 47.1416

DAD1 D, Sig=254,4 Ref=off (SZW\SZW-20200611-08.D)
mAU

1000

14766

800
600 [ |
400

200

—>10.262

T T T T T T : T Tl
2 4 6 8 10 12 14 16

Ve RETRGID KT WETT e Vg
# [min] [min] [mAU*s ] [mAU] %

1 10.262 BB 0.2663 2629.80298 151.66402 8.9943
2 14.766 BB 0.3735 2.66087e4 1094.88684 91.0057
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0 1 3 3 . s : 7 5 5 10
B8 (min)
Entry | Retention time Area Height Area% Width Type
1 6.40 5172611 241789 50.15% 0.992 BB
2 7.63 5142194 290385 49.85% 0.912 BB
03
05
[
3
i 3
£ s
ETPR
02
0.0
0 1 2 3 : s s 7 s 3 10
B8] (min
Entry | Retention time Area Height Area% Width Type
1 6.46 4824356 206004 34.75% 0.866 BB
2 7.79 9057243 459483 65.25% 1.065 BB
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VWD1 A, Wavelength=254 nm (SZW\szw-20200607-1812-20-30.D)

mAU § -
500 ‘l \‘
400 j‘ f‘ 2
|
] I
1]
200 - | .‘ |
ER - R R |
U PREFIT ) S IR EQTITREAS U iy WA T A
£  [min] [min]  [mAU%s] [mAU] %
| \ \ \ |
1 9. 998 BV 0.2706 9720. 37891 562.51489 27.3789
2 10.711 VB 0. 2837 9534. 476566 522.89648 26.8533
3 15.331 BY 0.3703 8203.58984 343.94141 23. 1066
4 16.318 VB 0.3953 8044. 73975 314.5H8917 22.6592
VWD1 A, Wavelength=254 nm (SZWiszw-20200607-1912-42-34 D)
mau g
120 ‘ % \
| i
. g | ||
7l i o~ —— - _‘:A‘l" L‘\_ﬁ o W \~ L\,ﬁ -
We REINID R WS WRWTRL W W
#  [min] (min]  [mAU*s] [mAU] %
——————————— ] S
1 10.062 BV E 0.2459 233.70375 14.51217 2.6736
2 10.747 VB R 0.2629 2254, 77661 132.25308 25,7949
3 15.364 VV 0.3571 2429, 12354 105.30725 27.7894
4 16.346 VB 0. 3833 3823.57617 15H2.62387 43.7421
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